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Serum and salivary interleukin-4 levels in patients with
oral lichen planus: A systematic review and meta-analysis
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Objective. Cytokines have an important role in keratinocyte immune damage and can act in the pathogenesis of different cutane-
ous diseases. Accordingly, in the literature, interleukin 4 (IL-4) concentration has been previously investigated in patients affected
by oral lichen planus (OLP).

Study design. The present meta-analysis evaluated the serum and salivary levels of IL-4 in connection with several OLP variants.
The search was performed from 1995 in Cochrane Library and 1983 in Scopus, PubMed, and Web of Science to September 2018.
The quality of the studies included in the meta-analysis was assessed using the Newcastle-Ottawa Scale assessment. The analyses
were done by Review Manager 5.3 using mean difference (MD) and 95% confidence intervals (Cls).

Results. Out of 108 studies retrieved in the databases, only 10 were included and analyzed in quantitative synthesis. The pooled
MD of the serum and salivary IL-4 levels in OLP patients compared with the controls was 6.36 picograms/milliliter (pg/mL) (95%
Cl: 1.47,11.24; P=.01) and 2.67 pg/mL (95% Cl: 2.66, 2.68; P < .00001), respectively. In addition, the pooled MD of serum and
salivary IL-4 level was 1.30 pg/mL (95% Cl: —0.35, 2.95; P=.12) and 1.83 pg/mL (95% ClI: 0.26, 3.40; P=.02), respectively, in
patients with erosive, erythematous, bullous, and ulcerative variants of OLP compared with patients with reticular OLP.
Conclusions. This meta-analysis found that OLP patients present elevated serum and salivary IL-4 levels, thus indicating that IL-4
may represent a potential salivary biomarker for the disease. By contrast, clinicians must be aware that even other factors (e.g.,

secondary infection) may influence its concentration. (Oral Surg Oral Med Oral Pathol Oral Radiol 2019;128:123—131)

Oral lichen planus (OLP) is known to be a chronic
inflammatory disease associated with various other
systemic disorders." Its prevalence ranges from
1%—2% among the general population.” It often
involves middle-aged patients and is more common in
women than men.” Although the cause of OLP is
unclear, various mechanisms have been hypothesized
to be involved in its pathogenesis (antigen-specific
cell-mediated immune response, autoimmune, humoral
immunity, and nonspecific mechanisms).” Among
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them, the autoimmune mechanism postulates the dis-
ease to be a T-cell—induced autoimmune disorder in
which CD8" T cells can induce oral epithelial cells
apoptosis.” T helper (Th) cells have been traditionally
divided into two subtypes (Thl and Th2), according to
cytokine production.’ Accordingly, dysregulation of
the immune system has been involved in the OLP etiol-
ogy.” Cytokines can play an intermediate role between
keratinocytes and inflammatory cells and also have an
important role in keratinocyte immune damage.® In
such a scenario, interleukin-4 (IL-4) is an important
cytokine responsible for the secretion of other cyto-
kines but is also necessary for the differentiation of
Th2 cells”'” and plays a pivotal role in antibody pro-
duction regulation and humoral immune response.'”"!
In regard to the connection between the immune sys-
tem and OLP, meta-analyses have checked the salivary
or serum levels of several cytokines such as tumor
necrosis factor ,'” IL-6,"* and IL-8'* in OLP patients
and found that they were all significantly higher than
in healthy controls. In a recent meta-analysis,'” we

Statement of Clinical Relevance

This meta-analysis found that oral lichen planus
patients compared with controls present elevated
serum and salivary interleukin 4 levels, thus indicat-
ing that interleukin 4 may represent a risk factor for
oral lichen planus development and also may be a
good salivary biomarker for the disease.
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checked the correlation between salivary and serum
immunoglobulins in OLP patients and the results indi-
cated that the levels of immunoglobulins were higher
in salivary than in serum samples. Therefore this is a
further confirmation that the immune system, and
namely cytokines, can affect the pathogenesis of OLP.
On this basis, the present meta-analysis aims to evalu-
ate the serum and salivary levels of IL-4 in connection
with OLP based on case-control studies.

