
ORIGINAL ARTICLE

Interferon-c and interleukin-4 detected in serum and
saliva from patients with oral lichen planus

Wen-Zhao Liu1,2,3, Ming-Jing He3, Long Long3, Dong-Liang Mu3, Ming-Shu Xu3, Xue Xing3, Xin Zeng3, Ga Liao3,
Hong-Xia Dan3 and Qian-Ming Chen3

Our previous salivary study had demonstrated an apparent T helper 2 (Th2)-predominance in saliva of oral lichen planus (OLP) patients

and suggested a potential of salivary interleukin-4 (IL-4) as a biomarker for monitoring disease severity. To further determine the

consistency of Th1/Th2 bias of OLP, this study investigated the expression profile of interferon-c (IFN-c) and IL-4 in serum and the

relationship of the serum levels of these cytokines with their saliva partners. Sixty ethnic Chinese patients with OLP (40 of the

erythematous/ulcerative form and 20 of the reticular form) were recruited for this study, with 40 age–sex-matched healthy volunteers as

control group. IFN-c and IL-4 levels in serum and paired saliva samples were screened by enzyme-linked immunosorbent assay. OLP

patient showed a low-level IFN-c but high-level IL-4 expression profile in both serum and saliva, with a lower IFN-c/IL-4 ratio. Serum

IL-4 level in the erythematous/ulcerative group was significantly higher than that in the reticular group. Serum levels of IFN-c and IL-4

were significantly and positively correlated with their saliva partners. These results provided more evidence for Th2 cytokine-

predominant immune imbalance in OLP, as well as the potential of IL-4 as the biomarker for monitoring severity of OLP.
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INTRODUCTION

The signature cytokines of distinct T-cell subsets and the transcrip-

tional regulation of T-cell differentiation are indicated to be of fun-

damental importance in mucosal immunity.1 A key component of

mucosal immune response is mediated by CD41 T lymphocytes that

can differentiate into functionally distinct subsets. Whereas T helper 1

(Th1) cells secrete the cytokines interferon-c (IFN-c) and tumor-nec-

rosis factor-a, Th2 cells secrete interleukin-4 (IL-4), IL-5, IL-9 and IL-

13. The mutually antagonistic effects of IFN-c and IL-4, the principal

cytokines of Th1 and Th2 cells respectively, regulate Th1/Th2 balance

and subsequent polarization.2 A close relationship between Th1/Th2

imbalance and pathogenesis of mucosal inflammatory diseases has

been well demonstrated, such as Th2-predominence in allergic

asthma3 and Th1-predominence in Crohn’s disease.4 Skewing of

Th1/Th2 balance is critical for the clinical outcome and may become

a new therapeutic strategy for immunologic disorders.4–6

Oral lichen planus (OLP) is a chronic inflammatory oral mucosal

disease characterized by a T lymphocyte-mediated immune response,

affecting about 0.5%–2% of the world population and persisting up to

more than 20 years without spontaneous remission.7–8 Th1 and Th2

type cytokines in OLP, especially IFN-c and IL-4, have been studied

extensively with several research media,9–14 but the conclusions of

these studies were quite controversial, probably due to the small

sample size. Our previous study with relatively large sample size

demonstrated a Th2-predominant expression profile in saliva of

OLP patients.15 To further determine the systemic Th1/Th2 express-

ion pattern and the consistency of Th1/Th2 bias between saliva and

serum in OLP, we performed the current study, investigating the

expression profile of IFN-c and IL-4 in sera and saliva simultaneously

collected from the OLP patients and healthy controls.

MATERIALS AND METHODS

Subjects

A sum of 60 ethnic Chinese patients (female/male: 35/25; mean age:

45616 years old) clinically and histopathologically diagnosed as OLP,

were recruited in this study, according to clinical classification7 and

the definition of OLP by the World Health Organization. Forty of the

OLP patients were classified as the erythematous/ulcerative subtype,

while the other 20 were classified as reticular subtype. Forty healthy

volunteers (female/male: 21/19; mean age: 42615 years old), which

were age–sex-matched to the patients of erythematous/ulcerative

group, were recruited as control group. All subjects were non-smokers

who neither had any severe systemic disorders (such as diabetes mel-

litus, chronic hepatitis C, etc.), nor any soft tissue lesions in the oral

cavity. Subjects with periodontitis were excluded from the current

study. And those with gingivitis were subjected to supragingival scal-

ing first and the sample collection was performed after the inflam-

mation was resolved. Moreover, none of the participants received any
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medical treatments within at least 90 days prior to the sample collec-

tion. This study was carried out under the approval and supervision of

the Committee for the Use of Human Subjects in Research in Sichuan

University (approval number: WCHSIEC-D-2008-00002); informed

consents were obtained from all the participants.

