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Abstract: Objective: The aim of this study was to identify potential genes associated with formation of bone focus in
the dermis and subcutis in cases of multiple miliary osteoma cutis (MMOC) through web-available microarrays. Materials and methods: GSE48129 was downloaded from the Gene Expression Omnibus (GEO), and it contained three
patients and two controls. The ten samples came from the patients’ osteoma affected skin area and unaffected
healthy skin area. Differentially expressed genes (DEGs) between the affected group and the unaffected groups
were identified by |logFC| > 1 and P < 0.05. GO and KEGG pathway enrichment analysis were conducted for DEGs
by DAVID Functional Annotation Bioinformatics Microarray Analysis. Further, the PPI (protein-protein interaction)
network was constructed by the STRING database. Result: We identified 340 upregulated genes and 265 downregulated genes in the MMOC sample. The 605 genes mainly act on G-protein-coupled receptor activity, protein
ubiquitination, apoptotic process, protein binding by GO enrichment analysis, and KEGG pathway enrichment, which
showed that genes were significantly involved in metabolic pathways and calcium signaling pathways. In the PPI
network, ACTA2, PRKACG and PIK3CG appeared at higher degrees. Conclusions: The identified genes may provide
a new direction on research focusing on bone formation in MMOC and will lay the foundation for future research.
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Introduction
Osteoma cutis is a benign dermatosis that
occurs primarily in the dermis and subcutaneous tissue. It is characterized by imaging and
histological confirmation of the formation of
bone deposits [1, 2]. Based on these features,
patients are classified into four groups: (1) single nodule, (2) plate-like lesion, (3) single or
multiple depth lesion, trans-epidermal, and (4)
disseminated lesions of various sizes [1]. Analysis of the cases in the previous articles shows
that the disease frequently occurs in women
and is mostly located on the face, scalp and
other specific places [3, 4]. Irrespective of the
existence of other existing skin diseases at the
site, we divided osteoma into primary and secondary [5]. Multiple miliary osteoma cutis
(MMOC) is a type of osteoma cutis, first reported by Virchow in 1864, and it is easily confused

with other diseases. It is usually expressed as
hard papule on the skin surface [6]. MMOCs
are generally visible on patients or are found
during the process of diagnosing and treating
other issues such as a toothache, so the real
epidemiological statistics may not accurately
reflect instances of the disease [3]. In the
course of disease progression, the size and
number of pimples gradually increase, causing
discomfort to the face [7]. Therefore, it is necessary to explore the pathogenesis or treatment of MMOC.
At present, the etiology and pathogenesis of
MMOC have yet to be elucidated. Discussions
on the etiology suggest that the primary MMOC
may be related to the Albright’s hereditary
osteodystrophy (AHO), progressive osseous heteroplasia (POH) and plate-like osteoma cutis
(PLOC) or fibrodysplasia ossificans progressive
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(FOP), which are all caused by the mutation in
the GNAS gene or ACVR1 genes. Mutation of
the GNAS reduces the protein Gas, and then
Gas induces ossification of the human mesenchymal stem cells. However, unlike GNAS,
ACVR1 encodes the BMP4 receptor found in
the heterotopic bone [7]. Secondary MMOC
occurs after acne, trauma, scar, etc. and is
related to chronic inflammation. Some doctors
use tretinoin and tetracycline therapy [5, 8]. In
pathogenesis, histological samples of the biopsy exhibit smaller bone, surrounded by some
lymphocytes, fibrovascular and fewer osteocytes [7]. Currently, ultrasound examinations
reveal the bright echoes under permanent
focus, and CT scans can confirm the multiple
high-density lesions [1, 9]. Some reports mention that there are two possible presentations
of the formation of the bone in this disease.
One theory illustrates that primitive mesenchymal cells differentiate into osteoblasts and
then migrate to inappropriate places. However,
only a few people support this point of view.
Another theory is that the bone is produced
during the transformation of mesenchymal
cells into osteoblasts [10].
To explore the key genes in the pathogenesis
of MMOC, skin biopsies from three patients
and two controls were used to analyze the
expression profile. In this study, microarray
data had been selected for differential expression genes (DEGs). Subsequently, DEGs were
manipulated by gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis. Finally, we used
the Search Tool for the Retrieval of Interacting
Genes (STRING) database to map the proteinprotein interaction (PPI) network, aiming to
determine the role of DEGs in the development
of MMOC.
Materials and methods
Data resource
Gene expression of GSE48129 was downloaded from the Gene Expression Omnibus of NCBI,
which was performed on the Affymetrix Human
Genome U133 Plus 2.0 Array platform. In the
expression profile, they compared patients’
osteoma-affected skin areas to both unaffected healthy skin areas and skin from other
healthy controls. Next, the gene expression
profile was obtained for further analysis.
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Identification of DEGs
First, the data were analyzed with the GEO2R, the Gene Expression Omnibus online
tool (http://www.ncbi.nlm.nih.gov/geo/geo2r/).
Next, we selected ‘Define groups’ and assigned
five samples to each group named the ‘affected group’ and ‘unaffected group’. Third, we
selected the ‘TOP250’ button for calculation
usicngs. Fourth, the results were presented as
genes tables sorted by significance and we
then saved the file [11]. Differentially expressed
genes (DEGs) were determined by |logFC| of no
less than 1 and t-tests with P < 0.05 [12, 13].
GO Terms and KEGG pathways analysis
The DEGs analysis of the GO [14] and KEGG
pathways [15] were performed by DAVID (http://
david.abcc.ncifcrf.gov/). We limited the p-value
< 0.05 and the number of genes ≥ 2 to statistically significant. DAVID is an essential foundation for the analysis of high throughput gene
function and helps by providing the biological
characteristics on genes [16].
Construction of PPI Network and module
analysis
STRING (http://string.embl.de/) [15] was applied to construct PPI networks based on significantly up- and downregulated DEGs followed by functional interactions. Then, the data
from STRING was entered in the Cytoscape
software (version 3.5.1; www.cytoscape.org).
The plug-in Molecular Complex Detection (MCODE) was used to screen the modules of PPI
network in Cytoscape [13]. The inclusion criteria are as follows: MCODE score > 3, number of
nodes > 4.
Samples
From the summary on the GSE48129 content,
we were able to study the skin biopsies containing affected skin area and unaffected healthy
skin area that were taken from three patients
and two controls.
Result
DEG Identification by microarray expression
profiling
GSE48129 contained five osteoma samples
and five unaffected samples. We used the
Int J Clin Exp Med 2018;11(11):12523-12530
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Table 1. GO analysis of DEGs in MMOC
Category
Up-regulate
GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT
Down-regulate
GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT

Gene count

%

p value

GO: 0042493~response to drug
GO: 0043086~negative regulation of catalytic activity
GO: 0010466~negative regulation of peptidase activity
GO: 0055114~oxidation-reduction process
GO: 0050786~RAGE receptor binding
GO: 0005542~folic acid binding
GO: 0070402~NADPH binding
GO: 0005783~endoplasmic reticulum
GO: 0005576~extracellular region
GO: 0005615~extracellular space
GO: 0005789~endoplasmic reticulum membrane

11
5
3
14
3
3
3
21
32
27
18

3.75
1.70
1.02
4.78
1.02
1.02
1.02
7.17
10.9
0.21
6.14

0.005
0.014
0.018
0.034
0.008
0.010
0.014
0.003
0.008
0.014
0.037

GO: 0006508~proteolysis
GO: 0006954~inflammatory response
GO: 0035556~intracellular signal transduction
GO: 0042803~protein homodimerization activity
GO: 0004222~metalloendopeptidase activity
GO: 0004016~adenylate cyclase activity
GO: 0015629~actin cytoskeleton
GO: 0005887~integral component of plasma membrane
GO: 0042995~cell projection
GO: 0015629~actin cytoskeleton

11
9
9
16
5
3
7
23
4
7

4.62
3.78
3.78
6.72
2.10
1.26
2.94
9.66
1.68
2.94

0.021
0.028
0.038
0.004
0.023
0.013
0.016
0.012
0.032
0.016

Term/gene function

GEO2R, a web page analysis program, to analyze the DEGs. Based on the initial data, we
included the inclusion criteria: P < 0.05 and
|logFC| ≥ 1.0. Finally, 605 genes were selected, of which 340 were upregulated, and 265
were downregulated.
Go term enrichment analysis
All DEGs were collated and uploaded to the
DAVID to pick out the representative GO categories and KEGG pathways. The GO analysis
provided results in three parts: biological processes (BP), molecular function (MF) and cell
component (CC). In part one (BP), upregulated DEGs were mainly enriched in epidermal
development, protein ubiquitination, negative
regulation of peptidase activity, etc. The downregulated DEGs were mainly enriched by the
negative regulation of the intrinsic apoptotic
signaling pathway, ossification, innate immune
response, etc. In part two (MF), upregulated
DEGs were mainly enriched in NADPH binding,
apoptotic processes, protein binding, etc. The
downregulated DEGs were mainly enriched in
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calcium channel activity, protein homodimerization activity, etc. In part three (CC), upregulated DEGs were mainly rich in protease, binding structural molecule activity, endoplasmic
reticulum, and ATP binding, and downregulated
DEGs have effects on the actin cytoskeleton
and postsynaptic membrane (Table 1).
KEGG pathway analysis
Table 2 includes the enrichment pathways for
upregulation and downregulation of DEGs identified by DAVID. Upregulated DEGs were mainly
concentrated in metabolic pathways and in
another weakly relative pathways: fatty acid
degradation and purine metabolism. However,
the downregulated DEGs were enriched in calcium and cAMP signaling pathways. They also
participated in other pathways, though these
are not mentioned in detail.
Module screening from the PPI network
We uploaded the data to the STRING database,
which is able to construct the PPI network.
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Table 2. KEGG pathway analysis of DEGs in MMOC
Pathway ID
Name
Gene count
Up-regulate
hsa01100
Metabolic pathways
31
hsa00561
Glycerolipid metabolism
5
hsa00230
Purine metabolism
8
hsa00071
Fatty acid degradation
4
Down-regulate
hsa04024
cAMP signaling pathway
9
hsa04020 Calcium signaling pathway
7
hsa05200
Pathways in cancer
9
hsa04015
Rap1 signaling pathway
6

p value

%

10.58 0.0002
1.70 0.006
2.73 0.007
1.37 0.019