MATERIALS AND METHODS

This meta-analysis was performed according to the
Preferred Reporting Guidelines for Systematic
Reviews and Meta-Analyses guidelines.'®

Search strategies

The studies were retrieved by searching the key terms
“oral lichen planus” or “OLP” and “interleukin-4” or
“IL-4” in Scopus, PubMed, Web of Science, and
Cochrane Library databases up to September 2018. In
detail, the search in Cochrane Library was started from
1995, whereas in the other databases the search started
from 1983.

Study selection and selection criteria

The studies on the impact of OLP on serum and sali-
vary IL-4 levels were selected without restrictions of
language, period, gender, age, severity, and variants of
OLP. The studies were analyzed if they (1) were case-
control subtype reporting median or mean (% standard
deviation) of serum and/or salivary IL-4 levels, (2)
included OLP patients without any treatment, (3)
reported OLP diagnosis in accordance with the World
Health Organization’s clinicopathologic diagnostic cri-
teria,'” (4) reported control patients without systematic
and/or dental diseases, and (5) reported unstimulated
saliva samples.

Data extraction

The studies were checked by one author (M.S.) to
extract all the relevant data. Another author (H.R.M)
reevaluated the data. Disagreements were resolved
with the third author’s discussion (E.Z.).

Quality assessment

The quality of the studies was evaluated by one author
(M.S.) using the Newcastle-Ottawa Scale assessment '
with a maximum score of 9 for each study that scored
>7, meaning it was found to be a good-quality study.

Statistical analyses

The analyses were done by Review Manager 5.3 (Rev-
Man 5.3, The Cochrane Collaboration, Oxford, UK)
with a random-effects model using mean difference
(MD) and 95% confidence intervals (CIs), which, in
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the lack of heterogeneity, lead to use of the fixed-
effects model. The heterogeneity percentage between
the studies was evaluated by the Cochrane Q test and I*
statistic; if P < .1 or P> 50%, there was a heterogene-
ity. A P value (2-sided) <.05 was considered statisti-
cally significant. The funnel plot analysis with Begg’s
and Egger’s tests (for the evaluation of the publication
bias across the studies) and sensitivity analysis with 1
removed study and cumulative analysis (for confirming
stability of the results) were done by Comprehensive
Meta-Analysis 2.0 (CMA 2.0) software. The unit of
IL-4 level in this meta-analysis was picograms per mil-
liliter (pg/mL).

RESULTS

Study selection

Out of 108 studies retrieved in the mentioned databases,
43 studies were screened (Figure 1). Out of 43 studies,
23 studies were not relevant and were excluded. The full
texts of the remaining 20 studies were assessed for eligi-
bility and half were excluded with reasons (3 studies
were review/systematic review, 3 reported the polymor-
phisms of IL-4, 1 had duplicate data, and 3 had no rele-
vant data). Finally, 10 studies were analyzed in
quantitative synthesis (meta-analysis).

Baseline features

Out of 10 studies involved in the meta-analysis, 7 stud-
ies reported data from China,"”? 1 from Turkey,26 1
from the United States,”’ and 1 from Iran.”® The stud-
ies were published from 2008 to 2018 (Table I).
Together the studies included 502 OLP patients and
367 controls, except 1 study,25 which did not report IL-
4 level in controls and therefore did not allow compar-
ing the level between the OLP patients and controls
(117 patients and 100 controls). This study just com-
pared the IL-4 level in patients affected by different
OLP subtypes. Considering all the patients in the meta-
analysis, the mean age of OLP patients and controls
ranged from 41.5 to 56.3 years and 26.9 to 54 years,
respectively. Among the 10 articles, 4 studies reported
only the salivary IL-4 level,'”"*"% 5 studies evalu-
ated only serum IL-4 concentration,”***>?" and 1
study”” reported both salivary and serum levels. When
considering IL-4 concentrations among patients
affected by different OLP variants, 4 studies reported
the salivary IL-4 levels'””"?*** and 4 studies the
serum IL-4 levels.””*?’ In detail, the salivary IL-4
levels were from 103 patients with erosive and other
OLP variants (erythematous, ulcerative) and 75 reticular
OLP cases, whereas the serum levels were from 137
patients affected by erosive and other OLP variants
(bullous, ulcerative, erythematous) and 106 reticular
OLP patients. Most of the studies measured the IL-4
levels by enzyme-linked immunosorbent assay
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Fig. 1. The PRISMA flowchart of the study selection.

