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Summary
Background: Polymorphic light eruption (PLE) has been attributed to type IV, most 
likely delayed- type hypersensitivity response (adaptive immunity) but little is known 
on innate immunity, especially antimicrobial peptides (AMPs) in the disease. 
Abnormalities in AMP expression have been linked to pathological skin conditions 
such as atopic dermatitis (AD) and psoriasis.
Methods: Antimicrobial peptide profiling was carried out in PLE skin samples (n,12) 
compared with that of healthy (n,13), atopic (n,6), and psoriatic skin (n,6).
Results: Compared to healthy skin, we observed increased expression of psoriasin and 
RNAse7 (both mostly in stratum granulosum of the epidermis), HBD- 2 (in the cellular 
infiltrate of the dermis), and LL37 (mostly in and around blood vessels and glands) in 
PLE lesional skin, a similar expression profile as present in psoriatic skin and different 
to that of AD (with little or no expression of psoriasin, RNAse7, HBD- 2, and LL37). 
HBD- 3 was downregulated in PLE compared to its high expression in the epidermis 
and dermis of healthy skin, AD, and psoriasis.
Conclusion: The unique profile of differentially expressed AMPs in PLE implies a role 
in the pathophysiology of the disease, possibly directly or indirectly linked to the 
 microbiome of the skin.
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1  | INTRODUCTION

Ultraviolet radiation (UVR) results in local and systemic immunosup-
pression.1-4 This seems, on one hand, to be a crucial factor for skin can-
cer development, on the other, a lack of it might favor the occurrence of 
the most common photodermatosis polymorphic light eruption (PLE).5 
PLE occurs in roughly 10%- 20% of the population of the Western 
world, mostly among young women,6 and is commonly characterized 
by itchy skin lesions of varying morphology.5,7,8 It usually occurs during 

spring or early summer upon exposure to sunlight and the symptoms 
usually subside with repeated sunlight exposure due to continuous nat-
ural photo hardening9,10 as the summer progresses5 or after medical 
photo hardening.10,11 The exact etiology and pathogenesis of PLE still 
remain a mystery; however, resistance to UV- induced immunosuppres-
sion and type IV delayed- type hypersensitivity (DTH) to photo- antigens 
are believed to play a key role in the disease.5,12,13 The physiological 
occurrence of UV- induced immunosuppression may protect healthy 
subjects from symptoms of PLE by suppressing the immune reaction to 

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2017 The Authors. Photodermatology, Photoimmunology & Photomedicine Published by John Wiley & Sons Ltd

http://orcid.org/0000-0002-7161-7767
mailto:peter.wolf@medunigraz.at
http://creativecommons.org/licenses/by/4.0/


138  |     PATRA eT Al.

newly formed (photo) antigens12 probably due to regulatory T cells,14,15 
whereas in PLE prone subjects, a failure of immune suppression might 
favor the occurrence of the skin rash of the disease.

Skin cells produce small 10- 50 amino acid residues known as anti-
microbial peptides (AMPs) which have the potential to neutralize in-
vading microorganisms.16 AMPs can be classified into defensins (α-  and 
β- defensins) and cathelicidin (LL37),17 and other AMPs such as ribonu-
clease 7 (RNase7), psoriasin (S100A7), and dermcidin (sweat gland de-
rived).18 AMPs also take part in activating and mediating adaptive immune 
response.19-23 Dysregulation in AMP production has been linked to many 
pathological skin conditions such as psoriasis, atopic dermatitis (AD), ro-
sacea, and others.18 We hypothesize that there might be an overall altered 
expression of AMPs as well in PLE lesions induced directly by UVR or due 
to possible UV- induced damage to certain microbes or microbial elements 
within or on the surface of the skin and such events could contribute to 
the pathogenesis of the disease.12,24 We herein investigate the expression 
of psoriasin, RNase7, HBD- 2, HBD- 3, and LL- 37, as these are the most 
commonly studied AMPs linked to many disease pathologies, using immu-
nohistochemical stainings of lesional skin of PLE and compare it with that 
of healthy skin, lesional skin of AD and psoriasis patients.

2  | MATERIALS AND METHODS

2.1 | Samples

Formalin- fixed paraffin- embedded (FFPE) skin lesional biopsies of 
PLE of 12 patients (8 women and 4 men; median age: 60 years [range, 
16- 75]; from trunk: 1; and extremities: 11), lesional skin of 6 patients 
with AD (1 woman and 5 men; median age: 43 [range, 6- 63]; from 
trunk: 3; and extremities: 3), and lesional skin of 6 patients with pso-
riasis (6 women; median age: 50 years [range, 31- 74]; from face/head: 
1; trunk:1; and extremities: 4) as well as samples from healthy, nor-
mal looking skin of 13 individuals (6 women and 7 men; median age: 
72 years [range, 47- 88]; from face/head: 8; trunk: 2; and extremities: 
3) were available for the study. The healthy tissue samples were from 
tumor adjacent skin, obtained during surgical excision of lesions such 
as nevi and nonmelanoma skin cancers. The study was approved by 
the Ethics Committee of Medical University of Graz, Graz, Austria (18- 
068 ex 06/07 and 25- 293 ex 12/13) and was performed in accordance 
with the guidelines of the Declaration of Helsinki Principles.

