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Abstract
Objective: The purpose of this study was to detect and enumerate T cells secreting type 1 and 2 cytokines in the peripheral blood of patients with oral lichen planus (OLP) and in healthy controls.
Subjects and Methods: The study group consisted of 80 OLP patients and 80 healthy individuals. Cytokine secreting T
cells were detected using ELISPOT assay.
Results: There was a statistically significant decrease (p<0.05) in the number of IFN-γ and IL-12 secreting cells in
the peripheral blood of patients with OLP compared to the controls. No statistical difference was observed in the
number of IL-2 and TNF-a secreting cells between OLP patients and controls (p>0.05). Also there was no significant
difference in the numbers of IFN-γ, IL-12, IL-2 and TNF-a secreting cells between reticular and erosive forms of
OLP (p>0.05).
As regards type 2 cytokines, the number of IL-5 and IL-10 secreting cells was significantly decreased in OLP patients
compared to the healthy control group (p<0.05). No statistical difference was observed in the number of IL-6 secreting
cells between OLP patients and control group (p>0.05). Similarly, no statistical difference was observed in the number of
IL-4 secreting cells between OLP patients and controls (p>0.05). No significant difference was also found in the numbers
of IL-4, IL-5, IL-10 and IL-6 secreting cells between reticular and erosive OLP group.
Conclusion: These data suggest decreased type 1 and type 2 cytokine production (except IL-4) in OLP patients. Hippokratia 2008; 12 (4): 230-235
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Oral lichen planus (OLP) is a chronic inflammatory
disease of unknown etiology1. It is one of the most common pathological conditions in patients referred to Oral
Medicine clinics2-4. There is consensus that in OLP there
is a chronic, cell-mediated, immune damage to basal keratinocytes in the oral mucosa, that are recognized as being antigenically foreign or altered, although the initial
event in OLP lesion formation and the factors that determine OLP susceptibility are still unknown5-7. Studies on
peripheral blood indicate an alteration in the immune response of OLP patients but do not identify abnormalities
which may characterize the disease8-10. Cytokines play a
critical role in determining the strength, the nature and
the duration of immune responses and have been a major
focus in the study of the pathogenesis of autoimmunity1113
. In general, cytokines are distinguished in type 1 cytokines (i.e. IL-2, IL-12, IFN-γ, TNF-a) that are involved as
pro-inflammatory cytokines in cell-mediated immunity
and type 2 cytokines (i.e. IL-4, IL-5, IL-6, IL-10, IL-13)
that promote humoral immunity14.
The purpose of the present investigation was to detect and enumerate type 1 and type 2 cytokine producing cells in the peripheral blood of patients with OLP,

