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Background: Angiogenesis is one of the histologically predominant characteristics of psoriasis. Vascular endothelial growth factor 
(VEGF) and epidermal growth factor-like repeats and discoidin I-like domains 3 (EDIL3) have critical effects on angiogenesis. Both 
these proteins are vital proangiogenic factors in tumor occurrence and progression; however, the relationship between EDIL3 and 
VEGF with psoriasis remains unclear.
Objective: We aimed to elucidate the role of EDIL3 and VEGF and the involved mechanisms in psoriasis-associated angiogenesis.
Methods: EDIL3 and VEGF expression in cutaneous tissue was determined by immunohistochemical assay. The effects of EDIL3 on 
VEGF, VEGFR2, and the growth, migration, and tube formation of human umbilical vein endothelial cells (HUVECs) were analyzed 
by Western blotting assay, cell counting kit-8 assay, Transwell assay, and Matrigel tube formation assay.
Results: EDIL3 and VEGF levels in psoriatic lesions significantly increased as compared to those in normal individuals and showed 
a positive relationship with the Psoriasis Area and Severity Index. The downregulation of EDIL3 decreased VEGF and VEGFR2 
expression in HUVECs. Moreover, the decreased expression of EDIL3 and VEGF reduced the growth, invasion, and tube formation 
abilities of HUVECs, while EDIL3 resistance to VEGF and VEGFR2 was restored by using the EDIL3 recombinant protein.
Conclusion: These results suggest that psoriasis is also characterized by EDIL3 and VEGF-mediated angiogenesis. Thus, EDIL3 and 
VEGF could serve as novel targets for treating psoriasis.
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Introduction
Psoriasis vulgaris is a common immune-mediated inflammatory skin disorder that affects both skin and nails, and it 
shows a strong genetic susceptibility background.1 The disease remarkably affects patients’ quality of life and causes an 
immense economic burden on their families. Extensive research conducted on psoriasis demonstrates that Th1/Th17- 
weighted immunity has a critical effect on the pathogenic mechanism with increased dermal vascularity and immune cell 
infiltration. Microvascular modifications in psoriasis are characterized by angiogenesis and vascular expansion in both 
the superficial dermis and dermal papillae, which can help to diagnose psoriasis.2 Proinflammatory cytokines could 
promote the division and invasion of vascular endothelial cells (VECs) and induce angiogenesis. Moreover, endothelial 
cells (ECs) from the endothelium overexpress the high-affinity receptor for VEGF.3 This manifestation in psoriasis 
occurs through the involvement of TGF-α (transformation growth factor-α) and EGF (epidermal growth factor) secreted 
by keratinocytes and macrophages.4,5 To date, abundant proangiogenic factors have been investigated, including VEGF, 
basic fibroblast growth factor (bFGF), matrix metalloproteinases (MMPs), angiogenin (Ang), interleukin-17 (IL-17), and 
tumor necrosis factor-α (TNF-α).6–8 These growth factors and cytokines play crucial roles not only in angiogenesis but 
also in inflammation, and they form a feedback loop, which aggravates the interaction and complexity between 
inflammation and angiogenesis. The production of these abundant proangiogenic factors by VECs leads to the initiation 
of angiogenesis at the early development stage of psoriasis. The evaluation of cutaneous vascularity is regarded as a vital 
parameter for disease prognosis and recovery for patients with psoriasis.9 In recent years, psoriasis has been treated by 
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inhibiting keratinocyte proliferation and targeting two major pathogenic pathways, namely inflammation, and 
angiogenesis.

