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Serotonin Expression in Lichen Planus Lesions and Its 
Relationship with Depression/Anxiety
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Background: Psychological factors such as stress, depres-
sion, and anxiety have been documented to contribute to the 
development of lesions in lichen planus (LP). Objective: To 
evaluate the relationship between serotonin expression in LP 
lesions and depression/anxiety. Methods: Forty patients (22 
females, 18 males) with LP and 20 healthy control subjects 
were included in this study. The severity of LP was assessed 
with the palmar method (using the measurement of affected 
body surface area [BSA]). The depression and anxiety scores 
were measured with Beck's depression inventory (BDI) and 
Beck's anxiety inventory (BAI). The expression of serotonin 
was determined via immunohistochemistry in LP lesions and 
in the control group skin using a monoclonal antibody to 
serotonin. Results: The skin biopsies of the LP patients had 
significantly higher levels of serotonin than those of the con-
trol subjects (p＜0.001). In the LP patients, and there was a 
positive correlation between serotonin expression and LP se-
verity (p=0.022). Based on the results from the BDI and BAI, 
there was a significant relationship between the severity of 
depression/anxiety and intensity of serotonin expression (p
＜0.001). Conclusion: Data from this study suggest that sero-
tonin may have a possible role in the pathogenesis of LP. 
Further, the relationship between serotonin expression in 

acute cutaneous lesions and the depression/anxiety scores 
indicates that serotonin may be a mediator for the association 
of LP and depression/anxiety simultaneously. There is a need 
for more specific studies showing the expression of serotonin 
in the lichen planus to demonstrate the cause or effect. (Ann 
Dermatol 31(2) 146∼153, 2019)
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INTRODUCTION

Lichen planus (LP) is a chronic inflammatory dermatosis of 
unknown etiology affecting the skin, mucosa, nails, and 
hair. T-lymphocyte-mediated delayed-type cellular immune 
response plays a major role in the pathogenesis of this dis-
ease1-5. Psychological factors such as stress, depression, and 
anxiety have been documented to contribute to the devel-
opment of lesions in LP. Along with genetic predisposi-
tion, depression and anxiety are well-known triggering 
factors at the onset and during the course of LP, as they al-
ter immune function6-8. The most widely accepted view in 
depression etiology is that depression reduces the effi-
ciency of noradrenaline and serotonin9,10. It has been sug-
gested that proinflammatory cytokines such as interleukin 
1β (IL-1β), IL-6, and tumor necrosis factor α (TNF-α) 
increase during major depression, and they may also 
cause major depression11. Further, it has been reported 
that depression can lead to immune hyperactivation, re-
sulting in an increase in Th1 cytokines12,13.
Some recent studies with immunohistochemical analysis 
have shown that serotonin expression was increased in 
the epithelial and adnexal structures in the lesions of 
chronic inflammatory skin disease, such as eczema and 
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psoriasis, compared to normal skin14,15. To our knowl-
edge, serotonin expression in LP has never been studied. 
Therefore, we aimed to determine the contribution of se-
rotonin in the pathobiology of LP by examining serotonin 
expression in the LP lesions and by evaluating the rela-
tionship between serotonin expression, the severity of LP, 
and Beck's depression inventory (BDI) and Beck's anxiety 
inventory (BAI) scores in patients with LP.