to compare them with those of healthy controls and to
discuss the role that these cells may play in the pathogenesis of OLP.
Subjects and Methods
Patients and samples
The study group consisted of 80 OLP patients (49
men, 31 women, mean age 55.6 ± 13.3 years, range 18-76
years) who were referred to the Clinic of Oral Medicine
and 80 healthy individuals (40 men, 40 women, mean age
50 ± 6.1 years, range 20-65 years). All OLP patients and
controls were free from any systemic diseases and they
did not take any medication during the previous three
months. Patients with lichenoid reactions to drugs, amalgam fillings, or topical allergic reactions of unknown
origin were excluded from this study. Clinical evaluation of OLP patients was based on the classification that
was proposed by Andreasen (1963)15 who described six
clinical forms of OLP (reticular, plaque, papular, atrophic, bullous and erosive form). Of 80 OLP patients, 40
manifested the reticular form (50%), 32 the erosive form
(40%), 1 the atrophic form (1.2%) and 7 the plaque-like
form of the disease (8.7%). The criteria used for histo-
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pathologic diagnosis were the presence of hyperkeratosis, degenerative alterations of the basal cells as well as
inflammatory infiltrates in the lamina propria consisting
mainly of lymphocytes and histiocytes. Peripheral blood
samples were obtained from healthy volunteers and OLP
patients by venepuncture in the active stage of the disease. The whole study was conducted according to Helsinki declaration.
Isolation of T cells
T cells were purified by density centrifugation (2000
rpm for 30 min, at 50 C) on Ficoll, were isolated and centrifuged three more times at 2500 rpm, for 10 min, at 50
C with RPMI-1640 and were supplemented with 10%
heat inactivated Fetal Bovine Serum, 1% Hepes Buffer
10Mm, 1% penicillin 1U/ml, 1% streptomycin 1μg/ml
and 1% L-glutamine 2Mm. All reagents were purchased
by Biochrom KG, Berlin, Germany. T cells were finally
resuspended in RPMI-1640 medium at a concentration of
1 x 105 cells/ml for IL-2 assay, 1x 105 cells/ml for IL-12
assay, 2 x 104 cells/ml for TNF-a assay and 5 x 104 cells/
ml for IFN-γ assay.
Cytokine ELISPOT (Elisa spots) assay.
Commercially available ELISPOT kits were used to
measure IL-2, IL-12, TNF-a, IFN-γ, IL-4, IL-5, IL-6, and
IL-10 producing cells (Diaclone Research, Besançon,
France). Each kit contained concentrated solutions of
capture and detection antibodies, concentrated solution of
streptavidin conjugated alkaline-phosphatase and BCIP/
NBT substrate. Assays were performed according to the
protocol that was included in each ELISPOT kit. The 96well PVDF-bottomed-well plates (Millipore Multiscreen,
France) were coated with100 μl/well of monoclonal anticytokine detection antibody into phosphate buffer saline
(PBS) (Sigma, St Louis, USA). For each plate 100 μl of
capture antibody into 10 ml of PBS was used. The antibody was kept into the plates overnight at 40 C.
Plates were then washed with PBS and consequent dilutions of cells suspension, starting with 5-10 x 104 cells/
ml (for IL-2 assay), 1-10 x 105 cells/ml (for IL-12 assay),

2-4 x104 cells/ml (for TNF-a assay) and 2-5 x 104 cells/
ml (for IFN-γ assay) in RPMI-1640 medium and were
incubated on cytokine-coated plates at 370 C for 15-20
hours in a humidified environment with 5% C02. Plates
were washed three times with PBS- 0.1%, Tween 20 and
were overlaid with 100 μl/well of biotinylated detection
anticytokine antibody into PBS, containing 1% BSA (for
each plate we used 100 μl of reconstituted detection antibody into 10 mL of PBS containing 1% BSA) and were
incubated for 1 hour 30 min at 370 C. Plates were then
washed again three times with PBS-0.1%, Tween 20 and
treated with 1:1000 dilution of streptavidin-conjugated
alkaline phosphatase into PBS-1% BSA for 1 hour at 370
C and were washed three times with PBS-0.1% Tween
20. The cytokine secreted by single cells was visualized
by the addition of BCIP/NBT in wells. The colorimetric
reaction was halted after 20 minutes by washing with
distilled water and the number of spots in the wells, each
representing one cytokine-producing cell, was evaluated
using a light microscope. The numbers of cytokine producing cells were counted under a stereo microscope and
were expressed as cells/well.
Statistical analysis
Statistical differences between the numbers of cytokine producing cells of OLP patients and control group
were determined by two tailed t-test. Statistical differences between the numbers of cytokine producing cells of
reticular type of OLP patients group and erosive type of
OLP patients group were determined by two tailed t-test.
Results were expressed as mean ± S.E.M for each group.
Results
The numbers of IFN-γ and IL-12 producing cells
were significantly lower (p<0.05) in OLP patients (68.5
± 13 IFN-γ producing cells/well and 54.9 ± 10 IL-12 producing cells/well) than in control group (123.6 ± 14 IFNγ producing cells/ml and 89 ± 13 IL-12 producing cells/
well, respectively). No statistical difference (p>0.05) was
observed in the numbers of IL-2 and TNF-a producing
cells between OLP patients (76.7 ± 19 IL-2 producing

Table 1: Elispot results. Numbers of T cells secreting type 1 cytokines in the peripheral blood of OLP patients and control
group. Results are expressed as the number of cytokine producing cells/ well (mean±S.E.M.).
OLP group

