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Receptor for advanced glycation end 
products is overexpressed in psoriatic plaques 
independent of  disease severity
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Abstract
Background: Enhanced expression and excitation of the receptor for advanced glycation end products is considered 
to play a role in the regulation of many pro‑inflammatory genes involved in the pathogenesis of psoriasis.
Aim: We investigated the expression of receptor for advanced glycation end product in various cell types, in lesional 
and peri‑lesional skin of patients with psoriasis, and its correlation with disease severity.
Methods: Paraffin‑embedded punch biopsy tissue taken from psoriatic plaques and peri‑lesional normal appearing 
skin tissue of twenty patients with psoriasis, and normal skin samples of eleven healthy participants, were enrolled in 
the study. The sections were stained immunohistochemically with anti‑receptor for advanced glycation end product 
antibody. The intensity of receptor for advanced glycation end product expression was assessed semi‑quantitatively on 
epidermal cells, microvascular endothelium, dermal fibroblasts and inflammatory cells. They were graded as follows: 
0 (no staining), 1 (weak), 2 (moderate) and 3 (strong) intensity.
Results: Receptor for advanced glycation end product expression on epidermis, microvascular endothelium, 
inflammatory cells and fibroblasts in the psoriatic plaques was more intense than perilesional and normal tissue (all 
P < 0.05). It did not correlate with disease severity.
Limitations: The main limitation of our study is that this was a semi‑quantitative assessment, detected 
immunohistochemically in skin biopsies.
Conclusion: Receptor for advanced glycation end product expression may have an important role in psoriasis 
pathogenesis, independent of disease severity.
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Introduction
Psoriasis is a multifactorial, chronic inflammatory skin disease, 
associated with complex interactions of various types of cells in the 
epidermis and dermis. The exact etiopathogenesis of psoriasis is still 
not clear.

The receptor for advanced glycation end products is a multiligand 
receptor. It has many ligands such as advanced glycation end 
products, high‑mobility group box protein 1, S100/calgranulin, 
beta amyloid, phosphatidylserine, C3a and advanced oxidation 
protein products.1 These are produced by various inflammatory 

cells. After ligand‑receptor interaction, signal transduction affects 
many important pro‑inflammatory pathways, resulting in a chronic 
inflammatory state.2 The interaction of receptor for advanced 
glycation end product and its ligands activates many kinases, such as 
extracellular signal‑regulated kinases 1 and 2, phosphatidylinositol‑3 
kinase, mitogen‑activated protein kinases, stress‑activated protein 
kinase/c‑Jun N‑terminal kinase and Janus kinases.3 Subsequently, 
various transcription factors, especially NF‑κB, are activated 
to promote the inflammation processes. Receptor for advanced 
glycation end product expression is constitutively expressed in 
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different cell types, and its ligands and inflammatory mediators 
induce its overexpression. Pro‑inflammatory consequences of 
this activation are hyperproliferation, immune system activation, 
lymphocyte infiltration into the epidermis and cytokine induction, 
all of which are observed in psoriasis pathogenesis.4 We were unable 
to find any previous reports about the expression profile of receptor 
for advanced glycation end product in different types of cells in 
psoriatic plaques compared with normal skin in healthy participants.

The present study aimed  (i) to evaluate the presence of receptor 
for advanced glycation end product expression on epidermal, 
endothelial, inflammatory cells and fibroblasts in lesional and 
peri‑lesional skin of patients with psoriasis,  (ii) to compare the 
intensity of its expression between patients with psoriasis and 
healthy participants and (iii) to investigate the relation between the 
intensity of its expression and disease severity.

Methods
Subjects
Twenty patients who were clinically and histopathologically 
diagnosed as having chronic plaque psoriasis in the dermatology 
outpatient clinic of Ankara Ataturk Training and Research Hospital, 
were enrolled in this prospective study. Patients included were not 
on topical therapy for at least two weeks, and not on systemic or 
phototherapy for the last six months. The demographic and clinical 
data of the patients including age, gender, age of onset, disease 
duration, psoriasis area and severity index scores, and previous 
treatments were noted. The control group constituted of eight 
healthy women who underwent mammoplasty  and three men. The 
controls were matched with patients according to age and gender. 
None of the patients or controls were younger than eighteen, obese, 
or had a history of smoking. The controls did not have any systemic 
illness, were not on any medication, and had no history of alcohol 
intake. The women were not pregnant or lactating.