MATERIALS AND METHODS
Study groups

This study was conducted at Ankara Dışkapı Yıldırım Beyazıt 
Training and Research Hospital, Dermatology Clinic, be-
tween November 2013 and May 2014. Forty patients clin-
ically and histopathologically diagnosed with LP and 20 
healthy control subjects were enrolled. All of the patients 
were over 18 years of age. The patients were analyzed for 
dermatological symptoms. Approval for this project as 
well as written permission was obtained by the ethics 
committee of the hospital and from patients and control 
subjects, respectively (Ethic committee no. 11/15-11/11/ 
2013).
Patients were selected for this study using inclusion cri-
teria as follows: active lesions, no other major phys-
ical/psychiatric influential history that may affect the re-
sults of the BDI/BAI, no history for at least three months of 
any regular systemic therapy, no history for at least 3 
months of systemic LP therapy, and no history for at least 
1 month before the study of any LP topical treatment. 
Patients with only mucosal, scalp or nail complications or 
with erosive or severe oral LP were also excluded. The 
main reason for exclusion of these patients were: chron-
icity, severity, difficulty in the treatment of those types of 
LP. As the features mentioned above naturally raises the 
depression/anxiety scores of the study groups, they were 
not included in this study. The age and sex-matched 
healthy controls had no history of skin or psychiatric 
disorders.
Patients that met inclusion criteria for this project were in-
formed about the study. Nail, mucosal, and scalp involve-
ment were recorded, as was the severity of the LP. The se-
verity of the LP was assessed with the palmar method 
(using the measurement of affected body surface area 
[BSA]). Traditionally, the palmar surface area of hand has 
been evaluated to be one percent of total body surface 
area. Patients were classified into 3 groups based on BSA 
involvement (0%∼25%, 26%∼50%, and 51%∼75%). 
Other data were recorded, including age, gender, duration 
of disease, medical and family histories, clinical signs, age 
of disease onset, treatment and duration, depression/anxi-

ety presence, psychiatric history, and previous psychiatrist 
visits. All of the participants completed the BDI/BAI. Both 
the patient and control subjects were evaluated by the de-
partment of psychiatry, and scored with the following 
point system: 0∼13 with the BDI indicated no depres-
sion, 14∼19 mild depression, 24∼28 moderate depres-
sion, and ＞29 severe depression. According to the BAI 
point system, 0∼9 indicated no anxiety, 10∼16 mild anxi-
ety, 17∼29 moderate anxiety, and ＞30 severe anxiety.

Immunohistochemical staining

Serotonin expression was examined immunohistochemi-
cally in LP skin lesions and in control subjects. Four milli-
meter punch biopsies were formalin fixed (10%) and 
stained with hematoxylin and eosin. For staining, 3 mi-
cron sections were subjected to antigen-retrieval using a 
microwave oven (20 minutes at 100oC). Sections were 
placed in 3% hydrogen peroxide at room temperature for 
15 minutes to quench any endogenous peroxidases, and 
then washed in phosphate-buffered saline (PBS) for 5 min-
utes. A serotonin mouse monoclonal antibody (5HT-H209, 
Catalog Number: GTX31099; GeneTex Inc., Irvine, CA, 
USA) was diluted 1:20 and incubated with the sections for 
1 hour. Tissue sections were washed three times with PBS 
for 5 minutes, followed by peroxidase-conjugated strepta-
vidin complex incubation at room temperature for 15 min-
utes. The sections were incubated for 20 minutes in the 
chromogenic substrate 3,3’ diaminobenzidine. As a pos-
itive control, formalin-fixed and paraffin embedded nor-
mal appendix vermiformis samples were used. The stain-
ing results for serotonin expression in the epidermis, mon-
onuclear inflammatory cells, sebaceous glands, eccrine 
glands, and capillary endothelial cells were evaluated. 
Positive stained cells were scored by percentage and in-
tensity in the epidermis, and only for intensity in the seba-
ceous glands, eccrine glands, and capillary endothelial 
cells. For staining intensity, the following four-point scale 
was used: Grade 0, no staining (−); Grade 1, mild stain-
ing (+); Grade 2, moderate staining (++); and Grade 3, 
strong staining (+++).

Statistical analysis

Statistical evaluation was performed by SPSS version 11.5 
(SPSS Inc., Chicago, IL, USA). Differences in serotonin ex-
pression between the patients and controls were de-
termined with the chi-square test, while the Kruskal–
Wallis test was used for the affected BSA, the BDI/BAI 
scores, and other individual variables. Spearman correla-
tion coefficients were estimated to determine correlations 
between variables. A p-value of less than 0.05 was consid-
ered statistically significant.
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Table 1. Demographics and clinical features of LP patients

Variable
Mean±standard 

deviation
Number (%)

Age 48.6±15.6
Gender

Male 18 (45.0)
Female 22 (55.0)

