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Purpose: Psoriasis is a common cutaneous disease with multiple characteristics including 
inflammation and aberrant keratinocyte proliferation. However, the pathogenesis of psoriasis 
is not completely clear yet. The objective of this study is to perform an in-depth analysis of 
the association between SPRR and LCE in the pathogenesis of psoriasis.
Methods: In this study, we explore the differentially expressed genes (DEGs) in psoriasis by 
analyzing different gene expression profiles obtained from the Gene Expression Omnibus 
(GEO) database. The DEGs were examined using gene ontology (GO) functional enrichment 
analysis and protein–protein interactions (PPI) network. Correlation analysis in R studio 
software was used to analyze the association between SPRR and LCE genes. Further, 
potential direct protein–protein interactions between SPRR proteins and LCE3D were ver-
ified by co-localization observations and co-immunoprecipitation (CO-IP) assays in 293T 
cells. Also, the expression levels of SPRR and LCE genes were detected in lesional skin of 
the IMQ-induced psoriasiform dermatitis mice using RT-PCR.
Results: Interestingly, the small proline-rich (SPRR) and late cornified envelope (LCE) 
genes were identified as a module in the constructed PPI network. And the analysis of the 
gene expression profile GSE63684 showed that both SPRR family and LCE family genes 
were significantly upregulated in imiquimod (IMQ) induced psoriasiform dermatitis mice. 
Also, the correlation analysis in R studio software recognized the association of SPRR and 
LCE genes, which were further verified by co-localization and co-immunoprecipitation (CO- 
IP) assays in 293T cells, and the results show that the direct interactions between SPRR2 and 
LCE3D. Notably, we also found that the expression levels of SPRR and LCE genes were 
significantly increased in the IMQ-induced psoriasiform dermatitis mice, while specifically 
decreased under the tazarotene cream treatment, indicating that the SPRR and LCEs were 
regulated simultaneously in psoriasis.
Conclusion: In summary, our study found that interactions between SPRR proteins and 
LCE proteins may provide new insights into the pathogenesis of psoriasis.
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Introduction
Psoriasis is a common chronic inflammatory skin disease, prevalent in 2–4% of world-
wide population.1–3 It is not purely a skin disorder and may also cause other 
comorbidities.4,5 It is currently believed that environmental factors, infections, genetic 
factors and immune disorders may induce this disease.6 However, the pathogenesis of 
psoriasis remains unclear yet. Therefore, it becomes important to explore the possible 
pathogenesis of psoriasis.
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Recently, some studies have found that the interactions 
between genes are associated with the pathogenesis of 
psoriasis. For example, the gene–gene interactions in 
IL23/Th17 pathway contribute to psoriasis susceptibility 
in Chinese Han population.7,8 Specifically, the interactions 
between late cornified envelope proteins and corneodes-
mosin were also analyzed.9 Additionally, stepwise regres-
sion analysis found that LILRB2 binds to HLA-B in two 
large psoriasis genome-wide association study cohorts, 
with a total of 10,069 subjects.10

Previous studies have reported that psoriasis is generally 
caused by epidermal hyperproliferation and aberrant kerati-
nocyte differentiation.11,12 Relatedly, Epidermal 
Differentiation Complex (EDC) is a gene cluster on human 
chromosome 1q21, which comprises the genes encoding 
structural and regulatory proteins crucial to keratinocyte 
differentiation and stratum corneum functions.13,14 Among 
genes in EDC, two gene families encoding small proline-rich 
protein (SPRR) and late cornified envelope (LCE) protein are 
important components of cornified cell envelope.15,16 Thus, 
SPRR and LCE genes were identified as risk factors for 
psoriasis patients.17,18 However, the association of SPRR 
and LCE genes has not yet been performed in-depth analysis 
in psoriasis.