2.2 | Immunohistochemical staining

FFPE tissue sections (3.5 μm) were deparaffinized and rehydrated for 
immunohistochemical staining. Slides with tissues sections were in-
cubated for heat- induced antigen retrieval in Dako Target Retrieval 
Solution Citrate pH 6.0 (Dako S2369) or Dako Target Retrieval 
Solution pH 9,0 (Dako S2367) for 30 minutes in a steamer. The stain-
ing was then performed manually at 4°C antibody incubation using 
the Dako REAL™ Detection System, Peroxidase/AEC, using mono-
clonal antibodies directed against: HBD2 (1:400; #ab63982, Abcam 
Cambridge, U.K.), HBD3 (1:100; #LS- B86, LSbio Seattle, WA), pso-
riasin (1:300; #MA1- 91555, Thermo Fisher Scientific, Pittsburgh, PA), 

RNase7 (1:50; #ab154143, Abcam Cambridge, U.K.) and LL37 (1:50; 
#63982, Abcam Cambridge, U.K.). Images of stainings were acquired 
with a DP71 digital camera (Olympus, Vienna, Austria), attached to an 
Olympus BX51 microscope.

2.3 | Quantitative analysis of AMP expression

Visual analysis was performed by counting positively stained cells 
in 5 randomly selected microscopic fields at a magnification of 40× 
using an ocular grid with area coverage of 0.25 mm2. For psoriasin, 
the number of positively stained cells were counted in the epider-
mis. For HBD- 2, positive cells and negative cells (HBD- 2 unstained) 
were counted in the dermis, and the percentage of positive cells 
((number of positive cells∕number of positive + negative cells)×100 ) 
was determined. For LL- 37, the number of positive blood vessels in the 
dermis was determined. Scoring of microscopic slides was performed in 
a blinded manner. Results of visual counts were averaged per patient and 
used for statistical analysis. For RNase7 and HBD- 3, we quantified ex-
pression using ImmunoRatio plugin25 in ImageJ software with the images 
acquired with the Olympus DP71 digital camera. The percentage of the 
DAB- stained nuclear area over the total nuclear area in epidermis and der-
mis was calculated, and percentages were subjected to statistical analysis.

2.4 | Statistical analysis

Statistical analysis was performed using GraphPad Prism 6. For im-
munohistochemistry score comparison, unpaired nonparametric, 
Kruskal- Wallis test was used; each P- value was adjusted to account 
for multiple comparisons. A P- value smaller than .05 has been set as 
statistically significant.

3  | RESULTS

Psoriasin was the most highly expressed by keratinocytes in PLE and 
psoriasis (Figure 1B,D); it was expressed in the nucleus and cytoplasm 
(of the) stratum granulosum and stratum spinosum, whereas the basal 
layers and stratum corneum showed no expression in PLE, but little 
expression in psoriasis. In contrast, AD (Figure 1C) showed very little 
expression of psoriasin (only in stratum granulosum of the epidermis). 
In healthy skin (Figure 1A), expression of psoriasin was found in stra-
tum granulosum but was less intense and patchy compared to PLE or 
psoriasis. Overall, the expression of psoriasin in PLE was statistically 
significantly higher compared to healthy skin (Figure 2A).

Ribonuclease 7 was expressed in PLE (Figure 1F), mainly in kerat-
inocytes of the stratum granulosum and in the stratum corneum and 
less intensively in the basal layers of the epidermis. Healthy skin and 
AD (Figure 1E,G) showed very low expression of RNase7 in stratum 
corneum and stratum granulosum. Psoriasis (Figure 1H) showed a 
high level of expression of RNase7 in stratum corneum, but subtle ex-
pression in other layers of the epidermis. Altogether the expression of 
RNase7 in PLE was significantly higher than in healthy skin or lesional 
skin of AD and psoriasis (Figure 2B).
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HBD- 2 was expressed in infiltrating cells in the dermis in PLE, AD, 
and psoriasis (Figure 1J,K,L), whereas healthy skin (Figure 1I) showed no 
expression or very low expression of it. PLE showed significantly higher 
numbers of HBD- 2- positive cells in the dermis compared to healthy skin 
(Figure 2C).