Lesion location
Lower extremity 2 (5.0)
Trunk 2 (5.0)
Trunk+lower extremity 4 (10.0)
Trunk+upper extremity 8 (20.0)
Trunk+upper+lower extremity 4 (10.0)
Palmar 1 (2.5)
Upper extremity 9 (22.5)
Upper+lower extremity 10 (25.0)

Lesion morphology
Annular 1 (2.5)
Bullous 1 (2.5)
Guttate 3 (7.5)
Hypertrophic 1 (2.5)
Papular 34 (85.0)

Other involvement 14 (35.0)
Oral 5 (12.5)
Genital 3 (7.5)
Nail 9 (22.5)

Disease duration (mo)
0∼6 32 (80.0)
7∼12 6 (15.0)
＞12 2 (5.0)

BSA (%)
0∼25 29 (72.5)
26∼50 7 (17.5)
51∼75 4 (10.0)

Total 40 (100.0)

LP: lichen planus, BSA: body surface area.

Table 2. BDI and BAI values

BDI and BAI values LP (n=40) Controls (n=20) p-value

BDI mean 17.6±9.4 9.7±7.3 ＜0.001*
Depression presence 22 (55.0) 6 (30.0) 0.067
BAI mean 10.5±8.5 5.9±4.4 0.024
Anxiety presence 21 (52.5) 3 (15.0) 0.005

Values are presented as mean±standard deviation or number 
(%). BDI: Beck’s depression inventory, BAI: Beck’s anxiety inven-
tory, LP: lichen planus. *Statistically significant.

RESULTS

A total of 40 LP patients were enrolled in the study with 
22 female (55%) and 18 male subjects (45%). For the con-
trol group, there were 7 females (35%) and 13 males 
(65%). The mean ages of LP patients and controls were 
48.6±15.6 and 41.0±12.7 years, respectively. No sig-
nificant differences within groups based on gender and 
age were determined. 
The LP lesions were localized on the extremities of most 
patients, and papular lesions were the most common mor-
phological pattern. Of the patients, 35% also had extra-
cutaneous LP lesions. Duration of the disease was ≤6 
months in 80% of the patients. BSA was ＜25% in 72.5% 
of the patients. The detailed clinical characteristics of the 
LP patients are presented in Table 1.

The mean BDI and BAI scores of the LP patient group 
were 17.6±9.4 and 10.5±8.5, respectively, while they 
were 9.7±7.3 and 5.9±4.4 in the control group (Table 2); 
these differences were significant (BDI, p＜0.001; BAI, 
p=0.024). When all were assessed for the prevalence of 
depression on BDI, 22 out of 40 patients (55%) and 6 out 
of 20 controls (30%) had depression. In addition, the LP 
group had more depression in numbers than did the con-
trol group, but no significance was determined (p=0.067). 
Further, the presence of anxiety was higher in LP patients 
than the control group (p=0.005). According to BAI 
scores, 21 out of 40 patients (52.5%) and 3 out of 20 con-
trols (15%) had anxiety respectively.
According to the BDI scores, 6 of the LP patients had se-
vere depression, 13 had moderate depression, 3 had mild 
depression, and 18 did not have depression. Anxiety was 
detected in 21 LP patients and in 3 controls (Fig. 1). Based 
on the BDI and BAI scores, LP patient depression and 
anxiety levels were higher compared to controls (BDI, 
p=0.034; BAI, p=0.008). 
Of the biopsy specimens in the LP group, 31 (77.5%) 
were positive for serotonin. Three of these (7.5%) had a 
grade 3 staining intensity, 13 (32.5%) were grade 2, and 
15 (37.5%) were grade 1. Only three (15%) specimens in 
the control group stained positive for serotonin, and all of 
these were grade 1. The intensity of serotonin staining was 
significantly higher in the LP tissue compared to controls 
(p＜0.001, Table 3). Moderate and strong serotonin ex-
pression (grades 2 and 3) was detected in the inflam-
matory cells, eccrine glands, and capillary endothelial 
cells in the LP group; the control group had no moderate 
or severe staining (Table 4, Fig. 2, 3).
Data showing the relationship between the severity of LP 
and the intensity of serotonin expression is presented in 
Table 5. There was a positive association with serotonin 
expression in the lesional skin of LP and affected body sur-
face area (p=0.022). Patients with 51%∼75% BSA had 
higher serotonin expression in the tissue than those who 
had 0%∼25% BSA (p＜0.001). However, no substantial 
difference in serotonin expression was determined in pa-



Serotonin Expression in Lichen Planus

Vol. 31, No. 2, 2019 149

Fig. 1. (A) BDI values, (B) BAI values. BDI: Beck’s depression inventory, BAI: Beck’s anxiety inventory, LP: lichen planus.