3.78
2.94
3.78
2.52

0.0005
0.006
0.03
0.046

Table 3. Degree of differentially expressed genes in the proteinprotein network
Gene
ACTA2
PRKACG
PIK3CG
SST
ADCY1
PTGS2
ACTL7B
BCL2
PKLR
SREBF1

Degree
20
19
17
15
15
15
15
14
13
12

Gene
MCL1
MTHFD1L
ACSBG1
FASN
ALDH1A2
PTGER3
AIFM3
TYMS
ACOX1
GAL

Degree
11
11
11
11
11
11
11
10
10
10

Next, the information of PPI network was introduced in the Cytoscape software, and we obtained some nodes of each degree (Table 3). In
addition, we used the MCODE analysis nodes and edges that were given restrictions.
Finally, we selected the top 3 modules and high
degree genes for analysis. The genes from
module 1 showed the relationship with G protein-coupled receptor signaling pathways; module 2 related to apoptotic signaling pathways;
module 3 was associated with the protein ubiquitination (Table 4; Figure 1).
Discussion
MMOC is a rare disease reported in dermatology, which brings concern to patients. The related literature has reported some methods for
treating the disease [9]. Treatment methods
include retinoids, tretinoin, tetracycline and
estrogens, which were effective against inflammation, but the curative effects were not good
[17]. More traumatic treatment methods, such
as the needle microincision, YAG or CO2 lasers
are effective, but they also irritated the skin [8,
12526

Gene
FOXM1
FDPS
POLR2F
H2AFX
HRH4
GUCY2C
AGTR1
PNPLA3
HTR1D
CHRM4

Degree
9
9
9
9
9
8
8
8
8
8

9]. Understanding the molecular pathogenesis has important implications for better
treatment options.
In the MMOC samples, we
identified 340 upregulated
and 265 downregulated genes. The GO analysis showed
that the upregulated DEGs
were mainly involved in protein phosphorylation, apoptotic processes and ATP binding. Downregulated DEGs were
mainly involved in calcium
channel activity, protein binding and innate immune response. Additionally, the KEGG
analysis supported the Wnt
signaling pathway, pathways
in cancer, the PI3K-Akt signaling pathway and the MAPK
signaling pathway. These functions and pathways were correlated with reports of the
bone and cell proliferation and
apoptosis.

We also obtained the 10 most
important genes from the
PPI network: ACTA2, PRKACG,
PIK3CG, SST, ADCY1, PTS2, ACTL1B, Bcl2,
PKLR and SREBF1. ACTA2 was the most highly connected. ACTA2 (Alpha 2 actin, smooth
muscle), an epithelial-mesenchymal transitionassociated gene, was involved in cell motility,
structure and integrity, and it also influenced the migration and invasion of tumor cells
[18]. Few reports have described the ACTA2’s
function in bone metabolism. Benjamin H.
Mullin reported, in the osteoclast-like cells and
osteoblast-like cells, ACTA2 might be regulated
by the RhoA signaling pathway [19]. Furthermore, ACTA2 is the main expression protein of
blood vessels in the plaque-deposited Alzheimer’s mouse model which may be associated
with CD105 positive cells that were mentioned
by initial researcher [20]. In addition, as the
marker of osteoprogenitor cells, which undergo
osteogenic differentiation induced by BMP-2
in vivo and in vitro [21], and α-SMA-positive
MSCs exhibited differentiation potential limited to osteogenesis [22]. The second gene,
PRKACG, which encodes the cAMP-dependent
protein kinase catalytic subunity, is usually corInt J Clin Exp Med 2018;11(11):12523-12530
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Table 4. Top3 modules from Protein-protein interaction network constituted by DEGs and the enriched
pathways respectively
Cluster Score

