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Abst rac t
Introduction: Lichen planopilaris (LPP) is an inflammatory, primary scarring alopecia, however its pathogenesis 
is not completely elucidated. S100A7 is a multifunctional, antimicrobial protein with proinflammatory properties. 
Interleukin-17 (IL-17) is implicated in the development of various autoimmune skin diseases.
Aim: To determine the tissue expression of S100A7, S100A4 and IL-17 in LPP. 
Material and methods: The immunohistochemical analysis was performed on biopsy specimens obtained from 
individuals with histologically confirmed lichen planopilaris (n = 23), alopecia areata (AA) (n = 11), and healthy con-
trols (n = 14). The expression was evaluated using Zeiss Axio Imager A2 light microscope. 
Results: The number of cells showing S100A7 expression was significantly higher in LPP lesional skin compared to 
AA lesional skin (p = 0.0002) and normal skin of healthy controls (p < 0.0001). The number of cells showing IL-17 
expression was significantly higher in LPP lesional skin compared to normal skin of healthy controls (p < 0.0001) 
and the number of cells showing IL-17 expression was significantly higher in AA lesional skin compared to normal 
skin of healthy controls (p < 0.0001). The number of cells showing IL-17 expression was not significantly different 
in LPP lesional skin and in AA lesional skin (p > 0.05). The number of cells showing S100A4 expression was not 
significantly different in LPP lesional skin, AA lesional skin and in normal skin of healthy controls. 
Conclusions: The results of our study suggest the possible role of S100A7 and IL-17 in the pathogenesis of LPP.
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Introduction

Diseases of the scalp related to hair loss are a com-
mon problem in the population, significantly affecting 
the quality of life. There are two types of alopecia: scar-
ring and non-scarring. Among patients suffering from 
scarring hair loss, one of the largest group comprises 
patients with lichen planopilaris (LPP), which is a cause 
of alopecia in about 1.25% of patients. Frontal fibrosing 
alopecia (FFA) is currently considered a clinical variant of 
LPP sharing some similar histopathologic findings [1–4]. 
A common cause of non-scarring alopecia is alopecia 
areata (AA), which estimated prevalence is about 0.1 to 
0.2% in the general population [5]. 

LPP is a primary lymphocytic scarring alopecia, char-
acterized by a chronic lymphocytic infiltrate that destroys 
hair follicles. Various studies have indicated that LPP 
seems to be a hair-specific autoimmune disease, where 
activated T lymphocytes are directed against unknown 

follicular antigen. Both primary and acquired immune re-
sponses are involved in the pathogenesis of this disease. 
However, the pathogenesis of LPP remains not complete-
ly elucidated and this disease still represents a therapeu-
tic challenge [6–10]. 

S100 proteins constitute a family of calcium-bind-
ing, low molecular weight (9–13 kDa) molecules that are 
engaged in the control of a wide range of intra- and 
extracellular functions [11]. Some of S100 proteins may 
act as damage-associated molecular pattern (DAMP) 
– alarmins with the ability to induce proinflammatory 
responses and provoking autoimmune diseases. Re-
cently, it has been suggested that some of these pro-
teins may play an important role in the pathogenesis of 
chronic immune-mediated inflammatory skin diseases 
[12–14]. S100A7 (psoriasin), one of the members of the 
S100 protein family, is encoded by genes located in ep-
idermal differentiation complex (EDC) on chromosome 
1q21 and is comprised of two calcium-binding sites 
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Material and methods

Study group

The study group consisted of 23 individuals with clini-
cally suspected and histologically confirmed LPP. Among 
those subjects, 14 patients had histologically confirmed 
classical LPP, and 9 patients had histologically confirmed 
FFA. The duration of the disease was several months 
(mean: 10.1 ±22.3 months). The biopsy specimens were 
obtained from LPP lesional skin. Biopsy specimens ob-
tained from individuals with clinically and histologically 
confirmed AA (n = 11) served as a comparator. The pa-
tients did not receive any topical treatment or any sys-
temic treatment at least 4 weeks before biopsy. Exclusion 
criteria included other skin diseases, neoplasms, other 
chronic immune-mediated inflammatory diseases, chron-
ic or acute uncontrolled conditions. Biopsy specimens 
of normal skin taken from healthy, age- and gender-
matched individuals during plastic surgery procedures 
served as controls (n = 14). The characteristics of the 
study group are presented in Table 1. 

