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Abstract 

Background: Infantile hemangioma (IH) is the most common benign tumor in children and is characterized by 
endothelial cells proliferation and angiogenesis. Some hub genes may play a critical role in angiogenesis. This study 
aimed to identify the hub genes and analyze their biological functions in IH.

Methods: Differentially expressed genes (DEGs) in hemangioma tissues, regardless of different stages, were identi-
fied by microarray analysis. The hub genes were selected through integrated weighted gene co-expression network 
analysis (WGCNA) and protein–protein interaction (PPI) network. Subsequently, detailed bioinformatics analysis of the 
hub genes was performed by gene set enrichment analysis (GSEA). Finally, quantitative real-time polymerase chain 
reaction (qRT-PCR) analysis was conducted to validate the hub genes expression in hemangioma-derived endothelial 
cells (HemECs) and human umbilical vein endothelial cells (HUVECs).

Results: In total, 1115 DEGs were identified between the hemangiomas and normal samples, including 754 upregu-
lated genes and 361 downregulated genes. Two co-expression modules were identified by WGCNA and green mod-
ule eigengenes were highly correlated with hemangioma (correlation coefficient = 0.87). Using module membership 
(MM) > 0.8 and gene significance (GS) > 0.8 as the cut-off criteria, 108 candidate genes were selected and put into the 
PPI network, and three most correlated genes (APLN, APLNR, TMEM132A) were identified as the hub genes. GSEA pre-
dicted that the hub genes would regulate endothelial cell proliferation and angiogenesis. The differential expression 
of these genes was validated by qRT-PCR.

Conclusions: This research suggested that the identified hub genes may be associated with the angiogenesis of 
IH. These genes may improve our understanding of the mechanism of IH and represent potential anti-angiogenesis 
therapeutic targets for IH.
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Introduction
Infantile hemangioma (IH) is the most common benign 
tumor of the vascular endothelium in children with a 
prevalence of 4–10% of children younger than 12 months 

[1–3]. It is most frequently found in the head and neck 
around 60% of the cases, followed by the trunk and 
extremities. The main risk factors of IH include prema-
ture delivery, low birth weight, female, pre-eclampsia 
and placental anomalies [4, 5]. It is characterized by an 
initial rapid proliferation during infancy (proliferation 
phase), followed by gradual spontaneous regressed over 
1–5  years (involution phase), and continual improve-
ment until 6–12  years of age (involuted phase) [6]. The 
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pathology of IH is characterized by the active prolifera-
tion of hemangioma-derived endothelial cells (HemECs), 
which destroys the balance between mitosis and apopto-
sis and then leads to vasculogenesis and angiogenesis. In 
clinical, IH is typically a single lesions and can spontane-
ously regress over time without any complications [7, 8]. 
However, almost 10% to 15% of IH can cause obstruction, 
ulcerative, disfiguring and life-threatening complications 
and sequelae, which need to be treated in time and effec-
tively [8]. Currently, the treatment for IH mainly includes 
drug therapy (corticosteroids, propranolol, ACEI), surgi-
cal operation, injection of local sclerosing agents, laser 
intervention, etc. [9, 10]. At present, the principle of drug 
treatment and the pathogenesis of IH are not fully under-
stood, and the clinical treatment probability of IH is 
reduced due to the emergence of drug resistance, recur-
rence and rebound cases. Therefore, it is very important 
to understand the pathogenesis and drug action mecha-
nism of IH in detail and to find the potential target of IH 
treatment [11, 12].

At present, the detailed etiology and specific mecha-
nisms of the development of IH remain unclear. So we 
need a better understanding of the pathogenesis of IH 
that will provide some innovative ideas for exploring 
more effective treatment strategies. Weighted gene co-
expression network analysis (WGCNA) is a widely used 
method to build co-expression network and identify 
biomarkers through pairwise correlation matrices [13]. 
Exclusively based on co-expression analysis will better 
represent genes with a small effect size acting together 
[14]. WGCNA provides a systems-level insight into the 
signaling networks that may be associated with a phe-
notype of interest [15]. From our study, we identified the 
hub genes and molecular mechanisms of IH and normal 
tissue by identifying differences in gene expression, with 
the hope that those biomarkers will guide medical deci-
sions towards optimal treatments. Our integrative strat-
egy and analysis revealed that several novel differential 
genes were involved in the occurrence and development 
of IH.