Nodes

Edges Node IDs

Enriched pathways

1

9

9

36

PTGER3, CXCL5, ADCY1, 1. G-protein coupled receptor signaling pathway
S1PR3, HTR1D, HRH4,
2. Adenylate cyclase-modulating G-protein coupled receptor signaling pathway
GAL, CHRM4, SST
3. Cell-cell signaling

2

5.6

6

14

PIK3CG, MCL1, PI3,
BCL2, BCL2L11, PTGS2

3

5

5

10

TRAF7, HECTD2, ASB12, 1. Protein ubiquitination
FBXO40, RNF14

1. Positive regulation of intracellular signal transduction
2. Extrinsic apoptotic signaling pathway in absence of ligand
3. Apoptotic mitochondrial changes

Figure 1. Top3 modules from protein-protein
interaction network constituted by DEGs.

related with platelet-associated disease [23,
24]. Zhang S reported that it might affect the
regulation of cell function and improve proliferation through NF-rB pathway [25]. The third
gene, PIK3CG, plays a key role in the PI3K signaling pathway. PI3k-Akt/PKB is a pathway
involved in cell survival, proliferation and
metastasis, and PI3K/Akt/mTOR is relevant for
psoriasis [26]. PIK3CG as a direct downstream
target of miR-502 in hepatocellular carcinoma
cells interacts with G protein-coupled receptors during the proliferation of hepatocellular
carcinoma cells [27]. Additionally, PIK3CG ubiquitination occurring during apoptosis in cervical cancer cells is mediated through the PIK3
pathway and is also related to the formation of
carotid plaques [28, 29]. Apoptosis of osteo-
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blasts can be regulated by the VDR/PI3K/Akt
survival pathway [30]. SST is a regulatory peptide and has an anti-proliferative and pro-apoptotic effects [31, 32]. It has 5 receptors that are
typical G-protein-coupled receptors that act
through the MAPK pathway or methylation in
the cancer [33]. ADCY1 is also mediated by
G-protein-coupled receptors in cell growth and
is an isoform of adenylyl cyclase that synthetizes cAMP. cAMP plays an extended role in cell
functions as a second messenger [34]. In the
proteomic analysis of osteosarcoma tissue and
bone tumors, ADCY1 is downregulated [35].
The PTGS2 gene encodes the cyclo-oxygenase2 (COX2), which mainly induces the inflammatory response. Inhibiting COX2 blocks the
mitogenic effect in osteoblasts, which metasta-
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size to bone and growth in cancer [36-38].
BMP-2 can regulated COX-2 to influence the formation of osteoclast 10334922. ACTL7B is an
actin-like gene of ARP family involving similar
cellular processes has been found in the testis
and prostate. It has a site for cAMP/cGMPdependent phosphorylation [39]. Bcl2, which is
overexpressed in the osteoblast, inhibits cell
differentiation [40]. However, in the osteoclast,
Bcl2 plays the anti-apoptotic role [41], so downregulation of the Bcl2 can promote the bone
formation. PKLR mainly encodes pyruvate
kinase, the lack of which leads to hereditary
nonspherocytic hemolytic anemia [42]. In addition, PKLR can accumulate the glutathione and
affect processes related to the migration of
colon cancer [43]. SREBP transcription factors
are major regulators of lipid metabolism and
are closely related to cell growth and induces
epithelial-mesenchymal transition [44-46]. For
other genes, the most upregulated are IGHV431, IGHM, IGHG2, and IGHG1, which are immunoglobulin-related genes that may be associated with secondary MMOC. The most downregulated gene, FOXC2, is a transcriptional regulator of intermediate transformation during
developmental epithelial-mesenchymal transition (EMT) processes, which regulates the
expression of α-SMA and vimentin and affects
cell migration and invasion [47, 48]. More
importantly, there are articles demonstrating
that Foxc2 stimulates osteoblast differentiation in mesenchymal and preosteoblasts [49].
Conclusions
Our results highlight the importance of DEGs,
which may highlight some important elements
of the MMOC, with some being related to the
tumor and some being related to G-proteincoupled receptors. G-protein α can induce the
osteoblastic metaplasia of mesenchymal cells
[7]. New genes have been found to be related
to MMOC, but the function of these genes
remains to be elucidation. These discoveries
may provide hope outside of the traditional theory for treatment.
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