Collection of samples

Blood samples were collected between 8:00 and 10:00 a.m. from sub-

jects. The blood sample was allowed to clot for 30 min before the

separation of the serum. Serum was separated from blood cells by

centrifugation at 1 000g for 5 min. Whole unstimulated saliva sample,

which was paired with serum sample from each participant, was col-

lected simultaneously as described in our previous study.15 After cent-

rifugation at 3 500g for 20 min, the clarified supernatant of the saliva

was collected. All the samples were stored at 280 6C for further use.

Cytokines assays

Serum and saliva samples were kept at room temperature for about 1 h

to defrost completely before assays. IFN-c (sensitivity: 8 ng?L21) and

IL-4 (sensitivity: 10 ng?L21) concentrations were determined in

duplicate using enzyme-linked immunosorbent assay kits (R&D

Systems, Minneapolis, MN, USA). The standard curve range used in

this study was 3.9–250 ng?L21 for IFN-c and 7.8–500 ng?L21 for IL-4.

Data were read with a spectrophotometer (Sirio; Seac, Florence, Italy)

at 450 nm, the concentrations of IFN-c and IL-4 in the samples were

determined by extrapolating from the standard curve created by plot-

ting the absorbance of the standards versus corresponding concentra-

tions, and results were expressed as ng?mL21.

Statistical analysis

Statistical Package for Social Science (SPSS 13.0 for Windows; SPSS

Inc., Chicago, IL, USA) software was used to analyze the data. Results

were expressed as mean6standard deviation. Two-sample (Student’s)

t-tests were used for pairwise comparison of OLP group and control

group. One-way analysis of variance was used to compare the diffe-

rences between the two OLP subtype groups and between the each

OLP subtype group and the control group. Additionally, correlation of

the IFN-c and IL-4 expression levels in serum and paired salivary

samples in OLP patients was assessed by Pearson’s correlation.

P,0.05 was considered statistically significant.

RESULTS

Serum levels of IFN-c, IL-4 and IFN-c/IL-4 ratio

As shown in Table 1, serum IFN-c level of OLP patients was markedly

lower than control group (P,0.001). When OLP patients were

divided into erythematous/ulcerative subgroup and reticular sub-

group, IFN-c levels demonstrated the same tendency, compared with

control group (P,0.001; P50.006; Figure 1), while there was no

Table 1 Expression of IFN-c and IL-4 in serum in OLP patients

Items IFN-c /(ng?L21) IL-4 /(ng?L21) IFN-c/IL-4

OLP (n560)a 21.057611.860* 20.54563.482* 1.04860.612*

Erythematous/ulcerative (n540) 19.49263.121*b 21.18863.511* 0.92560.606*

Reticular (n520) 24.18567.455* 19.25963.121 * 1.29660.472*

Control (n540) 31.935610.867 15.91762.897 2.13061.013

OLP vs. control P,0.001 P,0.001 P,0.001

Erythematous/ulcerative OLP vs. control P,0.001 P,0.001 P,0.001

Reticular OLP vs. control P50.006 P,0.001 P,0.001

Erythematous/ulcerative OLP vs. reticular OLP P50.086 P50.042 P50.014

IFN, interferon; IL, interleukin; OLP, oral lichen planus.

*P,0.05 when compared with the control group.
a Mean value of OLP group were calculated based on the erythematous/ulcerative group and reticular group.
b Seven of the samples had a value below the assay detection range, and their values were estimated by the regression equation of standard curve.
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Figure 1 IFN-c levels of serum and saliva in OLP patients. OLP, oral lichen planus; rOLP, reticular oral lichen planus; eOLP, erythematous/ulcerative oral lichen

planus.
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significant difference of IFN-c level between the two different subtypes

of OLP (P50.086).

On the contrary, serum IL-4 level of OLP patients was higher than

control group (P,0.001). IL-4 levels in erythematous/ulcerative

subgroup and reticular subgroup demonstrated the same tendency

compared with control group (P,0.001; P,0.001; Figure 2). Further-

more, the mean serum IL-4 level was higher in erythematous/ulcer-

ative group than in reticular OLP group (P50.042).