(ELISA) method, except 2 studies”**° that used the
cytometric bead array method.

Meta-analysis

The pooled analysis indicated that the MD of serum IL-4
levels in OLP patients compared with the controls was
6.36 pg/mL (95% CI: 147, 11.24; P=.01; F=97%
[Pheterogeneity (Pn) < .00001]). The serum IL-4 level in
OLP patients was significantly higher than in controls
(Figure 2).

The pooled analysis of the salivary IL-4 level in OLP
patients compared with the controls is shown in Figure 3.
The MD was 2.67 pg/mL. (95% CIL. 2.66, 2.68; P
<.00001; P =0% [Py, =.59]). The salivary IL-4 level in
OLP patients was significantly higher than in controls.

The pooled analysis of serum IL-4 level based on the
subtype of OLP is shown in Figure 4. The MD was
1.30 pg/mL (95% CI: —0.35, 2.95; P=.12; ’=79%
(P, =.003)] in patients affected by erosive and other
OLP variants compared with patients with reticular
OLP. The result was not significant.

The pooled analysis of salivary IL-4 level based on
the subtype of OLP is shown in Figure 5. The MD was
1.83 pg/mL (95% CI: 0.26, 3.40; P=.02; I’=80%
(P,=.002)] in patients affected by erosive and other
OLP variants compared with patients with reticular
OLP. The salivary IL-4 level in patients with erosive
and other subtypes was significantly higher than in
reticular OLP patients.



Table I. Baseline features of the studies included in the analysis (N = 10)

Mean age of
No. of participants  participants Male participants
First author, y Country  (OLP/control) (OLP/control), y ~ (OLP/control), (n)  Sample Subtype of OLP (n) Method
Tao, 2008" China 19/7 46.5/26.9 7/3 Saliva Atrophy-erosive (10), reticular (9) ELISA kit (eBioscience Inc., San Diego, CA,
USA)
Liu, 2009%° China 79/41 46/41 37/20 Saliva Erythematous/ulcerative (20), reticu- ELISA kit (R&D Systems Inc., Minneapolis,
lar (16) MN, USA)
Pekiner, 2012°° Turkey 30/30 51.10/48.09 9/12 Serum Bullous/erosive (12), reticular (18) Cytometric Bead Array Th1/Th2 Human kit (BD
BioSciences, San Jose, CA, USA).
Zhou, 2012°! China 22/8 42/49 10/3 Serum — ELISA kit (R&D Systems Inc, Minneapolis,
MN, USA).
Ding, 2014°7 USA 36/19 45/43 21/12 Serum Erythematous/erosive (20), reticular ELISA kit (BioLegend, Inc., San Diego, CA,
(16) USA)
Liu, 2014%> China 60/40 45/42 25/19 Serum Erythematous/ulcerative (40), reticu- ELISA kit (R&D Systems, Minneapolis, MN,
& saliva lar (20) USA)
Malekzadeh, 2015*°  Iran 63/63 41.5/37 25/30 Saliva Erythematous/ulcerative (33), reticu- ELISA kit (eBioscience, San Diego, USA).
lar (30)
Wang, 2015> China 35/35 53/54 31/31 Serum — ELISA kit (R&D Systems Inc., Minneapolis,
MN, USA)
Wei, 2018>* China 41/14 56.3/51.2 9/6 Saliva — Cytometric Bead Array Th1/Th2 Human kit
(BDBioSciences, USA).
Zhang, 2018% China 117/110 Median: 52/52 37/45 Serum Atrophy-erosive (65), Reticular (52) ELISA kits (R&D Systems, Inc., Minneapolis,

