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Background: Androgenetic alopecia (AGA) is a type of non-scarring hair loss. Current drugs for AGA are
accompanied by adverse reactions and a high recurrence rate. Thus, the discovery of diagnostic biomarkers
and therapeutic targets for AGA remains imperatively warranted.

Methods: The GSE90594 dataset, which contained scalp skin biopsies from 14 male AGA cases and
healthy volunteers, was used to identify the differentially expressed genes (DEGs). Functional enrichment
analysis was subsequently performed. Next, the Search Tool for the Retrieval of Interacting Genes/Proteins
(STRING) database combined with the cytoHubba plugin of Cytoscape were used to obtain the key genes
of AGA. Thereafter, the Cell-type Identification by Estimating Relative Subsets of RNA Transcripts
(CIBERSORT) algorithm was performed to evaluate the relative abundance of immune cells between
male AGA patients and healthy controls. The correlation between key genes and infiltrating immune cells
was analyzed to obtain the significant immune-cell related genes (IRGs), then intersected with the DEGs
between immortalized balding and non-balding human dermal papilla cells (DPCs) of the GSE93766 dataset
as well as the DEGs obtained by the GSE90594 dataset, thus obtaining the hub genes of AGA. Finally, the
hub genes were validated using GSE36169, which contained expression profiling of tissues biopsied from
haired and bald scalps of five individuals with AGA.

Results: A total of 234 DEGs were obtained from the GSE90594 dataset, which were mainly enriched
in the extracellular matrix (ECM)-related pathways and immune-related activities. The STRING database
and ten algorithms in the cytoHubba plugin of Cytoscape disclosed 21 key DEGs. The results of the
CIBERSORT algorithm revealed the relative abundances of 20 kinds of immune cells between diseased and
healthy individuals, and yielded 15 IRGs involved in the pathogenesis of AGA. Next, the intersection analysis
identified four hub genes of AGA, comprising COL1A2, PCOLCE, ITGAX, and LOX. The GSE36169
dataset validated the expression pattern of hub genes in the haired scalp of AGA patients.

Conclusions: We discovered that the hub genes identified are closely linked with the causative factors of
AGA, which could be used as the viable diagnostic and therapeutic target in the clinical applications.
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Introduction

Androgenetic alopecia (AGA), also known as androgenic
alopecia (1), is a type of non-scarring hair loss mainly
characterized by a receding hairline on the forehead and
sideburns, while the temporal and occipital areas remain
unaffected, forming a characteristic “horseshoe” pattern (2),
which is a intricated disorder with the interplay of genetic,
mental, and environmental factors precipitating its onset (3).
Intriguingly, the clinical manifestation of AGA is not identical
in males and females, and the latter presents as top hair
thinning and diffuse hair loss or a Christmas tree pattern (4).
The prevalence of AGA varies by ethnicity and age (5), with
a higher incidence in males than females (6). Despite taking
a benign clinical course, the negative influence on the
life quality of AGA patients is profoundly substantial (7),
especially in psychological terms; it can be associated with
depression, anxiety, and psychological illnesses (1,8), taking
a considerable toll on individuals and societies. Currently,
finasteride and minoxidil are the only two types of drugs
approved by the US Food and Drug Administration (FDA) (9)
for the management of AGA; however, certain drug
reactions and a high recurrence rate limit the value of these
drugs (10). Besides, despite the straightforward diagnostic
approach of AGA in clinical settings, its characteristics of
hair loss are sometimes similar to other types of disorders
(e.g., telogen effluvium, alopecia areata) (11,12). Thus,
diagnostic biomarkers and therapeutic targets for AGA
remain in demand.

Pathologically, the hair follicle (HF) takes the
center stage in the initiation and progression of AGA,
which manifests as shortening of the anagen phase and
prolongation of the telogen phase, eventually contributing
to miniaturization and progressive hair loss (13,14).
Notably, HF has its own unique immune system (15),
which ensures normal hair growth and plays a pivotal role
in immune protection (16,17), with compelling evidence
of in vivo data elucidating that immune cells function as
an activator for hair follicle stem cells (HFSCs) and the
telogen-to-anagen transition of HF (16,18,19). Besides
the immune component, HFSCs are also essential parts
of the local environment that participate in the cycle
of hair regeneration which remain quiescent and fail to
differentiate into HF precursors in the alopecia region
of AGA (20). Previous research elucidated the intricate
and dynamic interplay among various components of the
local environment of HE, thus affording an opportunity to
overcome the lack of major breakthroughs against AGA.
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In the work presented here, the GSE90594 dataset,
which contains scalp skin vertex biopsies from 14 cases of
male AGA and healthy volunteers, was used to investigate
the expression patterns of AGA, thereby identifying
the differentially expressed genes (DEGs). Functional
enrichment analysis was subsequently performed to reveal
the biological functions and related pathways of the DEGs.
Next, a protein-protein interaction (PPI) network was
constructed using the Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING) database and the
cytoHubba plugin of Cytoscape (https://cytoscape.org/)
was used to score each node gene with 10 algorithms,
then the intersection analysis was performed to obtain the
key genes via R package “UpSet. Thereafter, the Cell-
type Identification by Estimating Relative Subsets of RINA
Transcripts (CIBERSORT) algorithm was performed to
evaluate the relative abundance of immune cell between
male AGA patients and healthy controls, the correlation
analysis between key genes and infiltrating immune cells
was also analyzed, and the significant immune-cell related
genes (IRGs) were retained and intersected with the DEGs
between immortalized balding and non-balding human
dermal papilla cells (DPCs) in the GSE93766 dataset as well
as the DEGs obtained by GSE90594 dataset, thus obtaining
the hub genes of AGA. Finally, the hub genes were validated
using the GSE36169, which contained expression profiling
of biopsied from haired and bald scalp of five individuals
with AGA. Collectively, we could discover that the hub
genes identified in this study are closely linked with the
causative factors of AGA, which could be used as the viable
diagnostic and therapeutic target in the clinical applications.
We present the following article in accordance with the
STREGA reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-4634/rc).