Bioinformatics analysis of gene expression profiles has 
become an important method to investigate the pathogen-
esis of complex diseases in recent years.19,20 In our study, 
we downloaded the gene expression profile GSE109248 
from the Gene Expression Omnibus database and used 
limma packages in R studio software to explore the differ-
entially expressed genes (DEGs) in psoriasis, which were 
further analyzed by gene ontology (GO) enrichment ana-
lysis and protein-protein interaction (PPI) network. 
Interestingly, SPRR and LCE genes, which are associated 
with keratinocyte differentiation, were identified as 
a module in the constructed PPI network. In addition, an 
analysis of the gene expression profile GSE63684 showed 
that both SPRR and LCE genes were significantly upregu-
lated in IMQ-induced psoriasiform dermatitis mice. 
Besides, the association of SPRR and LCE genes was 
detected by correlation analysis in R studio software. We 
then investigated potential direct protein–protein interac-
tions between SPRR proteins and LCE3D. Colocalization 
of SPRR2 and LCE3D were observed in 293T cells by 
fluorescence microscopy. Moreover, the coimmunopreci-
pitation (CO-IP) results provided the evidence for direct 
interactions between SPRR2 and LCE3D. Subsequently, 
a model of IMQ-induced psoriasiform dermatitis mice was 

constructed. We found that the expression levels of SPRR 
and LCE genes were significantly increased in the IMQ- 
induced psoriasiform dermatitis mice, while decreased in 
tazarotene cream treated mice, indicating that the SPRR 
and LCEs were regulated simultaneously in psoriasis. 
Consequently, the interactions of SPRR proteins with 
LCE proteins may provide new insights into the pathogen-
esis of psoriasis.

Materials and Methods
Gene Microarray Data
Gene microarray data GSE109248 were downloaded from 
GEO database of the National Center Biotechnology 
Information (NCBI),21,22 which was executed with 
GPL10558 Illumina Human HT-12 V4.0 expression bead-
chip. GSE109248 contains 14 controls and 17 psoriasis from 
formalin fixed, paraffin-embedded human skin samples. 
GSE63684 consists of three control mice and two mice 
with Imiquimod-induced psoriasis based on GPL6246 
Platforms (Affymetrix Mouse Gene 1.0 ST Array).

Identification of DEGs
GSE109248 was processed using GEO query and limma 
R package from the Bioconductor project. Subsequently, 
the DEGs were identified between psoriasis samples and 
control samples based on the cutoff criterion, |log2 fold 
change (FC)| > 2.5 and P values <0.05. Volcano Plot and 
heatmap were generated by ggplot2 and pheatmap package 
in R studio software. Correlation analysis was conducted 
with ggstatsplot and ggcorrplot package, and Pearson cor-
relation coefficient was calculated.

Gene Ontology Enrichment and KEGG 
Pathway Analysis
The Database for Annotation, Visualization and Integrated 
Discovery (DAVID) is an online gene analysis tool that 
provides comprehensive annotations of gene functions and 
enrichment analysis, DAVID 6.8 was used for Gene Ontology 
(GO) and KEGG pathway enrichment analysis of DEGs.23 

And P<0.05 was considered as statistical significance.

PPI Network Construction and Module 
Analysis
STRING is an online tool for known and predicted pro-
tein–protein interactions.24 We put the DEGs into the 
STRING (Search Tool for the Retrieval of Interacting 
Genes) online database and then PPI networks were 
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constructed, in which the score ≥0.4 was set as the cutoff 
threshold.25 Then, the PPI networks were visualized using 
Cytoscape software, and MCODE (Molecular Complex 
Detection) was further applied to establish module of 
DEGs.26 Degree >10 and P values <0.05 are used as the 
cutoff criterion.

Animal Procedures
All the animal experiments were approved by the Animal 
Ethics Committee of Xiamen University (acceptance no. 
XMULAC20170313). All animal experiments were per-
formed in compliance with the guidelines from the 
Institutional Animal Care and Use Committee at 
Experimental Animal Centre in Xiamen University. Female 
BALB/c mice (6–8 weeks old) were purchased from Beijing 
Vital River Laboratory Animal Technology Co., Ltd. The 
mice were housed under temperature (22 ± 2°C) and humid-
ity (50 ± 20%) condition with a standard light (12 h light/ 
dark) cycle. The BALB/c mice were randomly divided into 3 
groups, and the mice had their hair removed with veet hair 
removal cream on the back (area about 2×2 cm). In the 
control group (n = 5), mice were treated with vaseline 
cream. In the IMQ group (n = 8), psoriasis was induced by 
IMQ treatment, as previously reported.27,28 Briefly, 5% IMQ 
cream (62.5 mg per mouse) was applied evenly every day. In 
tazarotene cream treatment group (n = 8), mice were treated 
with tazarotene cream two hours after applying IMQ cream. 
Mice were killed after 6 days; tissues were collected and 
frozen in liquid nitrogen for use. H&E staining was per-
formed according to standard procedures.

mRNA Isolation and Quantitative 
Real-Time PCR
Total RNA was isolated from tissues using RNA kit 
(Omega Bio-Tek, GA), and cDNA was obtained using 
TAKARA reverse transcription kit. Quantitative real-time 
PCR was performed on a CFX96 Real-Time PCR 
Detection System (Bio-Rad). Relative mRNA expression 
levels were normalized to GAPDH levels. The primers 
used in this assay were listed in the Table S4.