Tissue expressions of S100A7, S100A4, IL-17

The tissue expressions of S100A7, S100A4 and IL-17 
were assessed with an immunohistochemical method. 
The immunohistochemical reactions was performed 
on 4 µm-formalin-fixed and paraffin-embedded (FFPE) 
biopsy specimens using mouse anti-human psoriasin 
(S100A7) monoclonal antibodies (catalogue number 
ab13680; Abcam, UK), mouse anti-human S100A4 
monoclonal antibody (catalogue number ab218512; Ab-
cam, UK), mouse anti-human IL-17 polyclonal antibodies 
(catalogue number PA1-84183; Invitrogen, USA) accord-
ing to the manufacturer’s protocol, with positive and 
negative control stainings. Detection was performed 
on the platform Dako using the Dako RDS AP kit (Dako 
Real Detection System Alkaline Phosphatase Real Rab-
bit/Mouse, catalogue number K5005). The prepara-
tions were assessed using Zeiss Axio Imager A2 light 
microscope with video track and Zeiss AxioVision soft-
ware. The expression was considered as positive when 
the membrane or cell cytoplasmic immunoreactivity 
was observed. Positively stained cells were counted in  
10 fields of view for each specimen preparation at 200× 
magnification, and the mean value for each preparation 
was calculated.

of the helix-loop-helix (‘EF-hand type’) conformation. 
S100A7 is an antimicrobial protein (AMP) with proin-
flammatory properties. S100A7 was first identified as 
overexpressed by keratinocytes in psoriatic lesions, 
hence it was named “psoriasin” [14–17]. Apart from its 
role in psoriasis, an overexpression of S100A7 was also 
found in other inflammatory skin diseases with epider-
mal abnormalities such as lichen planus, Darier’s dis-
ease and hidradenitis suppurativa [11, 18, 19]. S100A7 
has been shown to act as a chemoattractant for leu-
kocytes. It stimulates skin cells such as keratinocytes 
for increased production of proinflammatory mediators 
combining innate and adaptive immune mechanisms 
[17, 20]. S100A4 (also known as metastasin, calvasculin 
or fibroblast-specific protein 1) is another member of 
the S100 protein family. It was first described to be in-
volved in induction and promotion of tumour metasta-
sis. However, it has also been proven that apart from its 
function in cancer progression and metastasis, S100A4 
is implicated in the pathophysiology of fibrotic, auto-
immune inflammatory disorders. Recent studies have 
indicated the involvement of S100A4 in the pathogene-
sis of several diseases such as systemic sclerosis, hyper-
trophic scars or psoriasis. Therefore, S100A4 can serve 
as a competent biomarker for diagnosis and monitoring 
of fibrotic diseases [21–26].

IL-17 is an important proinflammatory cytokine 
whose role in the pathogenesis of various inflammatory 
diseases has been proven, it is now also known to be 
implicated in the development of various autoimmune 
skin diseases. The main production of IL-17 is carried out 
by T-helper (Th) 17 cells, however it is also produced by 
neutrophils, natural killer cells, mast cells and T regula-
tory (Treg) cells. IL-17 evokes cellular reactions in kerati-
nocytes, fibroblasts, neutrophils and endothelial cells. It 
is characterized by a proinflammatory activity with the 
ability to induce the expression of other proinflammatory 
cytokines and chemokines [5, 27–29].

Aim

The objective of this study was to evaluate the ex-
pression of S100A7, S100A4 and IL-17 in lesional skin ob-
tained from patients suffering from LPP as compared to 
lesional skin taken from patients with AA and to normal 
skin of healthy controls.