MN, USA)

OLP, oral lichen planus; ELISA, enzyme-linked immunosorbent assay.
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OLP Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI

Ding, 2014 51.63 13.77 36 3297 7.01 19 21.1% 18.66 [13.17, 24.15] O T

Liu, 2014 20.54 3.48 60 15.98 2.9 40 28.2% 4.56 [3.30, 5.82] -

Pekiner, 2012 249 038 30 258 0.44 30 28.7% -0.09[-0.30, 0.12] b

Wang, 2015 75.16 12.85 35 67.82 8.71 35 21.8% 7.34 [2.20, 12.48] -

Zhou, 2012 175.95 29.85 22 381.31 151.26 8 0.2% -205.36 [-310.92, -99.80] ¢

Total (95% CI) 183 132 100.0% 6.36 [1.47, 11.24] e

ity: 2= - Chiz = = - 12 = 979 t + t t
Heterogeneity: Tau? = 21.59; Chi? = 117.43, df = 4 (P < 0.00001); I* = 97% 20 10 0 10 20

Test for overall effect: Z=2.55 (P = 0.01)

Favours [OLP] Favours [control]

Fig. 2. The forest plot of serum interleukin 4 level (unit: pg/mL) in oral lichen planus patients versus controls. OLP, oral lichen
planus; SD, standard deviation; CI, confidence interval; IV, instrumental variable; df, degrees of freedom.

OLP Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Liu, 2009 22.23 3.54 79 19.6 1.21 41 0.0% 2.63[1.77, 3.49] =
Liu, 2014 21.56 3.42 60 19.62 1.22 40  0.0% 1.94 [1.00, 2.88] -
Malekzadeh, 2015 425 0.04 63 1.58 0.02 63 100.0% 2.67 [2.66, 2.68] .
Tao, 2008 11.8 6.75 19 10.07 7.71 7  0.0% 1.73 [-4.74, 8.20] N
Wei, 2018 13.24 22.79 41 267 419 14 0.0% 10.57 [-12.46, 33.60] >
Total (95% ClI) 262 165 100.0% 2.67 [2.66, 2.68]

Heterogeneity: Chi? = 2.84, df = 4 (P = 0.59); 12 = 0%
Test for overall effect: Z = 473.93 (P < 0.00001)
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Fig. 3. The forest plot of salivary interleukin 4 level (unit: pg/mL) in oral lichen planus patients versus controls. OLP, oral lichen
planus; SD, standard deviation; CI, confidence interval; /V, instrumental variable; df, degrees of freedom.

Heterogeneity: Tau? = 1.80; Chi? = 14.24, df = 3 (P = 0.003); I? = 79%

| 1

Other/Erosive Reticular Mean Difference Mean Difference

Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ding, 2014 50.87 13.8 20 526 13.67 16  3.1% -1.73[-10.75, 7.29] —
Liu, 2014 21.19 3.51 40 19.26 3.12 20 27.3% 1.93[0.18, 3.68] el
Pekiner, 2012 258 04 12 243 0.3 18  39.0% 0.15[-0.12, 0.42] | ]
Zhang, 2018 27.34 3.32 65 2483 4.22 52 30.6% 2.51[1.11,3.91] -
Total (95% CI) 137 106 100.0% 1.30 [-0.35, 2.95] P

0

Test for overall effect: Z = 1.55 (P = 0.12)

t
10
Favours [reticular]

-10
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-20 20

Fig. 4. The forest plot of serum interleukin 4 level (unit: pg/mL) based on subtype of OLP (erosive/other vs reticular). OLP, oral
lichen planus; SD, standard deviation; CI, confidence interval; [V, instrumental variable; df, degrees of freedom.

