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Purpose: Our recent studies found a splice region mutation in C3 accompanied by a significantly increased C3 in psoriatic peripheral 
blood. Mesenchymal stem cells (MSCs) are a key immunological suppression cell. We further investigate the regulation of MSCs on 
C3 in psoriasis.
Patients and Methods: We analyzed the C3 and its upstream S100A9, S100A8 and downstream MCP1 in psoriatic and control skin, 
and in normal human epidermal keratinocytes (NHEKs) co-cultured with psoriatic versus control dermal-derived mesenchymal stem 
cells (DMSCs) by mRNA, iTRAQ (isobaric tags for relative and absolute quantitative) and simple Western analysis.
Results: The mRNA and Simple Western analysis showed that the expression of C3, S100A8 and S100A9 are upregulated in psoriatic 
lesion (C3: mRNA, 9.23-fold, p = 0.0092; protein, 3.56-fold, p = 0.0244. S100A8: mRNA, 28.35-fold, p = 0.0015; protein, 4.68-fold, 
p = 0.0215. S100A9: mRNA, 79.45-fold, p = 0.0066; protein, 12.42-fold, p > 0.05). Moreover, the iTRAQ showed that C3 and 
S100A9 were significantly increased in NHEKs after co-cultured with psoriatic DMSCs compared to that of control DMSCs (C3: 
3.40-fold, p = 0, FDR = 0; S100A9: 2.30-fold, p = 9.86E-241, FDR = 6.50E-239), verified by Simple Western. However, the 
expression of S100A8 and MCP1 was slightly different between the two groups.
Conclusion: Our results suggest that psoriatic DMSCs contribute to the increased C3 expression in psoriatic lesion via upregulating 
S100A9, providing the theoretical basis for the role of C3 and DMSCs in the pathogenesis of psoriasis.
Keywords: psoriasis, dermal mesenchymal stem cells, keratinocytes, C3, S100A9

Introduction
Psoriasis is a common chronic recurrent inflammatory disease.1 According to the World Health Organization’s global 
report on psoriasis, it affects more than 2% of the world’s population,2 and its incidence rate has increased from 0.123% 
in 1984 to 0.47% in China.3 Psoriasis is mainly caused by abnormal immune response induced by excessive proliferation 
of keratinocytes (KCs) and the migration of immature keratinocytes to the epidermis.4,5 High recurrence rates seriously 
affect patients’ quality of life, which is a huge challenge for global public health.

Complement system is an inflammatory protein in the peripheral blood and tissue fluid. Complement C3, an important 
molecule in the complement pathway, plays an important role in both bypass and classical pathways. Studies showed that 
C3 protein is increased in serum, plasma, peripheral blood. Moreover, we found a splice region mutation of C3 and 
a significantly increased C3 protein in monozygotic twins discordant for psoriasis in our previous study.6 The increased 
C3 expression may be originated from the local environment with high expression of TNF-α, IFN-γ and S100A8- 
S100A9.7

Mesenchymal stem cells (MSCs) are a type of progenitor cells with the function of immune regulation widely existing 
in various tissues. MSCs play a role in promoting angiogenesis and vascular proliferation,8–10 which are the most obvious 
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pathological changes of psoriasis. Li et al found that human umbilical cord MSCs can inhibit C3a-C3aR signaling in 
chronic unpredictable mild stress model mice.11 MSCs constitutively secrete factor H, a factor prohibiting the production 
of and inducing the degradation of C3.12 Dermal mesenchymal stem cells (DMSCs) are a type of pluripotent stem cells 
isolated from skin tissue. DMSCs not only participate in the regeneration of skin tissue but also affect the skin 
microenvironment by secreting cytokines, growth factors and chemokines. Given that the external performance of 
psoriasis is skin, DMSCs have important implications for the pathophysiology of psoriasis. In the previous studies, 
DMSCs derived from psoriatic lesional skin, inhibit T lymphocyte proliferation,13 express vascular endothelial growth 
factor (VEGF), promote local angiogenesis,14 and induce the proliferation of KCs,15,16 resulting in local dermal 
thickening. However, the effect of DMSCs on the C3 expression of psoriatic was unknown. In this study, we investigated 
the impact of psoriatic DMSCs on C3 in the normal human epidermal keratinocytes (NHEKs).