HBD- 3 expression was only modestly expressed in the stratum 
granulosum but not at all in the other layers of the epidermis in PLE 
(Figure 1N). In contrast, healthy skin (Figure 1M), AD (Figure 1O) 
and psoriasis (Figure 1P) showed higher expression of HBD- 3 in 

F IGURE  1  Immunohistochemical staining reveals altered antimicrobial peptide expression in polymorphic light eruption. Representative 
images of immunohistochemically stained tissue sections (counterstained with hematoxylin). Polymorphic light eruption (PLE), atopic dermatitis 
(AD), and psoriasis samples were stained for psoriasin (A- D), RNase7 (E- H), HBD- 2 (I- L), HBD- 3 (M- P), and LL37 (Q- T). Healthy, normal- 
appearing human skin was used as a control. PLE showed increased expression of Psoriasin (B) and RNAse7 (F) both mostly in the stratum 
granulosum of the epidermis; HBD- 2 was mostly expressed in the cellular infiltrate in the dermis (J) and LL37 in and around blood vessels 
and glands (R), whereas HBD- 3 (N) was decreased in epidermis and dermis. A similar expression profile is observed in lesional psoriatic skin, 
different to that of lesional skin of AD (with little or no expression of psoriasin, RNAse7, HBD- 2 and LL37 and upregulation of HBD- 3). Original 
magnification of psoriasin, RNase7, HBD- 3, and LL37: ×200 and HBD- 2: ×100
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(E) (F) (G) (H)

(I) (J) (K) (L)
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epidermal layers as well as infiltrating cells in the dermis. Statistical 
significance was reached when PLE was compared to AD (Figure 2D).

LL- 37 was profoundly expressed in and around blood vessels 
and glands in PLE and psoriasis (Figure 1R,T). Healthy skin or AD 
(Figure 1Q,S) showed no expression or very low expression of LL37. 
Overall, the increased expression of LL- 37 in PLE and psoriasis was 
significant compared to healthy skin or AD (Figure 2E).

Statistical correlation analysis revealed the expression of AMPs was 
independent of age, except for psoriasin in PLE (r = .7012, P = .0095). 
Moreover, there was no overall statistical correlation between sex and 
expression of any of the AMPs of this study.

4  | DISCUSSION

AMPs are produced in the skin during inflammation and/or 
in cases of infection. It has been demonstrated that UVR can 

induce production of keratinocyte- derived AMPs both in vitro 
and in vivo in humans and rodents.26-30 Previous work on normal 
human keratinocytes revealed a dose- dependent increase in human  
β- defensin- 2, β- defensin- 3, RNase7, and psoriasin (S100A7) after 
UVB radiation. Note should be taken that interindividual variations 
are observed in expression of AMPs by UVR.27,29,31 We now report 
a unique profile of protein expression of psoriasin, RNase7, HBD- 2, 
HBD- 3, and LL- 37 in PLE occurring after natural sunlight exposure.

Psoriasin is reported to be expressed in inflamed skin and can 
exert a chemotactic influence on inflammatory cells.32 In our study, 
psoriasin was highly expressed in PLE lesions and psoriatic skin, com-
pared to healthy skin or AD (for the latter two diseases consistent with 
previous reports33-36). However, we did not detect psoriasin expres-
sion in AD; indeed, the data on it in AD are controversial, possibly due 
to differences in analytical methodologies employed.37 IL- 1α, IL- 1β, 
IL- 19, IL- 36, IL- 22, IL- 17, TNF- α, calcium, flagellin, and UV enhance 

F IGURE  2 Quantitative analysis of the immunohistochemical stainings of antimicrobial peptide expression. (A) In polymorphic light eruption 
(PLE), the number of psoriasin- positive cells in the epidermis was significantly higher than in healthy skin but slightly lower compared to that 
in psoriasis. (B) Expression of RNase7 in PLE was significantly higher than compared to that of healthy skin, atopic dermatitis (AD) or psoriasis. 
(C) HBD- 2 was significantly increased in PLE and psoriasis and to a lower degree increased in AD compared to healthy skin. (D) The expression 
of HBD- 3 was (significantly) decreased in PLE compared to AD, psoriasis, and healthy skin. (E) Similar to psoriasis, PLE showed significantly 
increased expression of LL37 compared to healthy skin and AD. Data presented as mean with SEM
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psoriasin expression.38-41 In PLE, IL- 1β levels have been found to be 
elevated,42 and this could induce high psoriasin expression in the skin. 
Psoriasin displays a strong, selective antimicrobial activity against 
Escherichia coli strains,40,43 and this could theoretically hint toward the 
involvement of E. coli or its components in PLE lesions which is yet to 
be investigated.12

Ribonuclease 7 is produced vastly by keratinocytes. It shows 
a strong bactericidal activity against a broad- spectrum of Gram- 
negative and Gram- positive bacteria.44,45 We found that RNase7 was 
more strongly expressed in lesional PLE skin than in healthy skin and 
AD or psoriatic skin. RNase7 is also constitutively expressed in healthy 
skin,46-48 consistent with our findings, indicating that higher expres-
sion in PLE lesions could possibly be further aggravated by bacteria. 
Other constitutive inducers of RNase7 expression include IL- 17A and 
IFN- γ (via STAT3).49 A trend for elevated serum IL- 17 levels in PLE 
has been previously reported,42 suggesting that higher levels of IL- 
17 could induce production of RNase7. Moreover, UVR is capable of 
inducing RNase7 expression.27 Data on RNase7 expression in AD as 
well as in psoriatic skin are controversial.36,37,50-52 However, we found 
the expression of RNase7 to be relatively low in lesional skin of AD 
and psoriasis patients. Notably, besides antibacterial activity RNase7 
shows also immunomodulatory functions on Th2 cells and cytokine 
production.53

Human β- defensin 2 was first isolated from extracts obtained from 
psoriatic skin.54 It is known to be upregulated in the skin by LPS, TNF- α, 
IL- 1β, IL- 1α and bacterial infections55 and also 1,25- dihydroxyvitamin 
D3.