Materials and methods
GEO microarray data
We searched for the microarray data of IH in the Gene 
Expression Omnibus (GEO) database (https:// www. ncbi. 
nlm. nih. gov/ geo/). We got the gene expression profiles of 
GSE127487 [16], which included 18 samples of hemangi-
omas without treatment, 5 samples of normal skin tissue 
without treatment, and 5 samples of hemangiomas with 
propanolol treatment. In our present study, 5 hemangio-
mas samples with propanolol treatment were excluded. 
For the specific data preprocessing of GSE127487, we 
used the Illumina HumanHT-12 V4.0 platform, retrained 

the probes with detection p-value < 0.05 in more than 
23 samples, and normalized by the limma package [17]. 
After excluding the probes that were unable to be anno-
tated, we combined the probes annotated with the same 
genes using the median method.

Identification of DEGs
Differentially expressed genes (DEGs) in the selected 
modules between hemangiomas samples and normal 
skin tissue samples were identified using the Limma R 
package [17]. Subsequently, we convert the gene probe ID 
into a gene symbol code using R software. Then, the fold 
change (FC) of gene expression between hemangiomas 
samples and normal skin tissue samples was obtained, 
and correction for multiple testing was performed with 
the Benjamini–Hochberg method. DEGs were identified 
with a |log FC|> 1 and p-value < 0.05. And heatmaps were 
generated using the pheatmap package.

Functional annotation and pathway enrichment analysis
Gene Ontology (GO) functional and Kyoto Encyclope-
dia of Genes and Genomes (KEGG) pathway enrichment 
analysis were performed to explore the potential biologi-
cal roles of DGEs [18]. GO analysis included categories of 
biological processes (BP), cellular component (CC), and 
molecular function (MF). Pathway enrichment analysis is 
a functional analysis that maps genes to KEGG pathways. 
And p-value < 0.05 was set as the cut-off point.

WGCNA construction and module selection process
The WGCNA of DEGs was performed using the 
WGCNA R software package [19] to construct the co-
expression network. Firstly, DEGs were selected from 
the GSE127487 gene expression datasets. We calculated 
the soft threshold value based on the “sft” function. Rela-
tionships between one gene and all the other genes in the 
analysis were incorporated, and the adjacency matrix was 
transformed into the topological matrix (TOM). Subse-
quently, a hierarchical clustering analysis of genes was 
performed using 1-TOM as the distance measure [20]. To 
acquire a small number of large modules, modules were 
detected using a dynamic tree cut algorithm with a mini-
mum cut height of 0.90 and a minimum module size of 
30. Furthermore, module preservation between the two 
datasets was measured using the specific function of the 
WGCNA software package [19]. After the clinical infor-
mation was imported into the co-expression network, 
the module eigengene (ME) was calculated. ME is rep-
resentative of the gene expression profiles in a module, 
illustrating the average expression level of genes in the 
module. The module could serve as a candidate if it had 
a high correlation value between the ME valve and the 
clinical trait. We measured the correlation between the 
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modules and clinical traits of samples by Pearson’s cor-
relation analysis. Only the modules with both high pres-
ervation and high correlation were exported for further 
analysis [20].

Protein–Protein Interaction (PPI) network construction
We imported the predicted genes into STRING (https:// 
string- db. org/ cgi/ input. pl) to construct a PPI network. 
The PPI network was visualized in Cytoscape 3.7.1 soft-
ware. Functional module analysis was conducted using 
the “mcode” function to cluster a given network to a 
densely connected territory based on topology. The 
selection criteria were established as follows: degree 
cut-off = 2, node score cut-off = 0.2, k-score = 2 and max 
depth = 100 [21]. Then the key genes were selected based 
on the score.