Materials and Methods
Specimen Source
Eleven Chinese Han patients with quiescent psoriasis vulgaris who agreed to undergo plastic surgery at Taiyuan City 
Centre Hospital (6 women and 5 men, mean age 32.1 years), and eleven healthy controls (5 women and 6 men) were 
recorded in this study. Based on clinical and pathological characteristics, psoriasis vulgaris was diagnosed. Psoriasis area 
and severity index (PASI) scores were between 9.1 and 30.1 (mean 15.5) (Table 1). None of the patients had a related 
family history or other autoimmune diseases and had not received systematic treatment for at least 6 months before 
taking a skin sample. The volunteers did not develop systemic or autoimmune diseases. The experiment was approved by 
the medical ethics committee of Taiyuan City Centre Hospital, and the experiment is in accordance with the Declaration 
of Helsinki. All subjects were informed about the purpose of the study and provided written consent.

Isolation and Expansion of Dermal-Derived Mesenchymal Stem Cells
Dermal mesenchymal stem cells (DMSCs) are a type of pluripotent stem cells isolated from skin tissue. The methods of 
isolation, culture and identification of DMSCs were consistent with previous reports.17 The cell separation methods for 
normal skin and psoriasis lesion were referred to the above processes. The purity of the DMSCs was verified by using the 
flow cytometry (Beckman Coulter, Brea, CA, USA) with cell surface markers (negative for CD45, CD34, HLA-DR, but 
positive (>95%) for CD90, CD44, CD105, CD29, CD73, data not shown).

Table 1 Basic Information of Patients

Sample Gender Age Illness Duration PASI

1 Female 35 10 years 13.0

2 Female 29 10 years 18.9

3 Male 26 4 years 10.2

4 Female 18 10 years 12.6

5 Male 47 3 years 10.0

6 Male 42 12 years 9.1

7 Female 35 15 years 13.8

8 Male 20 1 months 13.3

9 Male 27 5 years 19.8

10 Female 50 22 years 30.1

11 Female 24 2 months 19.2
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Co-Culture of Dermal-Derived Mesenchymal Stem Cells with Normal Human 
Epidermal Keratinocytes (NHEKs)
The specific experimental procedure is the same as the previous report.18 In brief, the 2 × 105 NHEKs were inoculated in 
Transwell plate at passages 2–4 for co-culture with DMSCs of eleven psoriasis and eleven control in a 5% CO2 incubator 
at 37°C, respectively. In the co-culture experiment, eleven cases were performed in the P-DMSCs-Treated NHEKs group 
and C-DMSCs-Treated NHEKs group, respectively, in which cases were carried out in four batches. Untreated NHEKs 
group has four cases, and the experiment was also carried out in four batches. After 48 h, the cells were collected for 
further analysis. The NHEKs co-cultured with psoriatic and control DMSCs were labeled as “P-DMSC-Treated NHEKs” 
and “C-DMSC-Treated NHEKs”, respectively. The NHEKs in the absence of DMSC were labeled as “Untreated 
NHEKs”.

Quantitative Analysis of Protein Expression Using iTRAQ
The co-culture of NHEKs with five psoriatic DMSCs and five control DMSCs were used for iTRAQ. Experiment 
operation in accordance with our previous report.19 First, we added appropriate amount of lysate and protease inhibitor, 
and then proteins were extracted by using an ultrasonic disruptor on the ice. Finally, the supernatant was collected after 
centrifugation at 4°C, and marked with iTRAQ. For the purpose of the data analysis, we established a reference database 
by using a list of standard peaks. The relative expression levels among samples were compared by t-test to determine the 
pivotal proteins of interest.