Other/Erosive Reticular Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Liu, 2009 23.07 4.12 58 19.94 1.89 21 30.0% 3.13[1.80, 4.46] —
Liu, 2014 2119 3.51 40 19.26 3.12 20 26.0% 1.93[0.18, 3.68] el
Malekzadeh, 2015 458 0.03 33 3.88 0.05 30 38.3% 0.70[0.68, 0.72] u
Tao, 2008 12.79 7.99 10 10.71 5.37 9 57% 2.08 [-3.99, 8.15] ]
Total (95% CI) 141 80 100.0% 1.83 [0.26, 3.40] L 2
o 5 R = > _ . 5l HAG : : : ;
Heterogeneity: Tau? = 1.68; Chi* = 14.86, df = 3 (P = 0.002); I> = 80% _1'0 '5 0 5'; 1'0

Test for overall effect: Z = 2.28 (P = 0.02)

Favours [other/erosive] Favours [reticular]

Fig. 5. The forest plot of salivary interleukin 4 level (unit: pg/mL) based on subtype of OLP (erosive/other vs reticular). OLP, oral
lichen planus; SD, standard deviation; CI, confidence interval; /V, instrumental variable; df, degrees of freedom.

Quality assessment

The quality of the studies included in the present meta-
analysis had a mean score of 6.6, with half of the stud-
ies having good quality (Table II).

Publication bias

The P values of Egger’s and Begg’s tests were >.05 in
all analyses; therefore no publication bias was identi-
fied in the analyses (Figure 6)

Sensitivity analysis

We tested “one study removed” and “cumulative ana-
lysis” on each analysis and they did not change the pre-
vious results; therefore the pooled MD of each analysis
was stable.

DISCUSSION
The results of the present meta-analysis found that
serum and salivary IL-4 levels in OLP patients were
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significantly higher than in controls. In addition, the
serum and salivary IL-4 levels in patients with reticular
OLP subtype were lower than in those suffering from
other subtypes, although the difference was significant
only for the salivary level.

OLP is a chronic inflammatory disease in which a
Th1/Th2 cell imbalance is involved, thus favoring a
Th2 predominance. IL-4 is a cytokine whose level may
RN represent the activation of Th2 cell immune response.
Moreover, some studies have also reported the inter-
feron y (IFN-y) and/or its ratio with IL-4 in OLP, thus
indicating the cell imbalance.”’***” Hence, a high
level of IL-4, indicating the Th2 activation, represents
a further element favoring the autoimmune mechanism
in the pathogenesis of OLP.

In the present meta-analysis, out of 5 studies report-
ing serum IL-4 level’' ***°" in the OLP patients com-
pared with healthy controls: In 3 studies”****’ a higher
o+ o+ level of IL-4 in patients was detected, whereas in one”!
a lower concentration was reported, and in the other
one’® no difference was identified. Indeed, Zhou
et al.”' described the pathway of programmed death 1
and its ligand B7-H1, which may be implicated in OLP
o+ |+ and play a pivotal role in the negative modulation of
T-cell—mediated immune response, thus reducing the
serum IL-4 level in OLP. In addition, Pekiner et al.”°
reported lack of difference in serum IL-4 concentra-
tions between patients and controls, and they con-
tohh cluded that this could be due to the low ratio of
reticular/other-erosive OLP variants in patients com-
pared with other studies.

On the other hand, 5 studies reported higher
o+ |+ e+ | ] salivary IL-4 concentration in OLP patients than in con-
trols, but the difference was significant only in 3 stud-
ies.”"***® Wei et al.” reported that salivary IFN-y/ IL-4
ratio can negatively affect the salivary IL-4 and this ratio
++ ] in OLP patients was significantly higher than controls.

OLP has numerous different clinical subtypes that are
characterized either by various clinical features or possi-
ble malignant transformation, and only some studies
investigating IL-4 level in OLP have considered the dif-
ferent variants of the disease. Indeed, 4 studies>>>>%’
reported the serum IL-4 levels and another 4 stud-
ies'??%?% reported the salivary IL-4 levels between
different subtypes of OLP (erosive/other vs reticular),
and the serum and salivary IL-4 levels in erosive/other
subtypes were significantly higher than reticular in 2
studies”” and in 3 studies,”**** respectively. It
should be added that among 8 studies reporting the
serum and/or salivary IL-4 levels based on the disease
subtypes, only 1 study”’ reported low serum level of IL-
4, but without reaching significant difference. Because
the erythematous and erosive OLP subtypes can cause
severe symptoms (i.e., bleeding and pain) and they have
been reported, rarely, to undergo malignant