56 We found HBD- 2 to be highly expressed in PLE, especially in 
infiltrating cells in the dermis. In this regard, it is already known in 
PLE that there is a lack of neutrophils and TNF- α,57 but an increase 
in IL- 1β58 production which could induce the expression of HBD- 
2.42,59 In ex vivo experimental setting, the proinflammatory mediators 
TNF- α and IL- 17 but not UVR stimulated the expression of HBD- 2.60 
However, in vivo data showed more heterogeneous expression for 
HBD- 2 by UVR.27 The presence of LPS and other microbial products 
in PLE remains to be determined. Lande et al61 found that HBD- 2 and 
HBD- 3 have strong ability to break the tolerance to human DNA and 
form complexes with nucleic acids and trigger an innate immune re-
sponse. It is known that the UVB waveband of sunlight can modify 
nucleic acids which could then become potential antigens,5,12,62 pro-
voking an immune reaction as seen in PLE, linked to higher expression 
of HBD- 2 possibly exaggerating inflammation.

HBD- 3 is expressed by the same cells as HBD- 2 in the skin. We 
found that the expression of HBD- 3 in PLE lesions was considerably 
lower than in healthy skin, and lesional skin of AD and psoriasis pa-
tients. The inducers for upregulating HBD- 3 are similar to those of 
HBD- 2. Among other β- defensins, HBD- 3 is the only AMP which is 
regulated by insulin- like growth factors such as (IGF- 1) and transform-
ing growth factor (TGF- α) and microbial stimuli (such as LPS, peptido-
glycan, or SpeB [a virulence factor from Streptococcus pyogenes]) to 
keratinocytes in vitro.63 Although UVR is known to induce expression 
of HBD- 3, our observations of impaired expression in PLE lesions 
might imply its functional role in disease pathogenesis as HBD- 3 is 
known to be involved with keratinocyte proliferation and migration 

by activating EGFR, STAT1, and STAT3.21 HBD- 3 is known to be 
more potent in killing microbes than other defensins.64 The lower or 
reduced expression of HBD- 3 in PLE lesions in our study and a pre-
vious report26 could suggest a differential microbial landscape in PLE 
patients that fails to induce HBD- 3, similarly as observed in AD where 
lower HBD- 3 expression corresponds to higher Staphylococcus aureus 
colonization.65,66

LL- 37 is the only cathelicidin peptide detected in humans and 
produced in much vast quantity in psoriasis and is known to play a 
major role in the inflammatory cascade driving psoriatic disease.67-70 
Herein and in a previous report,71 we observed significant expres-
sion of this peptide around blood vessels and glands in the dermis 
of the PLE lesions. Our observation of increased LL- 37 expression 
in lesional skin of psoriasis and decreased expression in AD patients 
is consistent with previous findings.72,73 LL- 37 is induced by UVB,29 
1,25- dihydroxyvitamin D3,

56 components of bacterial infections and 
stress, cytokines such as IFN- γ, TNF- α, IL- 6, and activated TLRs.74 
Rather low systemic levels of vitamin D have been reported in PLE 
and other photodermatoses75; hence, LL- 37 similar as Tregs could be 
induced in PLE by other, nonvitamin D- dependent factors.76 Previous 
research indicates that LL- 37 is a vital mediator in activating pDCs by 
forming aggregates with self- nucleic acids.68-70 However, in PLE pa-
tients a complete absence of pDCs has been reported,77 suggesting 
that the high expression of LL- 37 might be involved in other inflam-
matory processes. In psoriasis patients, LL- 37 has been recognized as 
an autoantigen that stimulates circulating T cells and contributes to 
the autoimmunity in these patients.78 As a similar autoimmune envi-
ronment may obviously exist in PLE patients, it is likely that there are 
increased LL- 37- specific T cells. On the other hand, LL- 37 shows broad 
antimicrobial activity to various microbes and the high expression of 
this peptide could be directly involved in the antimicrobial activity in 
PLE patients.