Plasmid Construction and 
Coimmunoprecipitation
The cDNA encoding murine SRPP2A, SPRR2F and 
LCE3D were obtained from murine skin RNA using RT- 
PCR. Subsequently, full-length fragments with BglII and 
XhoI enzyme recognition sites were amplified by 

polymerase chain reaction and subcloned into pCMV HA 
and Flag fusion vector. The constructs were confirmed by 
sequencing.

For coimmunoprecipitation assay, 293T cells were 
maintained in DMEM containing 10% fetal bovine serum 
and were transiently transfected using Lipofectamine 2000 
(Invitrogen). Before 24 hours of transfection, cells were 
seeded on 60-mm plates. 293T cells were transfected with 
the above constructed plasmids. After 24 hours, cells were 
collected, followed by immunoprecipitation. Western blot-
ting was performed with anti-HA (Santa Cruz 
Biotechnology) and anti-Flag (Sigma).

Fluorescence Microscopy
293T cells were transiently transfected with GFP-tagged 
SPRR2A or SPRR2F and mRuby2-tagged LCE3D plas-
mids. After 24 h of transfection, 293T cells were fixed 
with 4% paraformaldehyde and permeabilized with 0.5% 
Triton X-100 in PBS. Cell nuclei were stained with DAPI 
before images captured by a Leica SP8 laser-scanning 
confocal microscope (Leica). Images were processed 
with LAS X software (Leica).

Results
Identification of DEGs
In present study, we analyzed the GSE109248 dataset includ-
ing 17 patients with psoriasis and 14 healthy controls. There 
are 131 DEGs identified in the GSE109248 using the limma 
package based on the criteria of P values < 0.05 and |log2 fold 
change (FC)| > 2.5, are described by volcano plot and heat-
map (Figure 1A and B). Among them, there were 86 upre-
gulated and 45 downregulated genes (Table S1).

Gene Ontology Function Enrichment 
Analysis
In order to clarify the biological functions performed by 
these DEGs, GO functional annotation and pathway 
enrichment analyses were conducted in DIVID online 
database. P < 0.05 is considered to be statistically signifi-
cant. As presented in Figure 2 and Table S2, DEGs were 
classified into functional terms of biological process (BP) 
and molecular function (MF). In BP group, the DEGs were 
significantly enriched in keratinocyte differentiation, kera-
tinization, peptide cross-linking and epidermis develop-
ment. In MF group, they were primarily involved in the 
structural molecule activity and cytokine activity.
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Figure 1 Identification of DEGs between psoriasis patients and healthy controls. (A) Volcano plot of DEGs. Red points represent up-regulated genes; green points represent 
down-regulated genes. (B) The heatmap of DEGs. Red colors indicate up-regulated genes and green colors indicate down-regulated genes.

Figure 2 Gene ontology enrichment analysis of DEGs in psoriasis patients.
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Subsequently, we analyzed up-regulated DEGs, which 
were mainly involved in keratinocyte differentiation, ker-
atinization and structural molecule activity (Table S3).

Module Analysis and Hub Genes 
Identification from PPI Network
In order to identify key modules and hub genes, 131 DEGs 
were uploaded to the STRING database. Then, PPI net-
work was established in Cytoscape software, including 
124 nodes and 186 edges, and 7 genes were failed into 
the PPI network (Figure 3A). The top hub genes PI3, 
S100A7, SPRR1B, CXCL8, SPRR3, SPRR2G, LCE3D, 
SPRR2B, SPRR2D, SPRR2A and SPRR2F were identified 
by network analyzer. Furthermore, a significant module 
was analyzed based on the Cytoscape software APP 
MCODE. Surprisingly, the module consists mainly of 
SPPR and LCE family genes (Figure 3B).