Quality!
Fair
Good
Good
Fair
Good
Good
Good
Fair
Fair
Fair

Total score
6
8
8
6
7
7
7
6
5
6
6.6

QOutcome
Same method of Nonresponse rate

ascertainment
for cases and
controls

Ascertainment
of exposure

Additional factor’

Comparability

19,20,22,24,28

Selection of  Definition of Main factor*
controls

Selection
controls

of the cases

Case definition ~ Representativeness

adequate

26
1

5

Table Il. The quality score based on the Newcastle-Ottawa Scale (NOS) of each study included in the meta-analysis (N = 10)

1Good quality (score: >7) and fair quality (score: 5—7).

*Age was matched between 2 groups.
tSex was matched between 2 groups.

Malekzadeh, 2015%*

First author (y)
Tao, 2008"°
Liu, 2009*°
Pekiner, 2012
Zhou, 2012
Ding, 2014”7
Liu, 2014*°
Wang, 2015>
Wei, 2018
Zhang, 2018>°
Mean score
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Fig. 6. The funnel plot of interleukin 4 levels: (A) serum and (B) salivary levels in oral lichen planus compared with controls; (C)
serum and (D) salivary levels in other/erosive compared with reticular patients (y-axes, standard error [SE], and x-axes, mean dif-

ference [MD], with units of pg/mL).

transformation, several studies” ™ have suggested that
such factors may help explain the differences in IL-4
levels among various OLP variants. Another study””
found a lower serum and salivary ratio of IFN-y/IL-4,
mainly in the erythematous and erosive subtypes com-
pared with the reticular subtype; these data were in con-
trast with the serum and salivary IL-4 levels. Therefore
it is clear that imbalance between Thl and Th2 cells
may influence OLP pathogenesis and cause elevated
levels of
IL-4 in OLP patients.%‘28 On the other hand, it can also
be argued that IL-4 concentration may be influenced,
either in serum or mainly in saliva, by the presence of a
local inflammatory process, which is expected to be
stronger in the erosive, ulcerative, and erythematous
variants. Moreover, the presence of a possible secondary
infection in the erosive and ulcerative OLP subtypes

may represent a further cause of higher IL-4 salivary
level.

Another important factor to be considered is repre-
sented by the interaction between genes and cytokines
and also the effect of gene polymorphisms on the cyto-
kine production. Indeed, a cohort study34 on Chinese
ethnicity found that IL-4 gene polymorphism seems to
have a positive influence on OLP susceptibility and
prognosis. Therefore this may explain the differences
between the results in numerous studies. Additionally,
considering the studies included in the present meta-
analysis, none of them investigated the effect of age and
gender on IL-4 levels, although we believe that these
factors should also be considered in future studies.

Our meta-analysis presents some limitations: (1) To
date, only a few studies on this topic have been
reported and examined, (2) some studies reported
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different number of patients in each OLP subtype, (3)
different detection methods have been used in the stud-
ies, (4) there is a high heterogeneity among studies,
and (5) only half of studies were of good quality.

On the other hand, the strengths of the meta-analysis
are that (1) no publication bias was detected and (2)
the results of each analysis were stable.

CONCLUSIONS

According to the present meta-analysis, OLP patients
present elevated serum and salivary IL-4 levels, thus
indicating that IL-4 may represent a potential and
easy to collect salivary biomarker for the disease. On
the other hand, as stated earlier, because the presence
of either a more severe inflammation or secondary
infection in erosive, ulcerative, and erythematous
OLP variants may influence the IL-4 levels, it is clear
that its use in clinical practice is not currently recom-
mended. Moreover, because of the low number of
studies reported, it is recommended that further stud-
ies with larger samples of patients be conducted, con-
sidering age, gender, genetic polymorphisms, and
disease severity.
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