Table 3. The intensity of serotonin staining in the tissue of patient
and control groups

LP (n=40) Control (n=20) p-value

Serotonin staining intensity ＜0.001*
Grade 0  9 (22.5)  17 (85.0)
Grade 1 15 (37.5)  3 (15.0)
Grade 2 13 (32.5) -
Grade 3  3 (7.5) -

Values are presented as number (%). LP: lichen planus. Grade 
0: no staining (−), Grade 1: mild staining (＋), Grade 2: 
moderate staining (＋＋), Grade 3: strong staining (＋＋＋). 
*Statistically significant.

Table 4. The serotonin expression areas in the skin of patient 
and control groups

Layers of the skin LP Control

Stratum corneum − −
Stratum granulosum − −
Basal cell layer − −
Inflammatory cell ＋ −
Eccrine gland ＋ ＋

Sebaseous gland − −
Collagen fibers − −
Capillary endothelial cell ＋ −

LP: lichen planus, −: not available, ＋: available.

tients with 0%∼25% BSA and 26%∼50% BSA (p=0.060), 
or between patients with 26%∼50% BSA and 51%∼75% 
BSA (p=0.099).
Data showing the relationship between serotonin expression 
intensity and the presence of depression and anxiety 
(based on BDI/BAI scores) is summarized in Table 6. Sero-
tonin expression was positive in all subjects with LP and 
depression. The intensity of serotonin expression was high-
er in LP patients with depression and anxiety than those 
without (p＜0.001). Furthermore, a significant correlation 
between the severity of depression/anxiety and serotonin 
staining intensity in the LP patient group was determined 
(p＜0.001).

DISCUSSION

In our study, we investigated if there is a relationship be-
tween serotonin expression and depression/anxiety se-
verity in LP patients. We found that the mean BDI and BAI 
scores of LP patients were higher than the control group. 
The intensity of serotonin staining was significantly higher 

in LP tissue compared to control. There was a positive as-
sociation with serotonin expression and severity of LP. 
Furthermore, a significant correlation between the severity 
of depression/anxiety and serotonin staining intensity in 
LP patients was determined.
While the etiology of LP has not been fully elucidated, 
various infectious, genetic, immunological, and psycho-
genic factors are thought to be possible causes5,6,8. Recent 
studies have focused on psychological factors (e.g., stress, 
depression and anxiety) in the development of lesions in 
LP, which is a psychodermatologic disease. Most of these 
reports have studied oral lichen planus, and the results are 
controversial16-25. 
Some recent immunohistochemical studies have shown 
that compared to normal skin, the expression of serotonin 
and its receptors in epithelial and adnexal structures was 
increased in the lesions of those with chronic inflam-
matory skin disease, including psoriasis, chronic eczema, 
allergic contact dermatitis, and atopic dermatitis14,15,26-30. 
To our knowledge, our current study is the first to inves-
tigate serotonin expression in the lesions of LP. Results in-
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Fig. 2. Serotonin expression in the 
eccrine glands of lichen planus 
lesions (serotonin mouse monoclo-
nal antibody, 10×20). (A) Grade 0, 
no staining (−); (B) Grade 1, mild 
staining (＋); (C) Grade 2, moderate
staining (＋＋); (D) Grade 3, strong 
staining (＋＋＋).