Serum IFN-c/IL-4 ratio was lower in OLP group than control group

(P,0.001). Among subtypes of OLP, this ratio was lower in erythe-

matous/ulcerative group than in reticular group (P50.014).

Saliva levels of IFN-c, IL-4 and IFN-c/IL-4 ratio

As shown in Table 2, saliva IFN-c level of OLP patients was signifi-

cantly lower than control group (P,0.001), while there was no sig-

nificant difference of IFN-c level between the two different subtypes of

OLP (P50.324; Figure 1).

Saliva IL-4 level of OLP patients or patients with erythematous/

ulcerative OLP was higher than control group (both P,0.001; Figure 2).

Furthermore, the mean saliva IL-4 level was higher in erythematous/

ulcerative group than in reticular OLP group (P50.003). There was

no significant difference of IL-4 level between patients with reticular

OLP and healthy controls (P50.282).

Saliva IFN-c/IL-4 ratio was lower in OLP group than control group

(P,0.001), with no significant difference between two subtypes of

OLP (P50.094).

Correlations of IFN-c and IL-4 levels between serum and saliva

Saliva levels of IFN-c and IL-4 in OLP patients were significantly

higher than their serum partners (P50.005 and P50.007, respec-

tively). A significant positive correlation of cytokine levels between

serum and saliva was found in OLP patients (Figure 3), either in the

whole group (IFN-c: correlation coefficient50.954, P,0.001; IL-4:

correlation coefficient50.696, P,0.001) or the erythematous/ulcera-

tive subgroup (IFN-c: correlation coefficient50.985, P,0.001; IL-4:

correlation coefficient50.682, P,0.001) and reticular subgroup (IFN-

c: correlation coefficient50.797, P,0.001; IL-4: correlation coef-

ficient50.710, P,0.001). Meanwhile, IFN-c/IL-4 ratio in serum from

OLP patient was also positively correlated with its saliva partner

(whole OLP group: correlation coefficient50.923, P,0.001; erythe-

matous/ulcerative subgroup: correlation coefficient50.965, P,0.001;

reticular subgroup: correlation coefficient50.758, P,0.001).

Table 2 Expression of IFN-c and IL-4 in saliva from OLP patients

Items IFN-c /(ng?L21) IL-4 /(ng?L21) IFN-c/IL-4

OLP (n560)a 22.327611.260* 21.56463.422* 1.05960.559*

Erythematous/ulcerative (n540) 21.439612.567*b 22.31763.779* 0.98360.606*

Reticular (n520) 24.10468.037* 20.05961.863 1.21360.424*

Control (n540) 33.517614.968 19.62461.221 1.72860.821

OLP vs. control P,0.001 P,0.001 P,0.001

Erythematous/ulcerative OLP vs. control P,0.001 P,0.001 P,0.001

Reticular OLP vs. control P50.011 P50.282 P50.011

Erythematous/ulcerative OLP vs. reticular OLP P50.324 P50.003 P50.094

IFN, interferon; IL, interleukin; OLP, oral lichen planus.

*P,0.05 when compared with the control group.
a Mean value of OLP group were calculated based on the erythematous/ulcerative group and reticular group.
b Two of the samples had a value below the assay detection range, and their values were estimated by the regression equation of standard curve.
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Figure 2 IL-4 levels of serum saliva in OLP patients. IL, interferon; OLP, oral lichen planus; rOLP, reticular oral lichen planus; eOLP, erythematous/ulcerative oral

lichen planus.
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DISCUSSION

Cytokines but not cytokine-secreted cells drive and maintain the in

vivo immune response. IFN-c and IL-4, the most characteristic Th1

and Th2 cytokines, respectively, regulate the T-cell differentiation and

Th1/Th2 balance involved in physiological and pathological immune

processes. IFN-c is involved in the maturation and activation of CD81

cytotoxic T cell and maintaining the expression of major histocom-

patibility class II molecules, thus participating in keratinocyte apop-

tosis and disease chronicity of OLP.16 IL-4, on the other hand, is

necessary for Th2 cell differentiation and plays an important role in

regulation of antibody production and humoral immune response.1

As IFN-c inhibits the expression of Th2 cytokines such as IL-4, and

vice versa, the IFN-c/IL-4 cytokine ratio is considered to be a simple

and direct indicator of Th1/Th2 balance.17 Being consistent with our

previous salivary study, the present study demonstrated lower IFN-c

but higher IL-4 expression levels in serum of OLP patient, with a

lower IFN-c/IL-4 ratio when compared to healthy controls. Taken

together, our data indicated an imbalance favoring Th2 predominance

in OLP.