Table 1. The characteristics of the study group

Parameter Patients with LPP
(n = 23)

Patients with AA
(n = 11)

Healthy controls
(n = 14)

Age [years] (mean ± SD) 53.81 ±13.21  45.63 ±13.37 54.88 ±11.21

Gender (F/M): 16/7 7/4 10/4

Males 30.5% 36.4% 29%

Females 69.5% 63.6% 71%
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Statistical analysis 

The obtained results were subjected to statisti-
cal analysis. The Shapiro-Wilk normality test and Kol-
mogorov-Smirnov normality test were used to determine 
the normality of variable distribution. The differences be-
tween the groups were determined using Student’s t-test 
(for continuous variables showing normal distribution) or 
the Mann-Whitney U test (for continuous variables not 
showing normal distribution). The c2 test (with the Yates 
correction test) and the Fisher exact test were used to 
compare categorical variables. P-value < 0.05 was con-
sidered statistically significant. All statistical calculations 
were made using Graph Pad Prism version 5.01 software.

Results

Expression of S100A7

The quantitative evaluation of S100A7 expression in 
histological sections was presented as the mean num-
ber of positively stained cells in the field of view ± SD 
(Table 2). The number of cells showing S100A7 expression 
was significantly higher in LPP lesional skin as compared 
to AA lesional skin (p = 0.0002) and to normal skin of 
healthy controls (p < 0.0001) (Table 2). The expression of 
S100A7 in patients with AA and normal skin was relative-
ly low, present in upper layers of epidermis and in hair 
follicles (Figure 1). The number of cells showing S100A7 
expression was not significantly different in AA lesion-
al skin and normal skin (p > 0.05). In LPP lesional skin, 
S100A7 was expressed by keratinocytes in epidermis and 
in hair follicles. S100A7 was also expressed by cells with-
in the inflammatory infiltrate, mainly lymphocytes and 
other leukocytes (Figure 1). The number of cells show-
ing S100A7 expression was not significantly different in 
classical LPP (25.13 ±6.82) and its variant FFA (24.0 ±5.13)  
(p > 0.05). Representative immunohistochemical stain-
ings of S100A7 in LPP lesional skin, AA lesional skin and 
in normal skin of healthy controls is presented in Figure 1. 

Expression of IL-17

The quantitative evaluation of IL-17 expression in his-
tological sections was presented as the mean number of 
positively stained cells in the field of view ± SD (Table 2). 

The number of cells showing IL-17 expression was signifi-
cantly higher in LPP lesional skin as compared to normal 
skin of healthy controls (p < 0.0001). The number of cells 
showing IL-17 expression was not significantly different 
in classical LPP (91.92 ±13.9) and its variant FFA (88.36 
±6.8) (p > 0.05). In LPP lesional skin, IL-17 was expressed 
in keratinocytes in epidermis and in hair follicles as well 
as by cells within the inflammatory infiltrate, mainly lym-
phocytes and other leukocytes (Figure 1). The number of 
cells showing expression of IL-17 in the normal skin was 
relatively low. The number of cells showing IL-17 expres-
sion was significantly higher in AA lesional skin as com-
pared to normal skin of healthy controls (p < 0.0001). 
Representative immunohistochemical stainings of IL-17 
in LPP lesional skin, AA lesional skin and in normal skin 
are presented in Figure 2. 

Expression of S100A4

The quantitative evaluation of S100A4 expression in 
biopsy specimens was presented as the mean number of 
positively stained cells in the field of view ± SD (Table 2).  
The number of cells showing S100A4 expression was not 
significantly different in LPP lesional skin, AA lesional 
skin and in normal skin from healthy controls. In lesional 
skin of LPP, the number of S100A4 expressing cells was 
relatively low. Representative immunohistochemical 
stainings of S100A4 in LPP lesional skin, AA lesional skin 
and in normal skin of healthy controls are presented in 
Figure 3.