The occurrence of wounds, tumors, and inflammatory diseases is accompanied by angiogenesis, which refers to the 
formation of new blood vessels based on the existing ones.10 Angiogenesis mainly involves three steps: proliferation, 
invasion, and new vessel generation by VECs.11 The angiogenetic process is tightly regulated by abundant proangiogenic 
factors and diverse antiangiogenic inhibitors. Effector cells of cutaneous inflammation, such as macrophages, lympho-
cytes, and mast cells, are the most important sources of the vast array of angiogenic factors. The precise pathogenetic 
mechanism of angiogenesis in psoriasis has been fully elucidated. According to previous studies, VEGF is highly 
elevated in lesions and peripheral blood of patients with psoriasis, and the plasma VEGF level is markedly associated 
with the severity of the clinical presentation of psoriasis.12,13 VEGF is the most important factor in the occurrence of 
many angiogenic-related diseases. Previous studies have confirmed a close correlation between many other proangio-
genic mediators and VEGF levels in the skin lesions of patients with psoriasis.14 These factors could induce EC growth, 
accompanied by the generation of additional proangiogenic factors, including Ang-2, bFGF, and MMP-2. Several studies 
have also shown that Ang-2 expression is remarkably elevated in psoriatic lesions relative to that in healthy individuals 
and that serum bFGF level is distinctly higher in patients with psoriasis.15 The content of VEGF and bFGF in blood 
samples consistently decline following therapy with angiogenesis inhibitors that target vasoproliferation. Ang-2, another 
essential proangiogenic factor, together with VEGF, could destabilize the capillaries at the primary stage of vessel 
formation by binding to its receptor Tie-2.16 Collectively, these findings indicate the pathogenetic role of the potential 
relationship between VEGF and other angiogenic factors in a VEGF-dependent manner in psoriasis. In recent years, 
epidermal growth factor-like repeats and discoidin I-like domains 3 (EDIL3), a novel angiogenic factor, have been 
increasingly investigated in the progression and prognosis of many tumors, and it also related to inflammation and 
angiogenesis.17,18 Some studies have shown that EDIL-3 and VEGF exert a capillary destabilization effect to initiate 
angiogenesis by binding to the corresponding receptor integrin.

As an extracellular matrix protein, EDIL3 contains the Arg-Gly-Asp (RGD) motif that binds to the specific receptor 
integrin.19 This protein interacts with integrins and phospholipids and then regulates the host inflammatory disorders 
(from immune cell recruitment to the alleviation of inflammation).20 Recent findings indicate that EDIL3 participates in 
various biological processes, including angiogenesis, cellular proliferation and migration, and regulation of immunity, 
and thus, it could be a valuable disease biomarker in inflammatory diseases and tumors.21,22 In recent years, our studies, 
for the first time, showed increased EDIL3 mRNA and protein expression levels in dermis mesenchymal stem cells 
(DMSCs) in psoriatic patients;23 however, additional investigations are required to obtain further insights. The present 
study aimed to investigate the effect of EDIL3 on other angiogenic mediators and the relevant mechanism in psoriasis- 
associated angiogenesis.

Materials and Methods
Subjects
The study sample comprised 30 patients with psoriasis and 30 breast cancer patients after surgical resection without skin 
disease as controls. Samples were obtained from outpatients with psoriasis in the Taiyuan Central Hospital of Shanxi 
Medical University. We collected normal human umbilical cords from 8 patients with cesarean sections. All subjects 
provided informed consent before sampling. The study received ethical approval from the Ethics Committee of Taiyuan 
Central Hospital (Approval No. 2018010). We performed punch skin biopsies (4–6 mm) on the affected psoriatic skin 
(PP) and normal skin (NN). No topical or systemic treatment was applied to the PP skin in the 12 weeks before sampling.

Immunohistochemical Assay of Human Skin Lesions
Biopsy samples of healthy control skin tissues and subjects with psoriasis were subjected to immunohistochemical assay. 
After dewaxing with xylene and gradient ethanol, paraffin sections were blocked with 3% hydrogen peroxide to block 
endogenous peroxidase activity. This was followed by sequential incubation with antibodies (anti-EDIL3, 1:500; anti- 
VEGF, 1:500) (Abcam, UK), polymer helper, and poly-HRP anti-mouse IgG. The sections were later dehydrated and sealed 
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in accordance with the protocol for hematoxylin and eosin (HE) staining. A microscope (Olympus, Japan) was used to 
capture images.

Five fields (100x) were selected randomly to determine the mean positively stained cell percentage, which was graded 
as 0–4, representing 0%, 1–25%, 26–50%, 51–75%, and 76–100%, respectively. The mean percentage of brown or dark 
yellow particles within the cytoplasm was rated as 0–3, indicating no staining, light brownish yellow, brownish yellow, 
and tan staining, respectively. These two scores were multiplied to acquire the final scores as follows: 0 (negative), 1–3 
(weakly positive), 4–6 (positive), and 8–12 (strongly positive).