The major limitations of this study were the limited sample size 
and the imperfect matching in age and sex of the different patient 
groups. However, our analysis showed that the expression of AMPs 
(except for psoriasin that was age- related in PLE) was neither age-  nor 
sex- dependent in the sample sets of the study. Indeed, age- matched 
sample (data not shown) analysis revealed a similar picture than the 
overall analysis shown in Figure 2. Furthermore, previous work has 
shown that psoriasin, RNase7, and HBD- 3 was not only upregu-
lated in UVR-provoked lesional PLE skin but also to a weaker extent 
in UVR- exposed skin of PLE patients without eruption. However, as 
our study lacks normal skin from PLE patients, we cannot conclude 
on the magnitude of AMP expression by UVR without PLE eruption 
and if UVR increases AMP expression in PLE lesions above levels of 
nonlesional skin of PLE patients not mounting PLE after UV exposure. 
Hence, the results of this study must be interpreted in the light of the 
study’s limitations. Previous research has shown consistently with our 
results a certain extent of altered expression levels of AMPs (psoriasin, 
RNase7, HBD- 2, HBD- 3) in a limited number of PLE lesions photo- 
provoked by artificial UV- A radiation.26 Our findings of the unique 
expression pattern of AMPs, including LL- 37 (that at least hypotheti-
cally could be a potential driver in PLE) provide further understanding 
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of the pathogenesis of the disease and could help unraveling a com-
plex network between AMPs, microbiome, and immune system. That 
said, the potential case of altered microbial landscape in PLE patients 
is yet to be investigated, but the altered expression of various AMPs 
among different skin conditions in our study strongly implies that ei-
ther microbial elements or microbes themselves may be involved in 
the pathogenesis of PLE. Indeed, these microbial elements could be 
the source of the yet undetected antigens formed in PLE patients after 
exposure to UVR.12

ACKNOWLEDGEMENTS

The authors are very grateful to Ulrike Schmidbauer for technical sup-
port and H.N. Ananthaswamy for critical reading of the manuscript.

AUTHORS’ CONTRIBUTIONS

VP and PW had full access to all of the data in the study and took 
responsibility for the integrity of the data and the accuracy of the 
data analysis. VP and PW were involved in study concept and design. 
VP and PW were involved in acquisition, analysis, and interpretation 
of data. VP and PW were involved in drafting of the manuscript. All 
authors critically revised the manuscript for important intellectual 
content. VP and PW statistically analyzed the data of the manuscript. 
Wolf obtained the funding for the research presented in the manu-
script. GM, AG- W, MH, and SL were involved in administrative, tech-
nical, or material support. PW supervised the study.

CONFLICT OF INTEREST

None reported.

ORCID

VijayKumar Patra  http://orcid.org/0000-0002-7161-7767 

REFERENCES

 1. Wolf P, Hoffmann C, Quehenberger F, et al. Immune protection fac-
tors of chemical sunscreens measured in the local contact hypersen-
sitivity model in humans. J Invest Dermatol. 2003;121:1080-1087.

 2. Norval M, Halliday GM. The consequences of UV- induced immunosup-
pression for human health. Photochem Photobiol. 2011;87:965-977.

 3. Schwarz T. The dark and the sunny sides of UVR- induced immu-
nosuppression: photoimmunology revisited. J Invest Dermatol. 
2010;130:49-54.

 4. Lee CH, Wu SB, Hong CH, et al. Molecular mechanisms of UV- induced 
apoptosis and its effects on skin residential cells: the implication in 
UV- based phototherapy. Int J Mol Sci. 2013;14:6414-6435.

 5. Gruber-Wackernagel A, Byrne SN, Wolf P. Polymorphous light 
eruption: clinic aspects and pathogenesis. Dermatol Clin. 2014; 32: 
315-334, viii.

 6. Rhodes LE, Bock M, Janssens AS, et al. Polymorphic light eruption 
occurs in 18% of Europeans and does not show higher prevalence 
with increasing latitude: multicenter survey of 6,895 individuals 

residing from the Mediterranean to Scandinavia. J Invest Dermatol. 
2010;130:626-628.

 7. Isedeh P, Lim HW. Polymorphous light eruption. In: Jackson-Richards 
D, Pandya AG, eds. Dermatology Atlas for Skin of Color. Berlin, 
Heidelberg: Springer Berlin Heidelberg. 2014: 287-289.

 8. Kontos AP, Cusack CA, Chaffins M, et al. Polymorphous light erup-
tion in African Americans: pinpoint papular variant. Photodermatol 
Photoimmunol Photomed. 2002;18:303-306.

 9. Ferguson J, Ibbotson S. The idiopathic photodermatoses. Semin Cutan 
Med Surg. 1999;18:257-273.

 10. Ibbotson SH, Bilsland D, Cox NH, et al. An update and guidance on 
narrowband ultraviolet B phototherapy: a British Photodermatology 
Group Workshop Report. Br J Dermatol. 2004;151:283-297.

 11. Aslam A, Fullerton L, Ibbotson SH. Phototherapy and photochemo-
therapy for polymorphic light eruption desensitization: a five- year 
case series review from a university teaching hospital. Photodermatol 
Photoimmunol Photomed. 2017;33:225-227.

 12. Patra V, Wolf P. Microbial elements as the initial triggers in 
the pathogenesis of polymorphic light eruption? Exp Dermatol. 
2016;25:999-1001.