Gene set enrichment analysis (GSEA)
The GSEA was used to associate the potential gene sig-
nature sets by comparing the hemangiomas samples with 
normal skin tissue samples [22]. The expression profile of 
DEGs in selected modules of GSE127487 was exported 
and analyzed with version 4.1.0 of GSEA. The false dis-
covery rate (FDR) is the primary statistic for examining 
gene set enrichment results, and the nominal p-value 
estimates the statistical significance of the enrichment 
score. Therefore a gene set with an FDR < 0.25 and a 
nominal p-value < 0.05 was considered to be significantly 
enriched.

Quantitative Real‑Time PCR (qRT‑PCR) Validation 
in HemECs
Total RNA was extracted from HemECs and HUVECs 
using RNAiso Plus (TaKaRa, Japan) and the cDNA was 
reverse-transcribed using SweScript RT I First Strand 
cDNA Synthesis Kit (With gDNA Remover) (Service-
bio, China). qRT-PCR analysis was performed using 
2 × SYBR Green qPCR Master Mix (None ROX) (Ser-
vicebio, China) according to the manufacturer’s pro-
tocol. The relative expression levels of mRNAs of the 
hub genes were quantified using the  2−ΔΔCt method and 
normalized to GAPDH expression. All the primers used 
in this study are listed as follow:APLN-F:5’-TGC TCT 
GGC TCT CCT TGA C-3’,APLN-R:5’-GCC CAT TCC TTG 
ACC CTC T-3’;APLNR-F:5’-TCT GGT GCT CTG GAC 
CGT GT-3’,APLNR-R:5’-TCC CAA AGG GCC AGT CAT 
AGT-3’;TMEM132A-F:5’-GCC TTC TGT GGG AAG GAT 
GTG-3’,TMEM132A-R:5’-TCA GAG AGG AGT TGG CAG 
GT-3’;GAPDH-F:5’-GGA AGC TTG TCA TCA ATG GAA 
ATC -3’,GAPDH-R:5’-TGA TGA CCC TTT TGG CTC CC-3’. 
The differences between the two groups were compared 
by the Student’s t-test. p-value < 0.05 (two-sided) was 
considered significant.

Results
Identification of DEGs between IH and normal skin tissues
Based on the cut-off criteria of |log FC|> 1 and 
p-value < 0.05, 1115 DEGs were identified between 18 
samples of hemangiomas without treatment and 5 sam-
ples of normal skin tissue without treatment from the 
GSE127487 using the “limma” package, which includes 
754 upregulated genes and 361 downregulated genes. 
For the difference analysis, hierarchical cluster analysis 
revealed that the IH samples were obviously separated 
from normal samples in the heatmaps (Fig. 1A), indicat-
ing the reliability of the DEGs. A volcano plot of the 1115 
DEGs was shown in Fig. 1B.

GO and KEGG functional enrichment analysis
The upregulated and downregulated genes were ana-
lyzed by the database of Annotation, Visualization and 
Integration Discovery. The upregulated genes were 
significantly enriched in several GO terms, includ-
ing endothelium development, extracellular structure 
organization, endothelial cell proliferation, endothelial 
cell differentiation, vasculogenesis, regulation of vascula-
ture development in BP and cell–cell junction in CC, and 
extracellular matrix structural constituent, growth factor 
binding in MF (Fig. 2A). The downregulated genes were 
also enriched in several GO terms, such as multicellular 
organismal homeostasis, stem cell development, neutro-
phil degranulation, vesicle lumen, structural constituent 
of meylin sheath, and coenzyme binding (Fig. 2C). Based 
on the KEGG pathway analysis, the upregulated genes 
were enriched in multiple signaling pathways, includ-
ing PI3K-Akt signaling pathway, Focal adhesion, MAPK 
signaling pathway, Apelin signaling pathway, Notch sign-
aling pathway, and ECM receptor interaction (Fig.  2B). 
In contrast, the downregulated genes were enriched in 
HIF-1 signaling pathway and glycolysis/ gluconeogenesis 
(Fig. 2D).