Four millimeter punch biopsies from psoriatic plaques and 
peri‑lesional skin (2 cm away from psoriatic plaques) were obtained 
from sun‑protected regions. The biopsy specimens of the control 
group were taken from sun‑protected body regions. The study was 
approved by the hospital ethics committee, and all participants 
signed the informed consent form.

Evaluation of immunoreactivity
The epidermis, inflammatory cells  (lymphocytes), microvascular 
endothelial cells and fibroblasts were examined for receptor for 
advanced glycation end product expression. To evaluate this, 
semi‑quantitative analysis with a scale ranging from no staining (0), 
weak (1), moderate (2) to strong (3) intensity was performed in the 
biopsy specimen as described in detail in this reference.5 Dermal 
fibroblasts were identified as spindle cells with a clear separation 
from vessels.6

Statistical analysis
Evaluation of normality was performed with the Shapiro–Wilk 
test. Normally distributed continuous variables were expressed as 
mean and standard deviation (mean ± standard deviation), and were 
compared with Student’s t‑test for independent groups. Abnormally 
distributed continuous variables were expressed as median, and 
were compared with Mann–Whitney U‑test for independent 
groups. Categorical data was reported as numbers and percentages, 
and compared with Pearson’s Chi‑square test or Fisher’s exact 

test. Wilcoxon test was performed for comparing receptor for 
advanced glycation end product expression intensity of lesional 
and peri‑lesional skin samples. Spearman correlation test was used 
to analyze correlation between receptor for advanced glycation 
end product intensity and clinical features of patients. P  <  0.05 
was considered statistically significant. All statistical analyses 
were performed using SPSS version  15.0 statistical software 
package (SPSS Inc., Chicago, IL, USA).

Results
The study included twenty patients with psoriasis (ten women and 
ten men) and eleven healthy controls matched for gender and age 
(eight women and three men). Table  1 presents the demographic 
characteristics of the study population. Figures 1‑3 show staining 
scores for receptor for advanced glycation end product in lesional 
and peri‑lesional skin samples of patients with psoriasis, and 
comparison with controls.

As shown in Table  2, the intensity of receptor for advanced 
glycation end product expression in the epidermis, microvascular 
endothelial cells, inflammatory cells and fibroblasts in psoriatic 

Table 1: Demographic characteristics of the study population*

Demographic 
characteristics

Patients with 
psoriasis 

(n=20)

Controls 
(n=11)

P

Age (years) 40.35±12.04 43.91±10.39 0.416
Gender, female, n (%) 10 (50.0) 8 (72.7) 0.275
Onset age of psoriasis (years) 40.35±12.04 ‑ ‑
Disease duration (months) 39.65±30.08 ‑ ‑
PASI 10.75±7.56 ‑ ‑
Previous treatments

No therapy 8 (40.0) ‑ ‑
Topical 12 (60.0)
Systemic ‑
Phototherapy ‑

*Values are given as mean±SD.SD: Standard deviation, PASI: Psoriasis area 
and severity index

Figure 1: Control, score: 0 (RAGE, ×400)
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plaques of patients was significantly higher than their peri‑lesional 
counterparts  (all P  <  0.05). The intensity of expression in all 
these cell types was stronger in lesional samples than those of 
healthy controls (all P < 0.05) [Table 3]. The peri‑lesional skin of 
patients did not have different expression levels in the epidermis, 
microvascular endothelial cells and fibroblasts (all P > 0.05), except 
for inflammatory cells, when compared with controls [Table 4]. The 
intensity of receptor for advanced glycation end product expression 
in the inflammatory cells of peri‑lesional skin of patients was weaker 
than healthy controls (P = 0.001).