Discussion

Although numerous studies indicate a fairly high 
prevalence of LPP in the population, little is known about 
its pathogenesis and the exact cause of this disease re-
mains to be elucidated [30, 31]. LPP seems to be one of 
T-cell-mediated autoimmune diseases, with the involve-
ment of innate and acquired immune responses [6, 8, 9]. 
Histologically LPP and its variant FFA are characterized by 
an inflammatory infiltrate composed predominantly of 
lymphocytes, located between the follicular epithelium 
and the dermis, with the involvement of the isthmus and 
infundibulum of the hair follicles and reduced number of 
hair follicles. Other histopathological findings are hyper-

Table 2. The quantitative evaluation of S100A7, S100A4, IL-17 expression in LPP lesional skin, AA lesional skin and 
normal skin of healthy controls (values expressed as the mean number of positively stained cells ± SD)

Parameter LPP 
(n = 23)

AA 
(n = 12)

Normal skin
(n = 14)

P-value
(LPP vs. AA)

P-value
(LPP vs. normal skin)

S100A7
mean ± SD

24.62 ±6.04 17.67 ±3.46 15.15 ±2.67 *0.0002 *< 0.0001

S100A4
mean ± SD

21.62 ±4.93 20.73 ±5.27 18.93 ±2.52 > 0.05 > 0.05

IL-17
mean ± SD

90.57 ±11.33 91.42 ±11.85 32.25 ±7.86 > 0.05 *< 0.0001
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keratosis of interfollicular epidermis, follicular plugging, 
perifollicular fibrosis in the external root sheath [32–34]. 
The alteration of scalp microbiota has been recently re-
ported in LPP. Skin microbiota by regulation of the expres-
sion of antimicrobial proteins on keratinocytes and other 
cells may influence the immune response [35]. 

S100A7 is a multifunctional, antimicrobial protein 
with proinflammatory properties. It was first identified 
as overexpressed in psoriatic skin lesions. In normal 
skin, expression of S100A7 is low and restrained to the 
hair follicles and granular/cornified layers of the inter-
follicular epidermis. In psoriatic lesions, S100A7 is over-
expressed by keratinocytes and infiltrating leukocytes 
[11, 14–17, 36]. In the current study, we investigated the 
expression of S100A7 using an immunohistochemical 
assay in biopsy specimens from lesional skin obtained 
from individuals with histologically confirmed LPP. To 
the best of our knowledge, this is the first study in-
vestigating the expression of S100A7 in LPP. We found 
a significantly higher number of cells showing S100A7 
expression in lesional skin taken from patients with LPP 
as compared to lesional skin taken from patients with 
AA and to normal skin of healthy controls. S100A7 was 
overexpressed by keratinocytes in interfollicular epi-

dermis and in hair follicles. S100A7 was also present in 
the dermal inflammatory infiltrate. It has been shown 
that some proinflammatory factors, including bacterial 
products or proinflammatory cytokines such as TNF-α, 
IL-17 and IL-22 are potent to induce overexpression of 
S100A7 in the skin [14, 15, 20, 37]. The role of the dysbio-
sis of skin microbiota on the modulation of the innate 
and adaptative immune response and the development 
of autoimmune diseases is suggested [14, 35]. S100A7, 
overexpressed in the skin, acts as DAMP – alarmin and 
primes keratinocytes for enhanced production of proin-
flammatory cytokines and chemokines, including TNF-α, 
IL-6, IL-8 [20]. At the same time S100A7 has the ability to 
function as a chemotactic agent for leucocytes and to 
attract lymphocytes and neutrophils to the site of inflam-
mation [17]. S100A7-dependent signalling is mediated 
through the multiligand receptor for advanced glycated 
end products (RAGE). S100A7-RAGE interactions activate 
multiple intracellular signalling pathways, including sig-
nal transducer and activator of transcription 3 (STAT3), 
nuclear factor kappa-light-chain-enhancer of activated B 
cells (NF-kB) and activator protein 1 (AP-1) resulting in 
increased expressions of proinflammatory cytokines and 
cellular adhesion molecules [14, 17]. The results of our 

Figure 1. Representative immunohistochemical stainings of 
S100A7 in LPP lesional skin (A), AA lesional skin (B), normal 
skin (C)

A B

C
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Figure 2. Representative immunohistochemical stainings of 
IL-17 in LPP lesional skin (A), AA lesional skin (B), normal 
skin (C)

A B

C

study may point toward the involvement of S100A7 in the 
pathogenesis of LPP.  