Fig. 3. Immunohistochemical sta-
ining of lichen planus lesions for 
serotonin. (A) Grade 2, moderate 
staining (＋＋). (B) Grade 3, strong 
staining (＋＋＋).

dicated that serotonin expression in the LP lesions was sig-
nificantly increased over that of normal skin in the control 
group. When all biopsy specimens were assessed for the 
serotonin staining, 31 out of 40 (77.5%) were serotonin 
positive in the LP patients group. Only 3 out of 20 (15%) 
specimens in the control group stained positive for sero-
tonin. Based on this result, we put forth that serotonin may 
be important in the development of LP lesions. 
Results of the present study revealed serotonin expression 
in inflammatory cells, eccrine glands, and capillary endo-
thelial cells, but not in epithelial structures. Only 3 of the 

specimens in the control group had positive serotonin 
staining in the eccrine glands, while 21 in the LP group 
were positive. While serotonin expression was positive in 
the inflammatory cells and capillary endothelial cells in 
the LP patient group, it was negative in these cells of the 
control group. These data indicate that serotonin may play 
a role in LP pathogenesis via the eccrine glands and in-
flammatory cells. In addition, serotonin can contribute to 
inflammation by altering capillary permeability. Similar to 
the results of our current study, Huang et al. observed 
stronger positive expression of serotonin in the adnexial 
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Table 6. The relationship between serotonin expression and the
presence of depression/anxiety according to BDI/BAI in patient 
and control groups 

Serotonin 
expression

No Presence

LP Control LP Control

BDI depression
Serotonin staining intensity
− 9 (50.0) 12 (85.8) - 5 (83.3)
＋ 9 (50.0) 2 (14.2) 6 (27.3) 1 (16.7)
＋＋ - - 13 (59.1) -
＋＋＋ - - 3 (13.6) -

BAI anxiety
Serotonin staining intensity
− 9 (47.4) 14 (82.4) - 3 (100)
＋ 8 (42.1) 3 (17.6) 7 (33.3)  -
＋＋ 1 (5.3) - 12 (57.1)  -
＋＋＋ 1 (5.3) - 2 (9.5)  - 

Values are presented as number (%). BDI: Beck’s depression 
inventory, BAI: Beck’s anxiety inventory, LP: lichen planus, -: 
not available. −: no staining, ＋: mild staining, ＋＋: moderate
staining, ＋＋＋: strong staining.

Table 5. Relationship between BSA and serotonin expression in
patients

Serotonin 
expression

BSA (%)

p-value0∼25 
(n=29) 

26∼50 
(n=7) 

51∼75 
(n=4) 

Serotonin staining 
intensity 

0.022*

− 8 (27.6) 1 (14.3) - 
+ 13 (44.8) 2 (28.6) - 
++ 7 (24.1) 3 (42.9) 3 (75.0) 
+++  1 (3.4) 1 (14.3) 1 (25.0) 

Values are presented as number (%). BSA: body surface area.
−: no staining, ＋: mild staining, ＋＋: moderate staining, ＋＋＋:
strong staining. *Statistically significant.

structures (e.g., sweat and sebaceous glands and hair fol-
licles) of psoriasis lesions compared to normal skin14. 
From these observations, the authors hypothesized that 
because adnexial structures all derive from epithelial cells, 
the expression of serotonin in these cells is similar to that 
in epithelial cells. We suggest that serotonin is important 
in the pathogenesis of LP by affecting both the in-
flammatory and capillary endothelial cells. In addition, 
sweat glands may also be involved in this process, al-
though through an unknown mechanism.
Studies investigating the relationship between serotonin 
and inflammation have reported that serotonin increases T 
lymphocyte proliferation and the production of IL-6 and 
TNF-α by different receptors31-33. Further, dermal injection 
of serotonin can initiate a delayed-type hypersensitivity 
immune response by causing CD4+ T lymphocyte activa-
tion and collection27. Serotonin can be synthesized by 
monocytes and lymphocytes, and therefore, cytokine pro-
duction from these cells causes it to have autocrine func-
tions; for example, IL-1β increases serotonin re-uptake in-
to the cells and also increases the levels of mRNA and 
proteins in the serotonin reuptake system32. We believe 
that our data support these previously published data, and 
hypothesize that increased serotonin expression in inflam-
matory cells may lead to the production of proinflam-
matory cytokines. Further, this increased serotonin ex-
pression may be important in the pathogenesis of LP, 
which is a disease impacted by T-cells. Experimental stud-
ies have shown that 5-HT2 antagonists inhibit delayed- 
type hypersensitivity, and that 5-HT1 antagonists inhibit 
the synthesis of Th1 cytokines32. It has also been shown 
that 5-HT2 antagonists inhibit the synthesis of TNF-α and 
interferon-γ34. We believe that serotonin antagonists may 
be an effective treatment for LP lesions, and that the devel-
opment of topical serotonin antagonists will significantly 