Although the precise etiology of OLP is still unknown, it has been

widely accepted that immunological aberrances are very critical

among the multiple etiological factors.9,18 The role of Th1/Th2 imba-

lance in the pathogenesis of OLP has been studied extensively in the

past few years. Based on the expression of Th1 cytokines (IFN-c and

tumor-necrosis factor-a) but not IL-4 and IL-10 by T cells in the

lymphocytic infiltrate of OLP lesion and the pathological hypothesis

of OLP that intra-epithelial Th1-activated autocytotoxic CD81 T cells

trigger keratinocyte apoptosis, Sugerman et al.10,19 suggested that OLP

was characterized by Th1 cytokine bias. However, simultaneous

expression of Th1 and Th2 cytokines are detected in OLP local lesion

and tissue transudates.13–14 Furthermore, saliva, serum and peripheral

blood mononuclear cells from OLP patients present a mixed general

expression profile of both Th1 and Th2 cytokines.11,14–15,20 There is no

doubt that both Th1 and Th2 immune responses are involved in the

development of OLP.

Calculating and comparing the ratio of Th1/Th2-related cytokine

and transcription factor expression might provide a clue for the

exploration of Th1/Th2 imbalance in OLP etiology. In our studies,

as well as a study by Rhodus and colleagues,13,15 a Th2 skew in OLP

patients was demonstrated. Nevertheless, in another study, in which

the expression of specific transcription factors of Th1 and Th2 was

examined, a predominant role of Th1-type immune response was

implicated.21 Yet in another study, which calculated the IFN-c/IL-4

ratio in lesional tissue and unstimulated whole saliva, the expression of

both cytokines were elevated and the IFN-c/IL-4 ratio showed no

significant difference in OLP patients and healthy controls. These

controversies might partly be caused by the difference of patients,

research methods or sample sizes, but it also implied that there might

be some mechanisms, such as the role of regulatory T cells22 and new

subsets of Th cells,23 in the etiology of OLP other than Th1/Th2

imbalance.

OLP has various clinical forms without accepted consensual criteria

for the evaluation of severity. Patients are usually evaluated according

to the clinical and pathological manifestations.24 Previous investi-

gations indicated that the erythematous/ulcerative subtype seemed

to cause more serious symptoms such as pain and bleeding, and be

at risk for future malignant transformation compared with reticular

subtype.25 In the current study, though the expression of both cyto-

kines was significantly different in OLP patients and healthy controls,

only IL-4 level (both in serum and in saliva) showed significant dif-

ference in between two subtypes of OLP. These results indicated that

IL-4 might be detrimental for OLP clinical outcome and a fine bio-

marker reflecting the severity of OLP.

There were strong correlations of IFN-c and IL-4 levels and ratio

between serum and saliva from OLP patients. It suggested that cyto-

kine expression in OLP was consistent in saliva and serum, detection

of salivary cytokines could reflect systemic cytokine expression profile

in OLP. Furthermore, we observed that the salivary concentrations of

the cytokines from patients with OLP were higher than their serum

partners, probably due to production of cytokines from the inflam-

matory infiltration and keratinocytes in OLP lesion and/or dysfunc-

tion of the structural barriers in oral mucosa. It was consistent with the

study by Zhang et al.26 With the advantages of easy access and non-

invasive collection by individuals with modest training, whole saliva
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Figure 3 Correlations of cytokines levels between serum and saliva in OLP patients. OLP, oral lichen planus.
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provides a cost-effective approach for the repetitious disease monitor-

ing and the screening of large populations in studies of systemic

diseases and especially oral diseases. It might be a better routine substitute

for other OLP test means to reflect the severity of OLP by detecting the

salivary IL-4 level.27

It is necessary to note, limited by the detection range of the enzyme-

linked immunosorbent assay kit, some IFN-c detected values in the

erythematous/ulcerative OLP group were below the detection range

and estimated by the regression equation of standard curve, which might

not be accurate. A more sensitive assay should be need for the further

studies.

In general, our current study, together with our previous study, iden-

tified the Th2 cytokine-predominant immune imbalance in OLP and

indicated that IL-4 level might be in association with severity of OLP.
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