Control group

p

IFN-γ producing cells

68.5 ± 13

123.6 ± 14

p<0.05

IL-12 producing cells

54.9 ± 10

89± 13

p<0.05

IL-2 producing cells

76.7± 19

88 ± 19

p> 0.05

1450 ± 140

1840 ± 160

p> 0.05

TNF-α producing cells
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Table 2: ELISPOT results. Type 1 cytokine-producing cells from peripheral blood of patients with reticular and erosive OLP.
Results are expressed as the number of cytokine producing cells/well (mean ± S.E.M.).
Reticular OLP group

Erosive OLP group

p

97 ± 32

57 ± 25

p> 0.05

58 ± 17

50 ± 12

p> 0.05

IL-2 producing cells

55 ± 13

81.7 ± 22

p> 0.05

TNF-α producing cells

1270 ± 200

1550 ± 220

p> 0.05

IFN-γ producing cells
IL-12 producing cells

cells/well and 1450 ± 140 TNF-a producing cells/well)
and controls (88 ± 19 IL-2 producing cells/well and 1840
± 160 TNF-a producing cells/ well) (Table 1).
As for IFN-γ, IL-12, IL-2 and TNF-a producing cells
in reticular and erosive OLP patients, no significant difference was observed between the two groups (p>0.05)
(Table 2).
As for Type 2 cytokines, the numbers of IL-5 and IL10 producing cells were found to be significantly lower
(p<0.05) in OLP patients (48.2 ± 4 IL-5 producing cells/
well and 730 ± 100 IL-10 producing cells/well) compared
to control group (88.2 ± 9 IL-5 producing cells/well and
1930 ± 290 IL-10 producing cells/well, respativaly). No
statistical difference (p>0.05) was observed in the number of IL-6 producing cells between OLP and control
group (661 ± 95 vs. 804 ± 85 IL-6 producing cells/well,
respectively). Similarly, no statistical difference (p>0.05)
was observed in the number of IL-4 producing cells between OLP patients and controls (117 ± 22 vs. 73.1 ± 11
IL-4 producing cells/well, respectively) (Table 3).
As for IL-4, IL-5, IL-10 and IL-6 producing cells in reticular and erosive OLP patients, no significant difference
(p>0.05) was observed between the two groups (Table 4).

Discussion
In this study, we detected and compared the IL-2, IFNγ, IL-12, TNF-a, IL-4, IL-5, IL-10 and IL-6 producing
cells in the peripheral blood of OLP patients and healthy
controls. ELISPOT assays were used to detect cytokine
producing cells from peripheral blood in both groups. The
results have shown a decrease of IFN-γ, IL-12, IL-5, IL10 and IL-6 producing cells in patients with OLP.
Cytokines play an important role in the immune system as they mediate and regulate immune and inflammatory reactions16. Type 1 cytokines primarily promote cell
mediated immunity. In our study, the numbers of IFN-γ
and IL-12 producing cells in peripheral blood were found
to be significantly decreased in OLP group compared to
healthy controls (p<0.05), indicating a suppressed cell
mediated immune response in OLP patients (Th1 response). IFN-γ inhibits the differentiation and effector
functions of type 2 cytokines secreting cells and can lead
to a dominant Th1 response17. The antigen presenting
cell (APC) -derived cytokine IL-12, strongly drives the
differentiation of type 1 cytokine secreting cells, in vivo
and in vitro, partly through its potent induction of IFN-γ
production17-20.

Table 3: Elispot results. Numbers of T cells secreting type 2 cytokines in the peripheral blood of OLP patients and control
group. Results are expressed as the number of cytokine producing cells/well (mean±S.E.M.).
OLP group

Control group

p

48.2 ± 4

88.2 ± 9

p<0.05

730 ± 100

1930 ± 290

p<0.05

IL-4 producing cells

117 ± 22

73.1 ± 11

p> 0.05

IL-6 producing cells

661 ± 95

804 ± 85

p> 0.05

IL-5 producing cells
IL-10 producing cells
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Table 4: ELISPOT results. Type 2 cytokine-producing cells from the peripheral blood of patients with reticular and erosive
OLP. Results are expressed as the number of cytokine producing cells/ well (mean ± S.E.M.).
Reticular OLP group