Cell Culture
Human umbilical vein endothelial cells (HUVECs) were obtained from the 5- to 8-cm-long human umbilical cord. 
HUVECs were isolated and cultured in endothelial basal medium (EBM, Lonza, Switzerland) containing EGM-2 (Lonza) 
until passage 3, followed by incubation in a 5% CO2 incubator with 100% humidity at 37 °C. To conduct experiments, 
we collected HUVECs of passage 3.

RNA Interference Assay
EDIL3 expression in HUVECs was inhibited in vitro by RNA interference. A small interference RNA (siRNA) 
targeting human EDIL3 was constructed. At 24 h before transfection, 1×105 cells/well were seeded onto 6-well plates 
for transfection using Lipofectamine 2000 reagent in accordance with the manufacturer’s protocol (Invitrogen, USA). 
Briefly, 100 µL of siRNA and 10 µL of Lipofectamine 2000 reagent were incubated in 100 µL of EBM medium for 30 
min at 37 °C before treatment. Negative control (NC) sequence was transfected into the scramble group, while no 
treatment was applied to the blank control group. Cell morphology was observed using a confocal microscope. The 
cells were harvested after transfection for 24 h for subsequent analyses. EDIL3 siRNA sequences were as follows: 
forward (F) 5ʹ-GGUGAUAUUUGUGAUCCCATT-3ʹ, reverse (R) 3ʹ-UGGGAUCACAAAUAUCACCTT-5ʹ; NC 
RNA: (F) 5ʹ-UUCUCCGAACGUGUCACGUTT-3ʹ, (R) 3ʹ-ACGUGACACGUUCGGAGAATT-5ʹ.

Cell Proliferation Assay
Cell counting kit-8 (CCK-8, Boster, China) was used to assess the viability of HUVECs. A 100 µL suspension with 1000 
HUVECs was obtained and added to a 96-well plate. The cells were then cultured in a 5% CO2 incubator with 100% 
humidity at 37 °C. After overnight incubation, CCK-8 solution (10 µL/well) was added, and HUVECs were incubated at 
37 °C for a 2-h period. Optical density (OD) values in all wells were determined with the enzyme-marked analysis 
system (PerlonQ Instruments, China) at 450 nm. This assay was conducted thrice.

Transwell Assay
The 24-well Transwell chambers (polyester membrane, pore size: 8 µm; Corning, USA) were used for HUVEC migration 
assay. The cells were resuspended in serum-free DMEM/F12 (100 µL) at the density of 4×104 cells and the suspension 
was introduced into the top chamber. EBM (600 µL) containing EGM-2 as the chemoattractant was added to the bottom 
chamber. After 24 h of incubation in 5% CO2 at 37 °C, the migration of HUVECs through the polyester membrane was 
observed. Next, one cotton swab was used to remove cells from the top membrane surface, while 4% paraformaldehyde 
was added to fix cells that migrated into the lower membrane for 30 min, followed by 0.1% crystal violet staining for 20 
min at ambient temperature. Finally, an inverted microscope (Olympus, Japan) was used to visualize and capture images 
of the migrating cells. The number of migrating cells in three randomly selected fields was determined, and ImageJ 
software (NIH, USA) was used for data analysis.

Tube Formation Assay in vitro
Under the in vitro condition, the Matrigel basement membrane matrix thawed under 4 °C (mimicking the natural 
basement membrane matrix in ECs; BD Biosciences, USA) was used to assess tube formation in HUVECs. Each 
procedure was conducted in a sterile environment on ice. After Matrigel thawing, it was pipetted in precooled 96-well 
plates and incubated for 120 min at 37 °C. After Matrigel polymerization, 2×104 cells were suspended in 100 µL EC 
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medium prior to seeding onto the Matrigel. A microscope (Olympus, Japan) was used to capture images after 6 h, 
followed by analysis with ImageJ software.

Western Blotting Assay
RIPA buffer (Beyotime, China) and the protease inhibitor PMSF (Solarbio, China) (RIPA: PMSF ratio = 100:1) were 
used to extract total proteins. The extracted proteins were centrifuged at 13,000 g and 4 °C for 10 min. The BCA protein 
assay kit (Solarbio, China) was used to quantify the protein content. An automatic protein analyzer (Wes & Jess, USA) 
was used for the Western blotting assay in accordance with the specific protocols, and β-actin was used as a reference. 
The blots were then incubated with rabbit anti-human antibodies against β-actin (CST, USA), EDIL3, VEGF, and 
VEGFR2 (all from Abcam, UK).