S100A4 has been shown to be involved in the patho-
physiology of autoimmune and fibrotic disorders. Various 
studies have pointed out the involvement of S100A4 in 
pathogenesis of several diseases [22, 23, 25]. The immu-
nohistochemical examination of psoriasis lesional skin 
biopsies revealed significant upregulation of S100A4 
in the upper dermal part of lesional skin [25]. Also in-
creased expression of 100A4 protein was found in the 
lesional skin of patients with systemic sclerosis [24]. 
LPP is a cause of scarring hair loss [3]. To the best of our 
knowledge, in the current study we investigated, for the 
first time, expression of S100A4 in LPP lesional skin sam-
ples. We did not find any significant differences between 
the expression of S100A4 in LPP lesional skin as com-
pared both to AA lesional skin and normal skin. Further 
research is required to assess the involvement of S100A4 
in the pathogenesis of LPP.

IL-17 is a proinflammatory cytokine. It is involved in 
the defence mechanism against pathogens through pro-
duction of various chemokines, cytokines and antimicro-
bial proteins but also promotes inflammation. IL-17 has 
the ability to attract neutrophils and macrophages to the 
inflammation site thus triggering an excessive immune 

response and leading to the development of inflammato-
ry and autoimmune diseases [38]. Żychowska et al. have 
indicated a significantly higher number of cells showing 
IL-17 expression in patients with cutaneous lichen planus 
compared to normal skin [28]. The pathophysiology of 
lichen planopilaris is not fully understood but is probably 
related to the cause of lichen planus [39]. In our study, 
we showed increased expression of IL-17 in LPP lesional 
skin as compared to AA lesional skin and normal skin. 
IL-17 was overexpressed in the inflammatory infiltrate 
and in the epidermis. IL-17 may act on keratinocytes and 
activate these cells for increased production of proin-
flammatory and chemotactic factors, enhancing an in-
flammatory loop [27, 29]. Our results are consistent with 
previous, recently published studies. Shahidi Dadras et al.  
have shown that the average number of IL-17+ cells was 
significantly higher in LPP compared to controls [40]. 
Another study of Miteva et al. has revealed increased 
expression of IL-17 in the perifollicular fibrosis of the af-
fected follicles in LPP when compared to controls [41]. 
These results highlight the possible role of IL-17 in the 
pathogenesis of LPP. AA is thought to be a disease of 
a multifactorial aetiology, where immunologic, genetic 
and environmental factors are involved. It has been indi-
cated that AA is an autoimmune T-cell-mediated disease 



Advances in Dermatology and Allergology 4, August/2024

Increased expression of psoriasin (S100A7) and interleukin 17 (IL-17) in lesional skin in lichen planopilaris

369

with the involvement of some proinflammatory cytokines 
such as IL-1β, IL-15, IFN-γ, and TNF-α. Histologically, alo-
pecia areata is characterized by the presence of lympho-
cytic infiltrate surrounding the bulb of the hair follicles 
[5, 42]. In the current study we investigated for the first 
time expression of S100A7 and S100A4 in AA lesional 
skin. However, we did not find any difference in the ex-
pression of these molecules in AA lesional skin as com-
pared to normal skin of healthy controls. The expression 
of S100A7 was significantly lower in AA lesional skin as 
compared to LPP lesional skin. There are several studies 
addressing the role of IL-17 in the pathogenesis of alope-
cia areata. The majority of them focuses on the assess-
ment of serum levels of interleukin-17 in patients with 
AA [43–46]. In a recent study, Tomaszewska et al. have 
indicated an elevated serum level of IL-17 in patients di-
agnosed with alopecia areata [43]. Nevertheless, in the 
literature there are also reports on the increased IL-17 
expression in tissue samples obtained from patients with 

AA. Elela et al. showed that levels of IL-17 in skin biopsies 
were significantly higher in AA patients in comparison 
to controls [47]. Tanemura et al. found significantly in-
creased immunoexpression of IL-17 in the dermis, par-
ticularly around hair follicles in lesional skin of patients 
with AA compared to healthy controls [48]. The results of 
our study are consistent with previous reports. We found 
significantly increased expression of IL-17 in AA lesional 
skin as compared to normal skin.