Erosive OLP group

p

IL-5 producing cells

51.4 ± 7.2

45.8 ± 5.3

p> 0.05

IL-10 producing cells

529 ± 140

878 ± 160

p> 0.05

IL-4 producing cells

141 ± 37

114 ± 46

p> 0.05

IL-6 producing cells

610 ± 140

712 ± 150

p> 0.05

No statistical difference was observed in the numbers
of IL-2 and TNF-a producing cells in the peripheral blood
of patients with OLP compared with the control group.
However a slight not statistically important decrease in
the numbers of IL-2 and TNF-a producing cells was observed in the peripheral blood of patients with OLP. IL-2
is produced by T cells and acts as a growth factor for
antigen-stimulated T lymphocytes. It is also responsible
for T cell clonal expansion after antigen recognition21-23.
IL-2 also regulates IFN-γ production by T cells24. Moreover, TNF-a is produced from macrophages, T cells and
other types of cells when stimulated with IL-2, GM-CSF
or TNF-a itself25. A possible explanation for the observed
decreased number of type 1 cytokine producing cells in
the peripheral blood of OLP group could be a deficiency
at the level of co-operation between antigen-presenting
cells (APCs) and T lymphocytes via MHC class II antigens and antigen/T cell receptor (TCR).
The decreased number of cytokine producing cells
in peripheral blood in OLP group indicates an impairment of their effector functions. Although ineffective
in peripheral blood lymphocytes of OLP patients have
been described, the etiologic significance remains
unclear26. Yamamoto et al11 have suggested that OLP
patient’s lymphocyte and neutrophil functions are impaired and that cellular immunosuppression is a pathologic characteristic of OLP. Previous studies demonstrated reduced spontaneous lymphocyte proliferation
and lower IFN-γ secretion and MHC locus II antigen
expression in OLP patients compared with controls8,9.
Their results suggest a defect in OLP T cell activation
localized between IL-2 receptor ligand binding and
IFN-γ secretion.
Reduced mitogen-stimulated lymphocyte proliferation has also been reported but not in all OLP
patients9,10,27. Furthermore, IL-2, IFN-γ and TNF-a
production from PHA stimulated peripheral blood
lymphocytes was found to be decreased in OLP patients compared to the control group27. Administration of phytohaemagglutinin (PHA) in low doses, re-

stored OLP T cell proliferative response and cytokine
production to normal levels, suggesting that the defect could not be attributed to numerical differences
or deletion of T cell subsets but rather to T cell hyporesponsiveness 8,28.
Measurements in the serum of OLP patients in
some studies revealed that IL-2 levels were very low27,
while TNF-a and IFN-γ levels were found slightly increased27.
In our study, type 1 cytokine expression was tested
with Elispot assay exclusively in peripheral blood.
While OLP pathogenesis remains unclear, anti-keratinocytes auto-cytotoxic T cell clones in OLP lesions suggest a role for autoimmunity and cell-mediated cytotoxity
in OLP29. Khan et al30 suggest that the development of a
type 1 cytokine immune response in OLP lesions may
promote CD8+ cytotoxic T cell activity in OLP. Thus,
OLP may be considered as a hyper-reactive, immunostimulatory condition31.
Recent studies identified IFN-γ expression by T cells
adjacent to basal keratinocytes in oral LP and IFN-γ
production and secretion by oral LP lesional T cells in
vitro32,33. More IL-2 was generated by tissue infiltrated
mononuclear cells in OLP lesions (TIMC) compared to
TIMC in the gingiva and peripheral blood34.
In contrary, the results in our study have shown
decreased numbers of type 1 cytokine producing cells
in peripheral blood of OLP patients. It could be hypothesized that tissue-infiltrated mononuclear cells are
stimulated in situ and produce cytokines, that OLP is a
localized autoimmune disease and that the inflammatory
condition of OLP is determined by local cytokine network. The suppressed function of T helper cells in OLP
may indicate an inability to respond to the immune reaction following antigen recognition in OLP lesion. Even
though the proinflammatory cytokines – i.e. IFN-γ and
TNF-a- play an important role in tissue destruction in
autoimmune diseases35,36, several data suggest that they
can also activate homeostatic mechanisms to suppress
inflammation37,38. Previous studies have suggested that a