WGCNA analysis
Our study attempted to identify co-expression modules 
with high preservation of the DEGs in the GSE127487 
and strong IH association using the R package 
“WGCNA”. Sample cluster analysis based on RNA data 
from the GSE127487 database showed that there was 
an outlier sample (GSM3635455), which was eliminated 
in the next analysis (Fig.  3A). A scale-free network was 
constructed using soft-thresholding power set to β = 28 
(scale free  R2 = 0.96) (Fig.  3B, C). Two modules were 
identified based on the mean linkage hierarchical cluster-
ing (Fig. 3D) and soft-thresholding power (β = 28). Genes 
that did not belong to the green or brown modules were 
placed into the gray module and not used for subsequent 
analysis. WGCNA analysis indicated that green module 
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eigengenes were highly correlated with hemangioma, and 
the correlation coefficient was 0.87 (Fig.  3E). And 671 
green module eigengenes were identified for subsequent 
analysis.

Protein–Protein Interaction (PPI) network construction
In our WGCNA analysis, the green module exhibited the 
highest correlation with hemangioma (correlation coef-
ficient = 0.87) (Fig. 3E), and so was identified as the hub 
module eigengenes, which contained 671 genes. The hub 
module eigengenes was used to construct the Protein–
Protein Interaction (PPI) network using the Cytoscape 
3.7.1 software (Fig.  4A). And then, we obtained 31 key 
genes with the highest connectivity for further analysis 
through the “mcode” function, which we also showed 
(Fig. 4B).

Identification of Hub genes by Venn analysis
Genes highly related to the green module were consid-
ered potential key genes associated with hemangioma 
development. Using module membership (MM) > 0.8 
and gene significance (GS) > 0.8 as the cut-off criteria, 
108 candidate genes were selected (Fig. 5A). 31 key genes 
were identified by using the “mcode” function from the 

PPI network (Fig. 4B). Finally, both selected 3 genes were 
designated as hub genes (APLN, APLNR, TMEM132A) 
using venn analysis (Fig. 5B).

Gene Set Enrichment Analysis
GSEA analysis was performed to explore the possible 
mechanisms of three hub genes in hemangioma for fur-
ther clarification. For APLN phenotype, GSEA analy-
sis suggested that APLN was significantly enriched at 
nominal p-value < 0.05 and FDR < 25% in gene sets such 
as Hallmark TGF-β signaling, Hallmark PI3K-Akt-mTOR 
signaling and Hallmark angiogenesis (Fig.  6A). APLNR 
was also significantly enriched at Hallmark TGF-β sign-
aling, Hallmark PI3K-Akt-mTOR signaling and Hallmark 
angiogenesis (Fig.  6B). TMEM132A was significantly 
enriched in Hallmark TGF-β signaling and KEGG Notch 
signaling pathway (Fig. 6C).

Validation by qRT‑PCR of three hub genes
To validate microarray results, the relative expres-
sion levels of three hub genes in HemECs and HUVECs 
were determined using qRT-PCR. The verification result 
showed that the relative expression levels of three hub 
genes were significantly increased in HemECs (p < 0.05) 

Fig. 1 Identification of differentially expressed genes (DEGs) between hemangiomas tissues and normal skin tissues. A Heatmap showed that 
hemangiomas samples were separated from normal samples using hierarchical cluster analysis; (B) Volcano plot of the DEGs
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(Fig. 7B). All validations are consistent with the microar-
ray data and analytical results in this study (Fig. 7A).

Discussion
IH is one of the most common benign tumors in children. 
Although most IH can spontaneously regress without any 
treatment. However, there are still some hemangiomas 
that will not regress and further aggravate, which makes 
them difficult to treat in clinical. Therefore, it is essential 
for finding a new treatment for IH. This study tried to 
find some potential therapeutic targets for hemangiomas. 
Firstly, we get the gene expression profiles of GSE127487 
and select the DEGs through the limma R package. Then, 
the DEGs were significantly enriched in several pros-
ess, including endothelium development, endothelial 
cell proliferation, endothelial cell differentiation, and 
vasculogenesis in our study. Finally, three genes (APLN, 
APLNR, TMEM132A) were identified as hub genes, 
which were consistently highly expressed in hemangioma 

tissues, regardless of different stages, through integrated 
WGCNA and PPI network analysis of DEGs.