 13. Lembo S, Hawk JL, Murphy GM, et al. Aberrant gene expression with 
deficient apoptotic keratinocyte clearance may predispose to poly-
morphic light eruption. Br J Dermatol. 2016;16:1471-1479.

 14. Gambichler T, Terras S, Kampilafkos P, et al. T regulatory cells and re-
lated immunoregulatory factors in polymorphic light eruption follow-
ing ultraviolet al challenge. Br J Dermatol. 2013;169:1288-1294.

 15. Schweintzger N, Gruber-Wackernagel A, Reginato E, et al. Levels 
and function of regulatory T cells in patients with polymorphic light 
eruption: relation to photohardening. Br J Dermatol. 2015;173: 
519-526.

 16. Nakatsuji T, Gallo RL. Antimicrobial peptides: old molecules with new 
ideas. J Invest Dermatol. 2012;132:887-895.

 17. Oppenheim JJ, Biragyn A, Kwak LW, et al. Roles of antimicrobial pep-
tides such as defensins in innate and adaptive immunity. Ann Rheum 
Dis. 2003;62(Suppl 2):ii17-ii21.

 18. Yamasaki K, Gallo RL. Antimicrobial peptides in human skin disease. 
Eur J Dermatol. 2008;18:11-21.

 19. Biragyn A, Ruffini PA, Leifer CA, et al. Toll- like receptor 4- dependent 
activation of dendritic cells by beta- defensin 2. Science. 2002;298: 
1025-1029.

 20. Navid F, Boniotto M, Walker C, et al. Induction of regulatory T cells by 
a murine beta- defensin. J Immunol. 2012;188:735-743.

 21. Niyonsaba F, Ushio H, Nakano N, et al. Antimicrobial peptides human 
beta- defensins stimulate epidermal keratinocyte migration, prolifera-
tion and production of proinflammatory cytokines and chemokines. 
J Invest Dermatol. 2007;127:594-604.

 22. Yang D, Biragyn A, Kwak LW, et al. Mammalian defensins in immunity: 
more than just microbicidal. Trends Immunol. 2002;23:291-296.

 23. Yang D, Chertov O, Bykovskaia SN, et al. Beta- defensins: linking 
innate and adaptive immunity through dendritic and T cell CCR6. 
Science. 1999;286:525-528.

 24. Patra V, Byrne SN, Wolf P. The skin microbiome: is it affected by UV- 
induced immune suppression? Front Microbiol. 2016;7:1235.

 25. Tuominen VJ, Ruotoistenmaki S, Viitanen A, et al. ImmunoRatio: a 
publicly available web application for quantitative image analysis of 
estrogen receptor (ER), progesterone receptor (PR), and Ki- 67. Breast 
Cancer Res. 2010;12:R56.

 26. Felton S, Navid F, Schwarz A, et al. Ultraviolet radiation- induced up-
regulation of antimicrobial proteins in health and disease. Photochem 
Photobiol Sci. 2013;12:29-36.

 27. Glaser R, Navid F, Schuller W, et al. UV- B radiation induces the ex-
pression of antimicrobial peptides in human keratinocytes in vitro and 
in vivo. J Allergy Clin Immunol. 2009;123:1117-1123.

 28. Kennedy Crispin M, Fuentes-Duculan J, Gulati N, et al. Gene 
profiling of narrowband UVB- induced skin injury defines 

http://orcid.org/0000-0002-7161-7767
http://orcid.org/0000-0002-7161-7767


     |  143PATRA eT Al.

cellular and molecular innate immune responses. J Invest Dermatol. 
2013;133:692-701.

 29. Mallbris L, Edstrom DW, Sundblad L, et al. UVB upregulates the an-
timicrobial protein hCAP18 mRNA in human skin. J Invest Dermatol. 
2005;125:1072-1074.

 30. Hong SP, Kim MJ, Jung MY, et al. Biopositive effects of low- dose 
UVB on epidermis: coordinate upregulation of antimicrobial pep-
tides and permeability barrier reinforcement. J Invest Dermatol. 
2008;128:2880-2887.

 31. Gambichler T, Terras S, Skrygan M. Expression of antimicrobial pep-
tides and proteins in epidermis equivalents exposed to salt water and 
narrowband ultraviolet B radiation. Ann Dermatol. 2014;26:666-668.

 32. Jinquan T, Vorum H, Larsen CG, et al. Psoriasin: a novel chemotactic 
protein. J Invest Dermatol. 1996;107:5-10.

 33. Anderson KS, Wong J, Polyak K, et al. Detection of psoriasin/S100A7 
in the sera of patients with psoriasis. Br J Dermatol. 2009;160:325-332.

 34. Broome AM, Ryan D, Eckert RL. S100 protein subcellular localization 
during epidermal differentiation and psoriasis. J Histochem Cytochem. 
2003;51:675-685.

 35. D’Amico F, Trovato C, Skarmoutsou E, et al. Effects of adalimumab, 
etanercept and ustekinumab on the expression of psoriasin (S100A7) 
in psoriatic skin. J Dermatol Sci. 2015;80:38-44.