RNA Isolation and Quantitative RT-PCR Analysis
According to the operation's introduction, the tissue is placed into a mortar and is ground with liquid nitrogen. Trizol® 

Reagent (Ambion, USA) is designed to isolate high-quality total RNA from tissue samples, then cDNA synthesis was 
carried out using a PrimeScriptTM RT Master Mix Kit (Takara, Japan), and the reaction was performed at 37°C for 15 
min and 85°C for 5 s. Quantitative RT-PCR was performed in a 7500 Real-Time PCR instrument (Applied Biosystems, 
Singapore) and PCR condition was 40 cycles of amplification (95°C, 15 s; 60°C, 30 s; and 72°C, 30 s). The relative 
amount of mRNA was calculated using the 2−ΔΔCt with the expression of β-actin was used as an internal reference. 
Primer sequences are shown in Table 2.

Simple Western Analysis
According to the operation introduction, a Wes system is using 25-capillary cartridges of 12–230 kDa Separation Module 
(Proteinsimple, USA) and the Anti-Rabbit Detection Module (Proteinsimple, USA) for Simple Western analysis. In brief, 
combined 1 part 5× Fluorescent Master Mix with 4 parts diluted lysate of cells in a microcentrifuge tube, and heated for 5 

Table 2 Primer Sequences Used in This Experiments

Genes Primers

C3 Forward 5’ - TCACCGTCAACCACAAAGCTGCTACC - 3’

Reverse 5’ - TTTCATAGTAGGCTCGGATCTTCCA - 3’

S100A8 Forward 5’ - ATGCCGTCTACAGGGATGAC - 3’

Reverse 5’ - ACTGAGGACACTCGGTCTCTA - 3’

S100A9 Forward 5’ - GGTCATAGAACACATCATGGAGG - 3’

Reverse 5’ - GGCCTGGCTTATGGTGGTG - 3’

β-actin Forward 5′ - CTACAATGAGCTGCGTGTGGC - 3′

Reverse 5′ - CAGGTCCAGACGCAGGATGGC - 3′
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min at 95°C. The biotinylated ladder, samples, blocking buffer, primary antibodies (Abcam, Cambridge, UK), secondary 
antibodies, luminol-peroxide mix substrate, and wash buffer were added to designated wells in a 25-capillary cartridge. 
Once the run is complete, the data are analyzed with Compass software.20 The expression of β-actin was used as an 
internal reference.

Statistical Analysis
All data were shown as mean ± standard deviation and were analyzed using a paired Student’s t-test. Linear correlation 
analysis was used to analyze the correlation between protein expression and PASI score. Differences were considered 
statistically significant when the value of p < 0.05.

Results
The Expression of C3, S100A8 and S100A9 Increased in Psoriatic Lesion
As shown in Figure 1A and E, both the mRNA and protein expression of C3 (mRNA, 9.230 vs 1.000, p = 0.0092; 
protein, 0.6500 vs 0.1825, p = 0.0244) were significantly increased in psoriatic lesion compared to that of control skin. 
Furthermore, the expression of S100A8 and S100A9, the inducer of C3, were significantly upregulated in psoriatic 
lesion. The mRNA and protein expression of S100A8 were 28.35-fold (p = 0.0015) and 4.68-fold (p = 0.0215) 
upregulated, respectively (Figure 1B and F). Consistently, the mRNA and protein expression of S100A9 were 79.45- 
fold (p = 0.0066) and 12.42-fold upregulated, respectively (Figure 1C and G). Figure 1D showed Western blot images of 
C3, S100A8 and S100A9 (Figure 1D). Though the increase C3 expression was found in psoriasis, the local environment 
reason should be studied.