APLN encoded preproprotein is proteolytically pro-
cessed into biologically active C-terminal peptide frag-
ments, which activate different tissue specific signaling 
pathways that regulate diverse biological functions, 
including fluid homeostasis, insulin secretion, cardio-
vascular function, endothelium development and tumor 
angiogenesis. APLN was initially identified as a small 
secreted peptide due to its inotropic activity [23]. Subse-
quently, APLN was also described as a tip cell-enriched 
gene [24]. Preliminary studies demonstrated that APLN 
signaling is necessary to promote sprouting angiogen-
esis during embryonic development [25, 26]. Kidoya’s 
studies showed that APLN knockout (APLN-KO) mice 
exhibit mild vascular effects such as reduced vessel diam-
eter, compared to wild-type controls, while APLN over-
expressed mice developed enlarged but stable vessels 
with reduced vascular permeability [27, 28]. Recently a 

Fig. 2 Gene Ontology (GO) functional annotation and pathway enrichment analysis of identified differentially expressed genes (DEGs). GO terms 
including include biological progress (BP), cellular component (CC), and molecular function (MF). The X-axis represents the GeneRatio and the Y-axis 
represents the names of Kyoto Encyclopedia of Genes and Genomes (KEGG) terms by KEGG analysis. The red and blue points represent high and 
low false discovery rate values. A Enrichment result of upregulated genes by GO analysis; (B) Pathway enrichment analysis result of upregulated 
genes by KEGG; (C) Enrichment result of downregulated genes by GO analysis; (D) Pathway enrichment analysis result of downregulated genes by 
KEGG
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study reported that APLN signaling is required to boost 
endothelial metabolic activity during angiogenic sprout-
ing in zebrafish [29]. Furthermore, this study showed that 
APLN signaling acts downstream of Notch signaling, 

where it is required for Notch-controlled angiogenesis 
[29]. Consequently, APLN-creER reporter mice receiv-
ing adequate tamoxifen stimulation allow them to read-
ily differentiate sprouting endothelium from stabilized 

Fig. 3 Weighted gene co-expression network analysis (WGCNA) analysis of differentially expressed genes (DEGs). A Sample cluster analysis 
based on RNA data from the GSE127487 database; (B) Analysis of network topology for various soft-threshold powers; (C) The adjacency matrix 
was defined using soft-thresholds with β = 28 through check scale-free topology; (D) Dendrogram of all DEGs were clustered with dissimilarity 
according to topological overlap (1-TOM); (E) Associated relationships between modules and traits

Fig. 4 Protein–Protein Interaction (PPI) network construction. A PPI network of 671 green module eigengenes. The red the color, the higher the 
connectivity of genes. B PPI network of 31 key genes
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vasculature during development and in pathology [30]. 
All these studies showed that APLN was most strongly 
expressed in endothelial cells and APLN signaling was 
associated with sprouting angiogenesis. Interestingly, 
our study found that APLN was highly associated with 
endothelial cell proliferation, angiogenesis and enriched 
in PI3K-Akt-mTOR signaling, TGF-β signaling, Notch 
signaling pathway by GSEA analysis. These biological 
processes and signaling pathways have been confirmed 
to play an important role in the occurrence, development 
and angiogenesis of hemangiomas [31–38]. Meanwhile, 
our verification result showed that the relative expression 
level of APLN was significantly increased in HemECs. 
However, specific biological functions of APLN have not 
been studied in IH and have potential value for further 
research as a novel biomarker of hemangioma.