Conclusions

In the current study we showed, for the first time, 
the increased expression of S100A7 in LPP lesional skin, 
which may point towards an involvement of this mole-
cule in the pathogenesis of LPP. Further, the results of our 
study highlight the possible role of IL-17 in the pathogen-
esis of LPP. Results of our study may help to develop new 
therapeutic methods for patients with LPP.

Figure 3. Representative immunohistochemical stainings of 
S100A4 in LPP lesional skin (A), AA lesional skin (B), normal 
skin (C)

A B

C



Advances in Dermatology and Allergology 4, August/2024370

Agnieszka Otlewska-Szpotowicz, Wojciech Baran, Zdzisław Woźniak, Jacek Szepietowski, Aleksandra Batycka-Baran

Funding

This project was supported by a scientific grant of the 
Wrocław Medical University (STM.C260.20.087).

Ethical approval

The study was performed in accordance with the Dec-
laration of Helsinki and was approved by the Bioethics 
Committee Wroclaw Medical University (654/21).

Conflict of interest

The authors declare no conflict of interest.

References

1. Lin J, Saknite I, Valdebran M, et al. Feature characterization 
of scarring and non-scarring types of alopecia by multipho-
ton microscopy, Lasers Surg Med 2019; 51: 95-103.

2. Alessandrini A, Bruni F, Piraccini BM et al. Common causes 
of hair loss – clinical manifestations, trichoscopy and thera-
py. J Eur Acad Dermatol Venereol 2021; 35: 629-40.

3. Meinhard J, Stroux A, Lünnemann L, et al. Lichen planopila-
ris: epidemiology and prevalence of subtypes – a retrospec-
tive analysis in 104 patients. J Dtsch Dermatol Ges 2014; 
12: 229-36.

4. Rácz E, Gho C, Moorman PW, et al. Treatment of frontal 
fibrosing alopecia and lichen planopilaris: a systematic re-
view. J Eur Acad Dermatol Venereol 2013; 27: 1461-70.

5. Ramot Y, Marzani B, Pinto D, et al. IL-17 inhibition: is it the 
long-awaited savior for alopecia areata? Arch Dermatol Res 
2018; 310: 383-90.

6. Svigos K, Yin L, Fried L, et al. A practical approach to the 
diagnosis and management of classic lichen planopilaris.  
Am J Clin Dermatol 2021; 22: 681-92.

7. Errichetti E, Figini M, Croatto M, et al. Therapeutic manage-
ment of classic lichen planopilaris: a systematic review. Clin 
Cosmet Investig Dermatol 2018; 11: 91-102.

8. Kang H, Alzolibani AA, Otberg N, et al. Lichen planopilaris. 
Dermatol Ther 2008; 21: 249-56.

9. Gautam RK, Singh Y, Gupta A, et al. The profile of cytokines 
(IL-2, IFN-γ, IL-4, IL-10, IL-17A, and IL-23) in active alopecia 
areata. J Cosmet Dermatol 2020; 19: 234-40.

10. Tavakolpour S, Mahmoudi H, Abedini R, et al. Frontal fibros-
ing alopecia: an update on the hypothesis of pathogenesis 
and treatment. Int J Womens Dermatol 2019; 5: 116-23.

11. Eckert RL, Broome AM, Ruse M, et al. S100 proteins in the 
epidermis. J Invest Dermatol 2004; 123: 23-33.

12. Bresnick AR. S100 proteins as therapeutic targets. Biophys 
Rev 2018; 10: 1617-29.

13. Donato R. Intracellular and extracellular roles of S100 pro-
teins. Microsc Res Tech 2003; 60: 540-51.

14. Wolf R, Ruzicka T, Yuspa SH. Novel S100A7 (psoriasin)/
S100A15 (koebnerisin) subfamily: highly homologous but 
distinct in regulation and function. Amino Acids 2011; 41: 
789-96.