Figure 1 The mRNA expression levels of C3 (A), S100A8 (B) and S100A9 (C) in psoriatic and control tissues (n = 6); The images of Western blot (D); Protein expression 
levels of C3 (E), S100A8 (F) and S100A9 (G) in psoriatic and control tissues, and the Simple Western Analysis (n = 8).
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Psoriatic DMSCs Increased the C3 Expression in NHEKs Co-Cultured with Psoriatic 
DMSCs
MSCs, an inhibitor of C3 function, were reported to play an important role in psoriasis. To investigate the contribution of 
DMSCs to increase C3 expression in psoriasis, we examined the C3 expression in NHEK after co-cultured with psoriatic 
DMSCs. The iTRAQ results in five of eleven individuals showed that co-culture of NHEKs with psoriatic versus control 
DMSCs upregulated the expression levels of C3 (3.40-fold, p = 0, FDR = 0), being the significant upregulation protein 
(Figure 2A). Moreover, the Simple Western analysis results also showed that the co-culture of NHEKs with psoriatic 
versus compared to that of control DMSCs and untreated NHEKs significantly upregulated the expression levels of C3 
(untreated NHEKs vs P-DMSCs-Treated NHEKs, 1.600 vs 2.392, p > 0.05, P-DMSCs-Treated NHEKs vs C-DMSCs- 
Treated NHEKs, 2.392 vs 0.857, p = 0.0011, Figure 2B), being in good agreement with that of iTRAQ. The above results 
indicated that psoriatic DMSCs contributed to the increased C3 expression in psoriatic lesion.

Figure 2 Protein expression of iTRAQ and the Simple Western Analysis. Protein expression levels of C3 in normal human epidermal keratinocyte cells (NHEKs) co- 
cultured with psoriatic and control dermal mesenchymal stem cells (DMSCs) assessed by iTRAQ (A), and in NHEKs co-cultured with psoriatic and control DMSCs and 
untreated NHEKs assessed by Simple Western Analysis (n = 11), and the images of Western blot (B). By that analogy, protein expression levels of S100A9 by iTRAQ (C) and 
the Simple Western Analysis ((D), n = 11), protein expression levels of S100A8 by iTRAQ (E) and the Simple Western Analysis ((F), n = 11).
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C3 Upstream-S100A8, S100A9 Expression Increased in NHEKs Co-Cultured with 
Psoriatic DMSCs
S100A9 and S100A8 are the upstream of C3,7 adjusting the protein expression levels of C3. To investigate the induced 
mechanism of DMSCs on increased C3 expression, S100A9 and S100A8 were also evaluated. The iTRAQ results showed 
that both the expression of S100A9 (2.30-fold, p = 9.86E-241, FDR = 6.50E-239) and S100A8 (2.33-fold, p = 3.55E-34, 
FDR = 3.06E-33) were increased in NHEKs co-cultured with psoriatic DMSCs compared to that of control DMSCs 
(Figure 2C and E). In agreement with iTRAQ, the Simple Western analysis results showed that the expression of S100A9 
was markedly upregulated in NHEKs co-cultured with psoriatic DMSCs compared to that of control DMSCs and untreated 
NHEKs (untreated NHEKs vs P-DMSCs-Treated NHEKs, 0.643 vs 1.575, p = 0.0190, P-DMSCs-Treated NHEKs vs 
C-DMSCs-Treated NHEKs, 1.575 vs 0.562, p = 0.0013, Figure 2D). Meanwhile, the expression of S100A8 was slightly 
increased in NHEKs co-cultured with psoriatic DMSCs compared to that of control DMSCs and untreated NHEKs (2.516 vs 
1.422), though the p value was higher than 0.05 (Figure 2F). However, the expression of MCP1 (the downstream of C3)7 was 
similar in NHEKs co-cultured with psoriatic DMSCs and control DMSCs (4.855 vs 6.185, p > 0.05, Figure 3A). The above 
results suggested that psoriatic DMSCs induce C3 expression was likely by upregulation of S100A9 in psoriatic lesion.

Figure 3 Protein expression of the Simple Western Analysis. Protein expression levels of MCP1 (A) in NHEKs co-cultured with psoriatic and control DMSCs assessed by 
Simple Western Analysis, and the images of Western blot; Linear correlation analysis for C3 (B) and S100A9 (C) levels with Psoriasis Area and Severity Index (PASI) score.
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Linear Correlation Analysis Between Proteins and PASI Score
Correlation analysis is performed between the expression levels of protein and PASI score, and the statistical results show 
that the protein C3 with the value of p is 0.2233 (r = 0.3996), the protein S100A9 with the value of p is 0.9197 (r = 
0.03453). Accordingly, the expression level of C3 and S100A9 did not correlate with PASI score in psoriatic patients 
(Figure 3B and C). The results revealed that the C3 and S100A9 expression increased in NHEKs co-cultured with 
psoriatic DMSCs, did not play an obvious role in the formation of psoriasis area and severity, which may play an impact 
on the pathogenesis rather than the progression of psoriasis.