The SPPR and LCE Genes Expression in 
Mice and GO Enrichment Analysis Based 
on GEO Dataset
Additionally, the GEO dataset GSE63684 was analyzed. 
Consistent with previous results, the expression level of 
SPPR and LCE genes was significantly upregulated in 
IMQ induced psoriasis mice (Figures 4 and S1). GO 
enrichment analysis showed that the SPPR and LCE 
genes were also significantly enriched in keratinocyte dif-
ferentiation, keratinization, peptide cross-linking, epider-
mis development, cornified envelope and structural 
molecule activity (Figure 4C).

Interaction Analysis of SPRR with LCE
It has been reported that SPRR and LCE protein family 
genes formed an Epidermal Differentiation Complex 
(EDC).13,29,30 However, the association between the 
SPRR and LCE genes is still unclear. Subsequently, 
bioinformatics analysis was executed in R studio soft-
ware (Figures 5A and S3). We first found a strong cor-
relation between LCE3D and SPRR2A or SPRR2F 
genes. Further, the whole LCE family genes have dis-
tinct correlation with those of SPRR (Figure 5B). Then, 
colocalization of SPRR2 and LCE3D was observed in 
cells using fluorescence microscopy by co-expression of 
GFP-SPRR2A or GFP-SPRR2F and mRuby2-LCE3D 
proteins in 293T cells (Figure 5C). To further verify 
their interaction, HA-tagged or Flag-tagged LCE3D, 
HA-tagged SPRR2A and HA-tagged or Flag-tagged 

SPRR2F plasmids were co-transfected in 293T cells, 
followed by a co-immunoprecipitation assay. Proteins 
were immunoprecipitated from transfected cell lysates 
with either anti-Flag or anti-HA antibody, confirming 
the protein–protein interaction between LCE3D and 
SPRR2A or SPRR2F in cells (Figure 5D). Altogether, 
these data suggest that LCE is positively associated with 
SPRR.

Drug Treatment Attenuated the 
Expression of SPRR and LCE in Psoriasis
Subsequently, we constructed a model of IMQ-induced 
psoriasiform dermatitis in mice. Compared with the con-
trol group, the IMQ group showed obvious psoriasis-like 
dermatitis, thickened skin and psoriasis, while the skin 
lesions with tazarotene cream treatment significantly 
decreased (Figure 6A and B). We found that the expres-
sion level of SPRR2 and LCE3 genes were significantly 
increased in the IMQ group, but significantly attenuated in 
tazarotene cream treatment group (Figure 6C and D). As 
expected, the expression of these genes is down-regulated 
in psoriasis patients under clinical therapy (Figure S2). 
Therefore, the SPRR and LCE genes are closely associated 
with psoriasis.

Discussion
It is well known that psoriasis is a common multifactorial 
complicated skin disease. In the last decade, many studies 
have been carried out to investigate psoriasis caused by 
epidermal hyperproliferation and aberrant keratinocyte 
differentiation.31,32 However, the pathogenesis of aberrant 
epidermal keratinocyte differentiation is still ambiguous. 
In the present study, the gene expression profile 
GSE109248 was obtained from the GEO database to 
explore the DEGs in psoriasis. The DEGs were signifi-
cantly enriched in keratinocyte differentiation, keratiniza-
tion, and epidermis development by GO enrichment 
analysis. Interestingly, the SPRR and LCE genes were 
also identified as a module in the constructed PPI network. 
And the association of SPRR and LCE genes was further 
detected by correlation analysis.

It is reported that interactions between genes are asso-
ciated with the pathogenesis of psoriasis. Gene–gene inter-
actions in IL23/Th17 pathway contribute to psoriasis 
susceptibility in Chinese Han population.7,8 In particular, 
the interactions between late cornified envelope proteins 
and corneodesmosin were also analyzed.9 Recently, 
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stepwise regression analysis found that LILRB2 binds to 
HLA-B in two large psoriasis genome-wide association 
study cohorts totaling 10,069 subjects.10 However, there 
is no intuitive proof of these interactions. Likewise, 

although SPRR genes and LCE genes encode protein 
components of Epidermal Differentiation Complex and 
have been identified as risk factors for psoriasis patients, 
the association of SPRR and LCE genes has not been 

Figure 3 PPI network of differentially expressed genes. (A) PPI network of DEGs constructed by STRING and visualized using Cytoscape. (B) The significant module was 
identified from the PPI network.
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performed in-depth analysis in psoriasis. In our study, 
colocalization of SPRR2 and LCE3D was observed in 
293T cells by fluorescence microscopy. And their direct 
interactions are powerfully supported by the coimmuno-
precipitation (CO-IP) results.