APLNR encodes a G protein-coupled receptor, which 
is related to the angiotensin receptor but is actually an 
APLN receptor that inhibits adenylate cyclase activ-
ity and plays a counter-regulatory role against the pres-
sure action of angiotensin-II by exerting a hypertensive 
effect. It functions in the cardiovascular and central nerv-
ous systems, glucose metabolism, embryonic and tumor 
angiogenesis. Devic’s studies showed that APLNR was 
continuously expressed throughout the developing vascu-
lature while its ligand APLN was localized to the leading 
edge of APLNR-positive vessels during embryogenesis 
[39, 40]. The close structural relationship of APLNR to 

CXC chemokine receptors suggests that APLN acts as 
a chemokine or chemotactic signal for endothelial cells 
[41]. Lacking of APLNR in frog embryos was reported 
to exhibit vascular effects such as decreased endothelial 
cell proliferation, reduced vascular outgrowth, smaller 
vessel diameter, and defects in the alignment of arter-
ies and veins [25]. Subsequently, the function of APLN 
was confirmed for APLNR-expressing endothelial cells 
in  vitro experiments [25, 26, 42, 43]. Therefore, APLN/
APLNR pathway plays a key role in several physiological 
responses, such as endothelium development, metabolic 
homeostasis, cardiovascular functions, and sprout-
ing angiogenesis. In the present study, APLNR was also 
highly enriched in TGF-β signaling, angiogenesis, and 
PI3K-Akt-mTOR signaling. These results suggested that 
APLNR may be associated with the embryonic and angi-
ogenesis process in IH. Similar to the qRT-PCR result of 
APLN, the relative expression level of APLNR was also 
significantly increased in HemECs. It is worth noting that 
the study of APLNR in IH has also not been reported and 
has potential research value.

Transmembrane protein 132A (TMEM132A) belongs 
to the TMEM132 family, composed of five members 
(TMEM132A-E). TMEM132A was firstly identified as a 
novel gene expressed in the rat brain during the embry-
onic and postnatal stages and as a binding protein for 
the endoplasmic reticulum resident chaperone 78-kDa 
glucose-regulated protein [44]. Stably TMEM132A 

Fig. 5 Identification of Hub genes by Venn analysis. A A scatter plot of the genes in the green module. Each green dot represents a gene, and dots 
within the red box indicate genes of module membership > 0.8 and gene significance > 0.8. B Hub genes were identified based on overlap within 
two PPI networks
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expression was found in the rat embryonic brain and 
several other tissues, suggesting a functional role in the 
developing brain and perhaps a crucial role in prevent-
ing neurodegeneration [44]. In addition, TMEM132A 
is also reported to regulate the expression of cAMP-
induced glial fibrillary acidic protein in rat C6 glioblas-
toma cells [45]. Subsequently, TMEM132A-knockdown 
in Neuro2a cells increases serum starvation-induced 
endoplasmic reticulum stress related apoptosis [46]. 

Recently, TMEM132A was identified as a novel regulator 
in regulating the Wnt signaling pathway through interac-
tion with the Wnt ligand transporting protein Wntless 
[47]. In addition, analysis of the subcellular localization 
of TMEM132A revealed that TMEM132A is not only 
localized in the endoplasmic reticulum-Golgi apparatus, 
but it is also detected at the cell surface, and its N-ter-
minus is exposed to the extracellular space [48]. These 
results suggest that TMEM132A might play a role in the 

Fig. 6 The relationship between three hub genes and hemangiomas. A GSEA analysis of APLN shows that APLN is related to the angiogenesis 
process and signaling pathway in hemangiomas. B GSEA analysis of APLNR shows that APLNR is related to the angiogenesis process and signaling 
pathway in hemangiomas. C GSEA analysis of TMEM132A shows that TMEM132A is related to TGF-β and Notch signaling pathway
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perception of extracellular signals and cell–cell commu-
nication. However, there is no related research report 
of TMEM132A in hemangioma. Of note, we found that 
TMEM132A is related to TGF-β signaling and Notch 
signaling pathway in hemangioma by GSEA analysis, 
which is conducive to further research.

Conclusion
In this study, we identified three hub genes (APLN, 
APLNR, TMEM132A) highly associated with IH based 
on the integrated WGCNA and PPI network. These 
hub genes may regulate the development of IH through 
endothelial cell proliferation, sprouting angiogenesis, and 
apelin signaling pathway. These genes may improve our 
understanding of the mechanism of IH and represent 
potential anti-angiogenesis therapeutic targets for IH.
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