Discussion
Psoriasis is a complex pathophysiological disease that has been shown to be based on the interaction between immune 
cells and keratinocytes.21 Dysregulation of KCs proliferation and differentiation is a major feature of psoriasis.22

C3 acts as a potent activator for immune cells and can be produced by keratinocytes in the body.23 The expression 
level of C3 was increased in the psoriasis lesions7 and may contribute to the inflammatory response of psoriasis.24–26 

Psoriatic patients had a local environment that promoted the expression of C3, such as the high level of TNF-α and IFN- 
γ.27 Moreover, the treatment inflammatory mouse model with C3 inhibitors can significantly reduce the psoriatic skin 
lesions.7 Additionally, the clinical treatment of psoriasis decreased the expression levels of C3. At present, PUVA is the 
main means of physical therapy for psoriasis, reducing the expression of IFN-γ stimulated keratinocytes producing C3 in 
a dose-dependent manner.28 Anti-TNF-α antibody, a biological agent widely used in the treatment of psoriasis, 
significantly downregulated the C3 expression.29 Therefore, the above mentioned research showed that C3 plays an 
important role in the pathogenesis of psoriasis. In this study, we found that the C3 expression in NHEKs was significantly 
increased after co-cultured with psoriatic DMSCs, indicating that psoriatic DMSCs participate in the pathogenesis of 
psoriasis by modulating the expression of C3.

S100A8-S100A9 regulate the expression of C3 by combining with the C3 promoter region. S100A8-S100A9 was 
thought to be a pivotal factor in psoriasis with an increased expression in psoriatic lesions. Schonthaler7 et al suggested 
that the deletion of S100A8-S100A9 can prevent psoriasis, revealing that the upregulation of S100A8-S100A9 may be 
the trigger of disease. S100A8, S100A9 and MCP1 have the specific chemotactic activation, mediate intracellular 
inflammatory signal transduction pathways,30 and play an important role in the regulatory of inflammation.31 

Moreover, they had extensive biological functions and participated in multiple biological processes. Hence, they are 
important proinflammatory cytokines. After the co-culture of NHEKs with psoriatic DMSCs, a very similar protein 
expression pattern was observed, including significantly upregulated expression of S100A8 and S100A9. S100A8- 
S100A9 participate psoriasis through its regulatory of inflammation both by direct regulation and indirect regulation 
via targeting C3.

In recent years, the role of skin derived MSCs in the pathogenesis of psoriasis has attracted extensive attention. The 
functions of MSCs include but are not limited to promoting wound healing,32 inhibiting T cell proliferation,13 affecting 
angiogenesis,8 and inducing KCs proliferation.16 These biological effects are mediated mainly by direct contact between 
cells, especially by paracrine effects. Recent studies have shown that DMSCs affect KCs connection, proliferation, 
differentiation, migration, and glucose metabolism through paracrine action.19 We hypothesized that the increased 
expression of S100A9 and C3 may promote keratinocytes proliferation.

Conclusion
In this study, direct contact between NHEKs and DMSCs was avoided by co-culture. Therefore, the effect of DMSCs on 
NHEKs is caused by the products secreted by DMSCs. In addition, it was also found that psoriatic DMSCs show 
a different regulation on keratinocytes from control DMSCs. Taken together, co-culture of NHEKs with psoriatic DMSCs 
upregulated the expression of C3 and S100A9, providing further evidence for the pathogenesis of psoriasis induced by 
DMSCs. However, the pathogenesis of psoriasis induced by increased C3 expression remains to be further studied.
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