Further, a model of imiquimod (IMQ) induced psoria-
siform dermatitis mice was constructed. The expression 
levels of SPRR and LCE genes were significantly 
increased in the IMQ-induced psoriasiform dermatitis 
mice but decreased comparatively in tazarotene cream 

Figure 4 Validation of DEGs in psoriasis mice of dataset GSE63684. Expression levels of (A) SPRR and (B) LCE were significantly upregulated in psoriasis mice. *P<0.05, 
***P<0.001 and ****P<0.0001. (C) GO enrichment analysis of DEGs in psoriasis mice.
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treated mice. As expected, these genes are also down- 
regulated in psoriasis patients under clinical therapy, indi-
cating that the SPRR and LCEs were regulated 

simultaneously in psoriasis. And the functions of their 
interaction in psoriasis can be further explored because 
SPRR proteins and LCE proteins are not just the important 

Figure 5 The interaction of between SPRR and LCE. (A) The correlation between LCE3D and SPRR2. (B) The correlation between LCE and SPRR. (C) SPRR2 proteins 
colocalize with LCE3D upon co-expression in 293T cells. Nuclei were stained using 4′,6-diamidino-2-phenylindole (DAPI). Scale bar represents 10 μm. (D) Immunoassay of 
lysates of 293T cells transfected with plasmids encoding LCE3D and SPRR2A; LCE3D and SPRR2F, followed by immunoprecipitation (IP) with anti-HA, anti-Flag or the 
control antibody immunoglobulin G (IgG) and immunoblot analysis (IB) with anti-HA or anti-Flag.
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components of cornified envelope precursor proteins,33 

they also play roles in other processes, like SPRR proteins 
multimerized by cysteine oxidation.34 Further PPI analysis 

showed that some other proteins interact with SPRR and 
LCE, such as keratins, PI3, PKP3 and S100. Therefore, the 
interaction between SPRR and LCE may be a bridge for 

Figure 6 Expression of SPRR and LCE genes were significantly up-regulated in a model of psoriasiform dermatitis. (A) Photograph of mice back skin was taken on day 7. (B) 
H&E staining of back skin sections were examined on day 7. Scale bar represents 50 μm. (C and D) SPRR and LCE gene expression levels in the skin lesions were evaluated 
by RT-qPCR. The results are presented as the means ± standard deviation. All experiments were performed 3 times, and the representative results are presented. **P<0.01 
and ****P<0.0001. 
Abbreviation: IMQ, imiquimod.
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the association of psoriasis regulators, which needs to be 
further explored in the future.

Subsequently, in order to assess the possible biological 
consequences of the interaction between SPRR and LCE, 
we conducted correlation analysis in clinical psoriasis 
patients with different characteristics based on GEO data-
sets. Unexpectedly, the association between SPRR and 
LCE has no difference between mild psoriasis patients 
and severe psoriasis patients (Figure S4A), which suggests 
that the interaction of SPRR and LCE may be associated 
with the pathogenesis of psoriasis without affecting its 
development. However, the association between SPRR 
and LCE was weakened in psoriasis patients after guselk-
umab or ustekinumab treatment (Figure S4B and C). Thus, 
the extent of the association between SPRR and LCE may 
serve as a biomarker for psoriasis diagnosis.

Conclusion
We found that keratinocyte differentiation associated 
SPRR and LCE genes were identified as a module in the 
constructed PPI network. The association between SPRR 
and LCE genes was detected by correlation analysis. More 
importantly, the interactions between SPRR2 and LCE3D 
were further validated, and the SPRR and LCEs were 
regulated simultaneously in psoriasis. Additionally, the 
association between SPRR and LCE has no difference 
between mild psoriasis patients and severe psoriasis 
patients, but was weakened in psoriasis patients after 
guselkumab or ustekinumab treatment. In conclusion, the 
present study indicates that the interactions of SPRR pro-
teins with LCE proteins may provide new insights into the 
pathogenesis of psoriasis.
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