Methods
Raw data acquisition

Transcriptomic expression profiling of AGA (GSE90594)
was downloaded from the Gene Expression Omnibus (GEO)
(https://www.ncbi.nlm.nih.gov/geo) database. The dataset
was based on GPL17077 platform, including scalp skin
vertex biopsies from 14 cases of male AGA and a matched
numbers of healthy volunteers. Besides, GSE36169 was
also downloaded, which contained expression profiling
of biopsied from haired and bald scalp of five individuals
with AGA, for the analysis. Thereafter, high throughput
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sequencing data of GSE93766 based on GPL11154
platform was also acquired from GEO database, containing
immortalized balding and non-balding human DPCs derived
from male AGA patients. The study was conducted in

accordance with the Declaration of Helsinki (as revised in
2013).

Data preprocessing

After expression matrixes of GSE90594 and GSE36169
were downloaded from the Gene Expression Omnibus
(GEO) database, a platform annotation file was
downloaded to transfer the probe expression matrix into
a gene expression matrix. Then, we downloaded all SRA
files of the GSE93766 dataset, including SRR5184331,
SRR5184332, SRR5184333, SRR5184340, SRR5184341,
and SRR5184342. Next, the fasterq-dump of R package
“sratoolkit” was used to transfer the SRA files to the fastq
files, and “fastqc” and “multiqc” were used to examine the
quality of sequencing. Thereafter, package “Irim Galore”
were used to proceed automated adapter and quality
trimming, and the gene expression matrixes were obtained
using the featureCounts function of “Rsubread” package.

Principal component analysis

Principal component analysis (PCA) of samples in
the GSE90594 dataset was analyzed by R package
“FactoMineR”; and visualized by R package “factoextra”.

Identifications of DEGs

The DEGs in datasets used were identified using R package
“DESeq2”, with the P value <0.05 and llog fold change
(logFC)1 >0.5 as the threshold, then visualized by R package
“ggplot2” and package “pheatmap”.

Functional envichment analysis of DEGs

The R package “org.Hs.eg.db” was used to transform
gene names of DEGs into gene ID. Next, R package
“ClusterProfiler” was used to perform Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analyses, with the P value <0.05 as selection
criteria, thus visualizing by package “GOplot” and package

“ggplot2”.
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Screening of key genes of DEGs

First, the STRING (https://string-db.org) database was
conducted to construct the PPI network of DEGs with
minimum required interaction score of 0.4, thereby obtaining
the interaction network file. Next, the cytoHubba plugin
of Cytoscape (v 3.8.2) was used to score each node gene
with the 10 algorithms, containing MCC (Maximal Clique
Centrality), DMNC (Density of Maximum Neighborhood
Component), MNC (Maximum Neighborhood Component),
Degree, EPC (Edge Percolated Component), BottleNeck,
EcCentricity, Closeness, Radiality, and Betweenness. After
the top 50 node genes ranked by each algorithm were
obtained, the intersection analysis was performed to obtain

the key genes via R package “UpSet”.

Immune infiltration and correlation analysis

The CIBERSORT algorithm was performed to evaluate
the relative abundance of immune cell between male AGA
patients and healthy controls. First, the expression matrix
data of GSE90594 were standardized via package “DESeq2”.
Then, based on the reference gene expression signatures
of 22 kinds of immune cell gene set provided by Newman
et al. (21), the expression matrix of GSE90594 was used for
calculating the relative abundance of infiltrating immune
cells with 1,000 permutations (22). Specifically, only results
with P<0.05 were retained for the following analyses, and
the visualization of results obtained from CIBERSORT
was performed using packages “vioplot”, “pheatmap”, and
“ggplot2”. Besides, the correlation analysis between key
genes and infiltrating immune cells was also analyzed, and
the significant IRGs were retained and intersected with
the DEGs between immortalized balding and non-balding
human DPCs in the GSE93766 dataset, thus obtaining the
hub genes of AGA.