Statistical analysis did not show any correlation between the 
intensity of expression in lesional and peri‑lesional tissue with 
respect to the patients’ age, gender, disease duration, age of onset or 
disease severity (all P > 0.05).

Discussion
The skin and lung are unique regions, in which the receptor for 
advanced glycation end product expression is high throughout 
life.7,8 Pathologically upregulated expression is demonstrated in 
diabetics, patients with chronic inflammatory disorders including 
Alzheimer’s disease, atherosclerosis, malignancies and in ageing.5,8 
Furthermore, it was found to be overexpressed in psoriatic epidermis,9 
sun‑exposed skin,5 on the reticular dermis, extracellular matrix of 
patients with localized systemic sclerosis and calcinosis, which 
suggested its possible contribution in inflammatory skin disorders.6 
This is the first study that demonstrates the overexpression of 
receptor for advanced glycation end product in various cell types that 
are involved in psoriasis pathogenesis. Epidermal, microvascular 
endothelial, inflammatory cells and fibroblasts showed more 
intense expression in psoriatic plaques than the normal‑appearing 
skin of patients and healthy controls. It is shown to work as an 
adhesion molecule for leukocytes as it interacts with leukocyte 
beta‑2 integrin Mac‑1.10 Psoriasin  (S100A7) induces oxidative 
stress in both endothelial and epithelial cells, acting through 
receptor for advanced glycation end products.11 Ligand‑receptor 
for advanced glycation end product interactions induce several 
signal pathways, including NF‑kB, which is suggested to be 
involved in the pathogenesis of psoriasis. Activation of NF‑kB 
results in the release of pro‑inflammatory cytokines, cell adhesion 

Table 2: Comparison of receptor for advanced glycation end 
products expression intensity in lesional and peri‑lesional 

skin samples of patients with psoriasis *

Expression intensity of 
RAGE

Lesional 
skin (n=20)

Perilesional 
skin (n=20)

P

Epidermis 2.0 (2-3) 2.0 (1-2) 0.002
Inflammatory cells 2.5 (2-3) 0 (0-2) <0.001
Microvascular endothelial cells 2.5 (2-3) 2.0 (1-2) 0.001
Fibroblasts 2.5 (2-3) 2.0 (1-2) <0.001
*Values are given as median (minimum–maximum). RAGE: Receptor for 
advanced glycation end products

Table 3: Comparison of receptor for advanced glycation end 
products expression intensity in lesional skin of patients with 

psoriasis, and normal skin samples of controls*

Expression intensity 
of RAGE

Lesional skin of 
patients (n=20)

Normal skin of 
controls (n=11)

P

Epidermis 2.0 (2-3) 2.0 (1-3) 0.015
Inflammatory cells 2.5 (2-3) 2.0 (1-3) 0.009
Microvascular 
endothelial cells

2.5 (2-3) 2.0 (1-3) 0.015

Fibroblasts 2.5 (2-3) 2.0 (1-2) 0.001
*Values are given as median (minimum–maximum). RAGE: Receptor for 
advanced glycation end products

Figure 2: Weak staining for receptor for advanced glycation end product 
(score: 1) on microvascular endothelium (red arrow) and inflammatory cells 
(yellow arrow) in the perilesional skin (RAGE, ×200)

Figure  3: Strong staining for receptor for advanced glycation end 
product (score: 3) on microvascular endothelium (red arrow), inflammatory 
cells (yellow arrow) and fibroblasts (white arrow) in the lesional skin of the 
same patient (RAGE, ×200)