Statistical Analysis
SPSS 22.0 was used for statistical analysis. The experimental results were expressed as mean difference ±standard 
deviation. Independent sample t-test was conducted to compare two groups, and ANOVA was used to compare several 
groups. A p-value of <0.05 was considered statistically significant.

Results
EDIL3 and VEGF Levels in Psoriatic Skin Lesions Correlated with the Psoriasis Area 
and Severity Index
We compared the expression levels of VEGF and EDIL3 in the skin tissues of the two groups. The results showed intense 
immunostaining of VEGF and marked overexpression of EDIL3 in the biopsy samples of patients with psoriasis as 
compared to those in control individuals (Figure 1a). To further understand the relationship between proangiogenic 
factors and psoriasis, the expression levels of VEGF and EDIL3 and the Psoriasis Area and Severity Index (PASI), which 
is a frequently used method to assess the severity of psoriasis, were analyzed. The results showed that the EDIL3 level 
was correlated with the PASI (p < 0.05, r = 0.811) (Figure 1b). The elevated expression level of VEGF was also 
positively correlated with the PASI (p < 0.05, r = 0.784) (Figure 1c). These results may suggest that the two 
proangiogenic factors play an important role in the progression of psoriasis.

EDIL3 Promoted VEGF and VEGFR2 Expression in ECs
EDIL3 is a new angiogenic molecule expressed specifically in early embryonic ECs. We used siRNA and the 
recombinant EDIL3 protein to investigate the relationship between EDIL3 and VEGF. Western blotting assay 
(Figure 2a) revealed that the EDIL3 level of the siRNA group (si-EDIL3) remarkably decreased relative to the control 
group. VEGF and VEGFR2 levels are shown in Figure 2b. The results revealed that the decrease in EDIL3 level 
drastically reduced VEGF and VEGFR2 levels. The human recombinant EDIL3 protein induced VEGF and VEGFR2 
expression in ECs (Figure 2b). These findings indicate that EDIL3 may have a critical effect on psoriasis-associated 
angiogenesis through VEGF.

EDIL3 Enhances the Growth, Migration, and Tube Formation of ECs
To determine whether EDIL3 is involved in psoriasis-associated angiogenesis, EDIL3 was silenced in HUVECs in vitro. 
siRNA knockout and recombinant EDIL3 were used to investigate the role of EDIL3. The results showed that silenced 
EDIL3 suppressed the proliferation (0.46 ±0.07 vs 0.33 ±0.05, p < 0.05) (Figure 3), migration (35.33 ±11.33 vs 18.70 
±7.60, p < 0.05) (Figure 4), and tube formation (2.34 ±0.67 vs 0.44 ±0.34, p < 0.05) (Figure 5) of ECs. In contrast, the 
exogenous recombinant EDIL3 protein induced the proliferation (0.46 ±0.07 vs 0.58 ±0.06, p < 0.05) (Figure 3), 
migration (35.33 ±11.33 vs 58.67 ±17.51, p < 0.05) (Figure 4), and tube formation (2.34 ±0.67 vs 3.87 ±1.16, p < 
0.05) (Figure 5) of ECs. Collectively, EDIL3 successfully enhanced proliferation, migration, and neovascularization by 
ECs. The functional changes in ECs occurred parallelly with changes in the expression levels of EDIL3, VEGF, and 
VEGFR2. This finding indicated that EDIL3 and VEGF were closely associated with the angiogenesis process.
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Discussion
The pathogenetic mechanism underlying the development of psoriasis is aberrant keratinocyte growth and differentiation, 
infiltration of inflammatory cells, and aberrant dermal microvascular changes, which interact with each other through 