15. Reithmayer K, Meyer KC, Kleditzsch P, et al. Human hair 
follicle epithelium has an antimicrobial defence system 
that includes the inducible antimicrobial peptide psoriasin 
(S100A7) and RNase 7. Br J Dermatol 2009; 161: 78-89.

16. Watson PH, Leygue ER, Murphy LC, et al. Psoriasin (S100A7). 
Int J Biochem Cell Biol 1998; 30: 567-71.

17. Wolf R, Howard OM, Dong HF, et al. Chemotactic activity of 
S100A7 (Psoriasin) is mediated by the receptor for advanced 
glycation end products and potentiates inflammation with 
highly homologous but functionally distinct S100A15. J Im-
munol 2008; 181: 1499-506.

18. Batycka-Baran A, Baran W, Nowicka-Suszko D, et al. Serum 
concentration and skin expression of S100A7 (Psoriasin) in 
patients suffering from hidradenitis suppurativa. Dermatol-
ogy 2021; 237: 733-9.

19. Gonzalez LL, Garrie K, Turner MD, et al. Role of S100 proteins 
in health and disease. Biochim Biophys Acta Mol Cell Res 
2020; 1867: 118677.

20. Hegyi Z, Zwicker S, Bureik D, et al. Vitamin D analog cal-
cipotriol suppresses the Th17 cytokine-induced proinflam-
matory S100 “alarmins” psoriasin (S100A7) and koebnerisin 
(S100A15) in psoriasis. J Invest Dermatol 2012; 132: 1416-24.

21. Gross SR, Sin CG, Barraclough R, et al. Joining S100 proteins 
and migration: for better or for worse, in sickness and in 
health. Cell Mol Life Sci 2014; 71: 1551-79.

22. Li Z, Li Y, Liu S, et al. Extracellular S100A4 as a key player in 
fibrotic diseases. J Cell Mol Med 2020; 24: 5973-83.

23. Ambartsumian N, Klingelhöfer J, Grigorian M, et al. The 
multifaceted S100A4 protein in cancer and inflammation. 
Methods Mol Biol 2019; 1929: 339-65.

24. Tomcik M, Palumbo-Zerr K, Zerr P, et al. S100A4 amplifies 
TGF-β-induced fibroblast activation in systemic sclerosis. 
Ann Rheum Dis 2015; 74: 1748-55.

25. Zibert JR, Skov L, Thyssen JP, et al. Significance of the S100A4 
protein in psoriasis. J Invest Dermatol 2010; 130: 150-60.

26. Schneider M, Hansen JL, Sheikh SP. S100A4: a common me-
diator of epithelial-mesenchymal transition, fibrosis and 
regeneration in diseases. J Mol Med (Berl) 2008; 86: 507-22.

27. Liu T, Li S, Ying S, et al. The IL-23/IL-17 Pathway in inflamma-
tory skin diseases: from bench to bedside. Front Immunol 
2020; 11: 594735.

28. Żychowska M, Batycka-Baran A, Baran W. Increased serum 
level and high tissue immunoexpression of interleukin 17 
in cutaneous lichen planus: a novel therapeutic target for 
recalcitrant cases. Dis Markers 2020; 2020: 6521274.

29. Michalak-Stoma A, Bartosińska J, Kowal M, et al. IL-17A in 
the psoriatic patients’ serum and plaque scales as potential 
marker of the diseases severity and obesity. Mediators In-
flamm 2020; 2020: 7420823. 

30. Porrińo-Bustamante ML, Fernández-Pugnaire MA, Arias-
Santiago S. Frontal fibrosing alopecia: a review. J Clin Med 
2021; 10: 1805.

31. Gilhar A, Etzioni A, Paus R. Alopecia areata. N Engl J Med 
2012; 366: 1515-25.

32. Poblet E, Jiménez F, Pascual A, et al. Frontal fibrosing alope-
cia versus lichen planopilaris: a clinicopathological study. Int 
J Dermatol 2006; 45: 375-80.