 36. Harder J, Dressel S, Wittersheim M, et al. Enhanced expression and 
secretion of antimicrobial peptides in atopic dermatitis and after 
 superficial skin injury. J Invest Dermatol. 2010;130:1355-1364.

 37. Clausen ML, Slotved HC, Krogfelt KA, et al. In vivo expression of anti-
microbial peptides in atopic dermatitis. Exp Dermatol. 2016;25:3-9.

 38. Nguyen TT, Niyonsaba F, Akiyama T, et al. Effects of IL- 36 cytokines on 
S100A7/psoriasin and cathelicidin LL- 37 expression and production 
by primary human keratinocytes. J Dermatol Sci. 2013;69:e78-e79.

 39. Abtin A, Eckhart L, Mildner M, et al. Flagellin is the principal in-
ducer of the antimicrobial peptide S100A7c (psoriasin) in human 
epidermal keratinocytes exposed to Escherichia coli. FASEB J. 
2008;22:2168-2176.

 40. Glaser R, Harder J, Lange H, et al. Antimicrobial psoriasin (S100A7) protects 
human skin from Escherichia coli infection. Nat Immunol. 2005;6:57-64.

 41. Niyonsaba F, Hattori F, Maeyama K, et al. Induction of a microbicidal 
protein psoriasin (S100A7), and its stimulatory effects on normal 
human keratinocytes. J Dermatol Sci. 2008;52:216-219.

 42. Wolf P, Gruber-Wackernagel A, Rinner B, et al. Phototherapeutic 
hardening modulates systemic cytokine levels in patients with poly-
morphic light eruption. Photochem Photobiol Sci. 2013;12:166-173.

 43. Li X, de Leeuw E, Lu W. Total chemical synthesis of human psoriasin 
by native chemical ligation. Biochemistry. 2005;44:14688-14694.

 44. Harder J, Schroder JM. RNase 7, a novel innate immune de-
fense antimicrobial protein of healthy human skin. J Biol Chem. 
2002;277:46779-46784.

 45. Koten B, Simanski M, Glaser R, et al. RNase 7 contributes to the 
cutaneous defense against Enterococcus faecium. PLoS One. 
2009;4:e6424.

 46. Cho JS, Xuan C, Miller LS. Lucky number seven: RNase 7 can pre-
vent Staphylococcus aureus skin colonization. J Invest Dermatol. 
2010;130:2703-2706.

 47. Zanger P, Holzer J, Schleucher R, et al. Constitutive expression of the 
antimicrobial peptide RNase 7 is associated with Staphylococcus au-
reus infection of the skin. J Infect Dis. 2009;200:1907-1915.

 48. Simanski M, Dressel S, Glaser R, et al. RNase 7 protects healthy 
skin from Staphylococcus aureus colonization. J Invest Dermatol. 
2010;130:2836-2838.

 49. Simanski M, Rademacher F, Schroder L, et al. IL- 17A and IFN- gamma 
synergistically induce RNase 7 expression via STAT3 in primary kerat-
inocytes. PLoS One. 2013;8:e59531.

 50. Dressel S, Harder J, Cordes J, et al. Differential expression of anti-
microbial peptides in margins of chronic wounds. Exp Dermatol. 
2010;19:628-632.

 51. Kreuter A, Jaouhar M, Skrygan M, et al. Expression of antimicrobial 
peptides in different subtypes of cutaneous lupus erythematosus. J 
Am Acad Dermatol. 2011;65:125-133.

 52. Gambichler T, Skrygan M, Tigges C, et al. Significant upregulation of 
antimicrobial peptides and proteins in lichen sclerosus. Br J Dermatol. 
2009;161:1136-1142.

 53. Kopfnagel V, Wagenknecht S, Brand L, et al. RNase 7 downregu-
lates TH2 cytokine production by activated human T- cells. Allergy. 
2017;72:1694.

 54. Harder J, Bartels J, Christophers E, et al. A peptide antibiotic from 
human skin. Nature. 1997;387:861.

 55. Liu AY, Destoumieux D, Wong AV, et al. Human beta- defensin- 2 pro-
duction in keratinocytes is regulated by interleukin- 1, bacteria, and 
the state of differentiation. J Invest Dermatol. 2002;118:275-281.

 56. Gonzalez-Curiel I, Trujillo V, Montoya-Rosales A, et al. 
1,25- dihydroxyvitamin D3 induces LL- 37 and HBD- 2 production in 
keratinocytes from diabetic foot ulcers promoting wound healing: an 
in vitro model. PLoS One. 2014;9:e111355.

 57. Kolgen W, van Meurs M, Jongsma M, et al. Differential expression of 
cytokines in UV- B- exposed skin of patients with polymorphous light 
eruption: correlation with Langerhans cell migration and immunosup-
pression. Arch Dermatol. 2004;140:295-302.

 58. Janssens AS, Pavel S, Tensen CP, et al. Reduced IL- 1Ra/IL- 1 ratio in ul-
traviolet B- exposed skin of patients with polymorphic light eruption. 
Exp Dermatol. 2009;18:212-217.