Figure 1 Results of immunohistochemical assay. EDIL3 and VEGF expression levels were upregulated in psoriatic skin lesions and were correlated with the PASI. (a) EDIL3 
and VEGF expression levels in psoriatic skin lesions (PP) and normal skin (NN) were determined by immunohistochemical assay using antibodies against EDIL3 and VEGF. 
The brown section of the photomicrographs indicates the positive expression of EDIL3 or VEGF (magnification: 20×). (b) EDIL3 overexpression in psoriatic skin lesions was 
positively correlated with the PASI (p < 0.05, r = 0.811). (c) VEGF overexpression in psoriatic skin lesions was positively correlated with PASI (p < 0.05, r = 0.0784).
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cytokines and thus affect each other24,25 in a manner similar to the positive feedback loop. EDIL3 can enhance 
angiogenesis and suppress leukocyte recruitment into the inflammation sites.26,27 Thus, EDIL3 is not only 
a proangiogenic factor but also an endogenous anti-inflammatory molecule. Psoriasis is suggested to be a lymphocyte- 
driven disorder with the major manifestation of dermal microvascular expansion within the lesions, thus, indicating the 
angiogenesis-dependent nature of psoriasis;28,29 the dilatation of dermal capillaries is a characteristic histological finding 
in psoriasis.30 Microvascular alterations detected during psoriasis have been thought to be related to angiogenesis. 
Numerous known angiogenic factors, such as VEGF, are overexpressed in psoriasis lesions.31 Presently, many immu-
nosuppressive drugs, such as calcipotriol and CyA can inhibit angiogenesis induced by VEGF in psoriasis.28 Hence, 
antiangiogenic strategies may represent a valid approach for drug development for treating psoriasis.28 Our results were 
consistent with previous reports regarding VEGF expression in psoriasis. Interestingly, increased EDIL3 expression was 
also observed in the present study. We also found that EDIL3 and VEGF levels in psoriatic lesions showed a positive 
correlation with disease severity. Collectively, EDIL3 plays a critical role in the pathogenesis of psoriasis, and there is 
a close relationship between VEGF and EDIL3, the mechanism of which remains unknown.

Figure 2 Images of Western blotting assay. (a) After EDIL3 knockdown in ECs, the expression of EDIL3 was detected. The image shows that EDIL3 expression in the si- 
EDIL3 group was significantly lower than that in the control group. (b) VEGF and VEGFR2 protein levels in the cells of both groups were determined by Western blotting 
assay. EDIL3 promoted VEGF and VEGFR2 expression in ECs.

Figure 3 Quantitative analysis of the proliferation capacity of ECs. The results of CCK-8 assay showed the proliferation levels of the cells in each group. The mean OD value 
was calculated to evaluate EC proliferation in different groups. (*p < 0.05 was considered significant).
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As an extracellular matrix protein, EDIL3 can interact with integrins and phospholipids and then regulate host 
inflammatory disorders.19,20 Recent findings indicate that EDIL3 participates in various biological processes,21 including 
angiogenesis, cell proliferation and migration, and regulation of immunity, and thus, it could be a valuable disease 
biomarker in inflammatory diseases and tumors.22 In the angiogenesis process during early embryonic development32 and 

Figure 4 Effect of EDIL3 on the migration of ECs. The number of cells that migrated into the lower chamber was counted directly. The violet section of the 
photomicrographs indicates the migrated cells. (*p < 0.05 was considered significant).

Figure 5 Effect of EDIL3 on the tube formation capacity of ECs in vitro. Quantification of the numbers of mesh in different groups to show their tube formation ability. The 
recombinant EDIL3 protein significantly increased the tube formation ability of ECs. EDIL3 silencing decreased the number of meshes. (*p < 0.05 was considered significant).
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in tumor33 and ischemic tissues,26 EDIL3 functions as a critical factor that regulates EC activities. In the present study, 
EDIL3 affected VEGF expression, and VEGF was positively correlated with EDIL3. Furthermore, the overexpression of 
EDIL3 and VEGF enhanced EC growth, migration, and tube formation in vitro. VEGF and EDIL3 exerted a synergistic 
effect on angiogenesis in psoriasis. The interaction of VEGF and EDIL3 with each other suggests that EDIL3 could be 
used as a novel complementary prognostic marker and a therapeutic target to inhibit psoriasis-associated angiogenesis.

Conclusions
Psoriasis is not only a disorder between inflammation and proinflammatory regression, but it also indicates an imbalance 
between angiogenesis and inflammation. The mutual modulation of inflammation and angiogenesis could help to achieve 
the optimal treatment of psoriasis. Based on our present study, we speculate that EDIL3 is involved in this imbalance and 
could be a key molecule. More investigations focused on EDIL3 are required, as it seems to be a critical factor related to 
both angiogenesis and proinflammatory regression.
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