molecules, metalloproteinases and regulates immune system 
cells.1,4,8 Activated NF‑kB binds to the promoter region of receptor 
for advanced glycation end product in the nucleus, and enhances its 
expression as well as inhibits glyoxalase 1 expression. This results 
in the upregulation of advanced glycation end product formation.12 
NF‑kB activation is considered to be an important link between 
the innate and adaptive immune system.13 The consequence of this 
process leads to the sustained activation of NF‑kB.14 The major 
impact of receptor for advanced glycation end product signaling is 
considered to be the conversion of a transient cellular stimulation 
into a sustained cellular dysfunction, and a prolonged inflammatory 
response.15 Our findings point to the possible essential role of 
receptor for advanced glycation end product activation, affecting 
many cell types in psoriasis.
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Experimental studies about the role of receptor for advanced 
glycation end product and its ligands in psoriasis pathogenesis are 
limited in number. Wolf et al. reported a mouse model, in which 
they showed that elevated levels of mS100a7a15, a receptor 
for advanced glycation end product ligand, was associated with 
Koebner phenomenon. The tissue had increased levels of Th1 
and Th17 cytokines, and demonstrated all major histopathological 
features of psoriasis, including epidermal T‑cell infiltration, Kogoj 
spongiform pustule, Munro’s abscess formation, hyperkeratosis 
and dilated dermal vessels. The researchers suggested 
S100A7A15‑receptor for advanced glycation end product axis as 
a potential target for developing newer drugs.16 In another study, 
Sakaguchi et al. demonstrated the overexpression of S100A8/A9, 
receptor for advanced glycation end product and DNAX‑activating 
protein 10, a transmembrane adaptor protein for natural killer cells, 
in psoriatic epidermis. DNAX‑activating protein 10 directly binds 
to receptor for advanced glycation end product. This interaction 
regulates the S100A8/A9‑mediated keratinocyte response as 
survival or apoptosis.9 The concentration of advanced glycation 
end product‑peptides was detected to be higher in patients with 
active psoriasis than in patients with remission.17 Increased protein 
glycol‑oxidation is blamed to be a linker between psoriasis and 
increased prevalence of cardiovascular diseases. In the present 
study, disease duration or psoriasis area and severity index scores 
did not correlate with receptor for advanced glycation end product 
expression intensity of any cell type. This finding suggests that 
receptor for advanced glycation end product overexpression may 
have a global effect, independent of disease severity. It may not be 
involved in a cause and result relationship with disease activity. Its 
overexpression may be a non‑specific response, and as a component 
of many inflammatory cascades which are affected by specific 
factors involved in psoriasis.

According to our data, receptor for advanced glycation end product 
overexpression in the epidermis, microvascular endothelial cells, 
inflammatory cells and fibroblasts suggests that many cell types 
may be activated with complex cell–cell interactions throughout 
this inflammatory pathway in psoriasis. The inflammatory cells 
activated may have induced changes in the lesional skin by 
secreting many mediators involved in psoriasis. We detected that 
the receptor for advanced glycation end product expression on 
inflammatory cells in the normal peri‑lesional skin was weaker 
than those in the normal skin of healthy participants. We may 
consider that the psoriatic plaques have overproduced receptor for 
advanced glycation end product ligands, which stimulate receptor 
for advanced glycation end product overexpression more than the 
peri‑lesional normal skin surrounding the plaques. Therefore, a 
relative downregulation of expression may occur. Some mediators 

working against the inflammatory process may have been involved 
in the adjacent peri‑lesional skin to limit the inflammation of the 
psoriatic plaque. As psoriatic inflammation progresses, circulating 
inflammatory cells with higher receptor for advanced glycation end 
product expression may home to the skin adjacent to the psoriatic 
lesion, causing expansion of the plaque or development of new 
plaques. Further studies are needed to investigate and confirm our 
observations.

The limitation of our study is the semi‑quantitative assessment 
of receptor for advanced glycation end product expression in 
skin biopsies. Although the results of our analysis need to be 
quantitatively verified, our results demonstrate the potential role of 
receptor for advanced glycation end product overexpression in the 
pathogenesis of psoriasis.

Conclusion
Receptor for advanced glycation end product expression may have 
an important role in psoriasis pathogenesis, independent of disease 
severity. Further studies are needed to detect the triggers that lead to 
overexpression and subsequent activation of these pathways. Future 
studies may study this as a potential target in therapy of psoriasis.
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