234

KALOGERAKOU F

defect in immunoregulation –specifically involving suppressor mechanisms- may facilitate cellular autoreactivity in OLP39,40.
Ragarding the role of type 2 cytokines, IL-10 is an
inhibitory cytokine, produced by T cells, macrophages/
monocytes, B cells, eosinophils, mast cells and keratinocytes41. The major physiologic roles of IL-10 include
limiting inflammation, preventing an overwhelming
immune response and supporting the humoral immune
response42,43. Previous studies suggest a crucial immunosuppressive role for IL-10, as the specific cytokine induces the differentiation of a subset of regulatory CD4+ T
cells (Tr1) that produce IL-10 and some IL-544,47. IL-5 is a
cytokine primarily involved in the pathogenesis of atopic
diseases and acts as a link between T cell activation and
eosinophilic inflammation47. In our study, the number of
IL-5 producing cells was significant decreased in OLP
group (p<0.05).
Furthermore, anti-keratinocytes auto-cytotoxic T cell
clones in OLP lesions suggest a role for autoimmunity
and cell-mediated cytotoxity in OLP48.
Therefore, the decreased number of IL-10 producing
cells in peripheral blood in OLP patients may indicate an
inability of the immune system to inhibit the cytotoxic
process following the antigen recognition in OLP lesions.
Previous studies have shown defective peripheral immune suppressor function in OLP49 and have suggested
that a defect in immunoregulation –specifically involving
suppressor mechanisms- may facilitate cellular autoreactivity in OLP40.
In addition, the number of IL-6 producing cells was
also found to be decreased in OLP patients, but non
statististically important (p>0.05). IL-6 may be produced by various activated cells, including monocytes,
macrophages, T cells and B lymphocytes IL-6 plays an
important role in acute phase response, in B cell differentiation and stimulation, in T cell growth and differentiation49-52. Previous studies have observed elevated
IL-6 serum levels in OLP patients which reflect the
chronic inflammatory nature of OLP. This could be due
to local and systemic production of IL-6 by many cell
types27,53. Moreover, Sun et al54 suggested that peripheral blood mononuclear cells and endothelial cells may
be the systemic cellular sources of IL-6. Even though
IL-6 plays an important role in acute phase reactions,
endogenous IL-6 plays a crucial anti-inflammatory role
in both local and systemic acute inflammatory responses
by controlling the level of proinflammatory type 1 cytokine55. Thus, the decreased number of IL-6 producing
cells in peripheral blood in OLP patients may indicate
suppression of peripheral immune response in OLP patients that finally allows the OLP inflammatory process
to proceed.
Even if the results in our study have shown decreased
number of cells producing the type 2 cytokines IL-10, IL5 and IL-6 in peripheral blood of OLP patients, the number of IL-4 producing cells was found increased in OLP
patients, although there was no statistical significance

(p>0.05). IL-4 is the principal cytokine that promotes the
development of type 2 cytokines secreting cells and stimulates B cell Ig heavy chain class switching to the IgE
isotype56,57. Few studies in OLP sera have shown a slight
increase of serum IL-4 levels or nearly the same levels
as the control group11,58. Although IL-4 is not strictly an
anti-inflammatory cytokine, in some cases it can regulate
autoimmunity by antagonizing the development of type
1 responses59.
The lack of difference in the number of cytokine type
1 and type 2 producing cells (IFN-γ IL-12, TNFα and
IL-10 IL-5, IL-4 and IL-6 respectively) suggests that the
same deficiency of the immune system can be expressed
with different clinical picture.
The decreased numbers of IFN-γ, IL-12, IL-2 and
TNF-a producing cells in OLP indicates suppressed function and down regulation of type 1 immune response.
Whether this alteration of the immune condition in OLP
patients participates to the pathogenic pathway of the disease, remains to be determined. As for type 2 cytokines,
the decreased number of the IL-10 producing cells in OLP
could not be able to inhibit the activation and expansion
of autoreactive lymphocytes and might allows cytotoxic
reaction to proceed in OLP lesion.
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