 59. Schornagel IJ, Sigurdsson V, Nijhuis EH, et al. Decreased neutrophil 
skin infiltration after UVB exposure in patients with polymorphous 
light eruption. J Invest Dermatol. 2004;123:202-206.

 60. Balato A, Schiattarella M, Lembo S, et al. Interleukin- 1 family mem-
bers are enhanced in psoriasis and suppressed by vitamin D and reti-
noic acid. Arch Dermatol Res. 2013;305:255-262.

 61. Lande R, Chamilos G, Ganguly D, et al. Cationic antimicrobial peptides 
in psoriatic skin cooperate to break innate tolerance to self- DNA. Eur 
J Immunol. 2015;45:203-213.

 62. Wolf P, Byrne SN, Gruber-Wackernagel A. New insights into the 
mechanisms of polymorphic light eruption: resistance to ultraviolet 
radiation- induced immune suppression as an aetiological factor. Exp 
Dermatol. 2009;18:350-356.

 63. Sorensen OE, Thapa DR, Rosenthal A, et al. Differential regulation 
of beta- defensin expression in human skin by microbial stimuli. J 
Immunol. 2005;174:4870-4879.

 64. Harder J, Bartels J, Christophers E, et al. Isolation and characterization 
of human beta - defensin- 3, a novel human inducible peptide antibi-
otic. J Biol Chem. 2001;276:5707-5713.

 65. Ong PY, Ohtake T, Brandt C, et al. Endogenous antimicrobial 
peptides and skin infections in atopic dermatitis. N Engl J Med. 
2002;347:1151-1160.

 66. Howell MD, Novak N, Bieber T, et al. Interleukin- 10 downregu-
lates anti- microbial peptide expression in atopic dermatitis. J Invest 
Dermatol. 2005;125:738-745.

 67. Zanetti M. Cathelicidins, multifunctional peptides of the innate immu-
nity. J Leukoc Biol. 2004;75:39-48.

 68. Lande R, Gregorio J, Facchinetti V, et al. Plasmacytoid dendritic 
cells sense self- DNA coupled with antimicrobial peptide. Nature. 
2007;449:564-569.

 69. Chamilos G, Gregorio J, Meller S, et al. Cytosolic sensing of extracellu-
lar self- DNA transported into monocytes by the antimicrobial peptide 
LL37. Blood. 2012;120:3699-3707.

 70. Ganguly D, Chamilos G, Lande R, et al. Self- RNA- antimicrobial pep-
tide complexes activate human dendritic cells through TLR7 and 
TLR8. J Exp Med. 2009;206:1983-1994.

 71. Wolf P, Weger W, Patra V, et al. Desired response to phototherapy 
vs photoaggravation in psoriasis: what makes the difference? Exp 
Dermatol. 2016;25:937-944.



144  |     PATRA eT Al.

 72. Veran JL, Fornecker D, Bloch JG, et al. [Chronic atrophic polychondri-
tis associated with psoriasis and ulcero- hemorrhagic rectocolitis]. Rev 
Rhum Mal Osteoartic 1990;57:442-443.

 73. Kanda N, Hau CS, Tada Y, et al. Decreased serum LL- 37 and vitamin 
D3 levels in atopic dermatitis: relationship between IL- 31 and on-
costatin M. Allergy. 2012;67:804-812.

 74. Vandamme D, Landuyt B, Luyten W, et al. A comprehensive summary 
of LL- 37, the factotum human cathelicidin peptide. Cell Immunol. 
2012;280:22-35.

 75. Rhodes LE, Webb AR, Berry JL, et al. Sunlight exposure behaviour 
and vitamin D status in photosensitive patients: longitudinal com-
parative study with healthy individuals at U.K. latitude. Br J Dermatol. 
2014;171:1478-1486.

 76. Schweintzger NA, Gruber-Wackernagel A, Shirsath N, et al. Influence 
of the season on vitamin D levels and regulatory T cells in pa-
tients with polymorphic light eruption. Photochem Photobiol Sci. 
2016;15:440-446.

 77. Wackernagel A, Massone C, Hoefler G, et al. Plasmacytoid den-
dritic cells are absent in skin lesions of polymorphic light eruption. 
Photodermatol Photoimmunol Photomed. 2007;23:24-28.

 78. Lande R, Botti E, Jandus C, et al. The antimicrobial peptide LL37 is a 
T- cell autoantigen in psoriasis. Nat Commun. 2014;5:5621.

How to cite this article: Patra V, Mayer G, Gruber-
Wackernagel A, Horn M, Lembo S, Wolf P. Unique profile of 
antimicrobial peptide expression in polymorphic light eruption 
lesions compared to healthy skin, atopic dermatitis, and 
psoriasis. Photodermatol Photoimmunol Photomed. 2018;34: 
137–144. https://doi.org/10.1111/phpp.12355

https://doi.org/10.1111/phpp.12355