contribute to the treatment of LP. Abovementioned local 
inflammatory mechanisms may induce pruritus in cuta-
neous lesions of LP. However, the underlying mechanisms 
of itch in LP remain still unknown. Proinflammatory cyto-
kines such as IL-31, TNF-α, proteases from apoptotic cells, 
some members of toll-like receptors family, opioid system, 
and serotonin are possible mediators implicated to trans-
mit or modulate itch35. Itch is the most unpleasant and 
bothersome symptom of LP for majority of patients in the 
study. The relationship between pruritus and serotonin ex-
pression can be investigated by using an itch scala.
In our current study, serotonin expression in lesional skin 
was significantly more prominent in patients with depres-
sion and anxiety than those without. Further, the amount 
of serotonin positivity was significantly increased with in-
creasing depression/anxiety scores from the BDI/BAI. To 
our knowledge, the relationship between serotonin ex-
pression and depression/anxiety has not yet been inves-
tigated in any dermatological disease. Our study is the first 
to examine the relationship between serotonin expression 
in LP lesions and depression/anxiety scores. However, we 
could not fully analyze the relationship between serotonin 
expression and depression/anxiety scores in the control 
group because of the sample size. We hope that this study 
will inspire others to conduct larger studies on this topic. 
The activation of the stress-induced hypothalamus pitui-
tary axis causes increased glucocorticoid levels, and there-
fore, higher levels of serotonin in the circulation. Serotonin 
contributes to delayed-type hypersensitivity by increasing 
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both T lymphocyte proliferation and the production of 
proinflammatory cytokines. Increased proinflammatory cy-
tokines in the circulation leads to decreased levels of sero-
tonin; this is because cytokines increase the degradation 
and reuptake of serotonin in the presynaptic space in the 
central nervous system11,32-34. The increased tissue ex-
pression of serotonin in patients with depression/anxiety 
may be due to the movement of serotonin from the circu-
lation to the skin by an unknown mechanism, or by the 
augmented synthesis of serotonin in the skin, which may 
be caused by increased cytokines in depression. In our 
current study, there was a significant correlation between 
depression/anxiety scores and the expression of serotonin 
in the tissue, which supports this hypothesis. 
Several studies have shown that psychological factors in-
cluding anxiety/depression/stress play a role in LP. Chronic 
inflammatory diseases such as psoriasis and atopic derma-
titis are examples of diseases with disrupted stabilization 
of the neuro-immuno-cutaneous system (NICS). It has been 
suggested that inflammation may cause disturbances in 
the NICS, which may further induce inflammation and in-
crease serotonin expression; this may trigger T-cell medi-
ated inflammation, which plays a role in the pathogenesis 
of LP. The same triggering factor may cause imbalances in 
the NICS and lead to depression, or on the other hand, de-
pression may cause inflammation in the skin through me-
diators such as serotonin. The prevalence of depression 
and anxiety in oral LP patients is well known. The data 
from this study have revealed a relationship between sero-
tonin expression in acute cutaneous lesions and the de-
pression/anxiety scores of LP patients, therefore suggesting 
a possible role of serotonin in the pathogenesis of LP, 
which is a psychodermatologic disorder. Moreover, sero-
tonin may play a mediator role in the pathogenesis of both 
LP lesions and depression simultaneously. We suggest that 
modulation of serotonin levels and treatment of depres-
sion/anxiety may lead to a novel therapeutic pathway for 
reducing inflammation in LP.
Our current study has some limitations. First, this is a 
cross-sectional study, and therefore, the associations can 
be interpreted either as causes or consequences. Second, 
this study has a small sample size, and therefore, these re-
sults need to be substantiated in a bigger sample population. 
Further, the relationship between serotonin and itching 
should be determined with an itch scale. Overall, future 
investigations are necessary to support the results of this 
study and to explain the relationship between serotonin 
expression and LP.
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