33. Cerqueira ER, Valente N, Sotto MN, et al. Comparative anal-
ysis of immunopathological features of lichen planopilaris 
and female patients with frontal fibrosing alopecia. Int J Tri-
chology 2016; 8: 197-202.

34. Tayyebi Meibodi N, Asadi Kani F, Nahidi Y, et al. Lichen plano-
pilaris: histopathological study of vertical sections of scalp 
biopsies in 44 patients. Iran Red Crescent Med J 2012; 14: 
501-2.

35. Pinto D, Calabrese FM, De Angelis M, et al. Lichen planopila-
ris: the first biopsy layer microbiota inspection. PLoS One 
2022; 17: e0269933.

36. Batycka-Baran A, Hattinger E, Zwicker S, et al. Leukocyte-
derived koebnerisin (S100A15) and psoriasin (S100A7) are 



Advances in Dermatology and Allergology 4, August/2024

Increased expression of psoriasin (S100A7) and interleukin 17 (IL-17) in lesional skin in lichen planopilaris

371

systemic mediators of inflammation in psoriasis. J Dermatol 
Sci 2015; 79: 214-21.

37. Xia C, Braunstein Z, Toomey AC, et al. S100 proteins as an 
important regulator of macrophage inflammation. Front Im-
munol 2018; 8: 1908.

38. Ge Y, Huang M, Yao YM. Biology of interleukin-17 and its 
pathophysiological significance in sepsis. Front Immunol 
2020; 11: 1558.

39. Assouly P, Reygagne P. Lichen planopilaris: update on diag-
nosis and treatment. Semin Cutan Med Surg 2009; 28: 3-10.

40. Shahidi Dadras M, Rakhshan A, Dadkhahfar S, et al. The 
role of interleukin-17 (IL-17) in the pathogenesis of discoid 
lupus erythematosus and lichen planopilaris: is immunohis-
tochemistry for IL-17 a promising way to differentiate these 
entities?. Int J Dermatol 2022; 61: 647-52.

41. Miteva M, Nadji M, Billero V, et al. IL-17 expression in the 
perifollicular fibrosis in biopsies from lichen planopilaris.  
Am J Dermatopathol 2022; 44: 874-8.

42. Dy LC, Whiting DA. Histopathology of alopecia areata, acute 
and chronic: why is it important to the clinician? Dermatol 
Ther 2011; 24: 369-74.

43. Tomaszewska KA, Kozłowska M, Kaszuba A, et al. Increased 
serum levels of interleukin-17 in patients with alopecia area-
ta and non-segmental vitiligo. Adv Dermatol Alergol 2022; 
39: 195-9.

44. Atwa MA, Youssef N, Bayoumy NM. T-helper 17 cytokines (in-
terleukins 17, 21, 22, and 6, and tumor necrosis factor-α) in 
patients with alopecia areata: association with clinical type 
and severity. Int J Dermatol 2016; 55: 666-72.

45. Bain KA, McDonald E, Moffat F, et al. Alopecia areata is char-
acterized by dysregulation in systemic type 17 and type 2 
cytokines, which may contribute to disease-associated psy-
chological morbidity. Br J Dermatol 2020; 182: 130-7.

46. Loh SH, Moon HN, Lew BL, et al. Role of T helper 17 cells and 
T regulatory cells in alopecia areata: comparison of lesion 
and serum cytokine between controls and patients. J Eur 
Acad Dermatol Venereol 2018; 32: 1028-33.

47. Elela MA, Gawdat HI, Hegazy RA, et al. B cell activating fac-
tor and T-helper 17 cells: possible synergistic culprits in the 
pathogenesis of alopecia areata. Arch Dermatol Res 2016; 
308: 115-21.

48. Tanemura A, Oiso N, Nakano M et al. Alopecia areata: infil-
tration of Th17 cells in the dermis, particularly around hair 
follicles. Dermatology 2013; 226: 333-6.