Statistical analysis

Correlation between key genes and relative levels of
immune cell subtypes were carried out through Spearman’s
correlation analysis, and comparisons of expression levels
of each hub genes between male AGA patients and healthy
controls were performed using Wilcoxon test. A P value
<0.05 was considered statistically significant in the above-
mentioned analyses.
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Figure 1 Identification of DEGs between AGA patients and healthy controls. (A) PCA analysis of different groups of samples in GSE90594;
(B) volcano plot presenting the 234 DEGs between AGA and healthy controls. The red dots indicate the upregulated DEGs, and the green
dots indicate the downregulated DEGs, while the black dots indicate DEGs with no significant difference or did not reach the threshold
for the logFC; (C) heatmap manifesting the relative expression levels of DEGs between AGA and healthy controls. DEGs, differentially

expressed genes; AGA, androgenetic alopecia; PCA, principal component analysis; logFC, log fold change.

Results
Identification of DEGs

To investigate the expression patterns of AGA, the
GSE90594 dataset was used for the following analyses,
containing scalp skin vertex biopsies from 14 cases of
male AGA patients and an identical number of healthy
volunteers. Notably, the results of PCA manifested that the
differences between AGA patients and healthy controls are
limited (Figure 14). Next, we further obtained the DEGs
between different samples with P<0.05 and [logFC)I
>0.5, thus identifying a total of 234 DEGs, which included
114 up-regulated and 120 down-regulated genes, and
visualized them with a volcano plot (Figure 1B) and heatmap
(Figure 1C), among which LINC02655, LINC02634, and
PSPHPI were the DEGs with the most significant logFC
value, whose expression levels were consistently diminished
in the AGA samples. Collectively, the above-mentioned
results indicated that the expression pattern between AGA
patients and healthy samples varied, and the DEGs between

© Annals of Translational Medicine. All rights reserved.

different samples could be the essential factors related to
the pathogenesis and evolution of the AGA.

Functional enrichment analysis

To further delineate the biological functions and related
pathways of DEGs, we then performed functional
enrichment analysis on the DEGs. The GO annotations of
DEGs mainly enriched in the extracellular matrix (ECM)-
related pathways (Figure 24-2C), such as ECM organization,
collagen-containing ECM, and ECM structural constituent.
Intriguingly, collagen-related terms were also implicated,
including collagen fibril organization, collagen trimer,
and collagen binding. Besides, immune-related activities
were also involved in the functional enrichment of DEGs,
spanning MHC class II protein complex, antigen binding,
and MHC class II receptor activity. Next, KEGG analysis
was used to investigate the associated enrichment pathway
of DEGs (Figure 2D), with results demonstrating that
DEGs were significantly enriched in protein digestion
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Figure 2 Functional enrichment analysis of DEGs. (A) The significantly enriched biologic process of GO terms; (B) the significantly
enriched cellular components of GO terms; (C) the significantly enriched molecular functions of GO terms; (D) KEGG pathway analysis of
DEGs. DEGs, differentially expressed genes; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; logFC, log fold
change.
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Figure 3 Identifications of key genes of AGA. (A) PPI network construction of DEGs using STRING database; (B) identifications of key
genes of AGA using ten algorithms in the cytoHubba plugin of Cytoscape; (C) relative expression levels of key genes; (D) comparative
analysis of key genes expression levels of scalp skin in the AGA and healthy volunteers. **P<0.01, **P<0.001, and ****P<0.0001. AGA,
androgenetic alopecia; PPI, protein-protein interaction; DEGs, differentially expressed genes; STRING, Search Tool for the Retrieval of

Interacting Genes/Proteins.

and absorption, amoebiasis, renin-angiotensin system,
ECM-receptor interaction, and the PI3K-Akt signaling
pathway. Summarily, DEGs between AGA and healthy
individuals disclosed that the complex mechanisms of AGA,
simultaneously elucidating that the DEGs are the nexus of
immune cells and immune-related process or activities.

Screening of key genes of AGA

To screen the key genes in the DEGs, the PPI network was
constructed using the STRING database with minimum
required interaction score of 0.4 (Figure 34), thus obtaining

© Annals of Translational Medicine. All rights reserved.

an interaction network file. Next, 10 algorithms in the
cytoHubba of Cytoscape, as previously described, were
used to calculate and rank the score of each gene. We then
intersected the top 50 genes obtained in the 10 algorithms
using UpSet plot (Figure 3B), thereby identifying shared
21 genes, which included SERPINAI, POMC, THBSI,
COL8AI, ITGAX, IKZF1, CMAI, ELN, CHGA, TYRPI,
CPA3, TPSABI1, KIT, CTSG, STVMIN2, ALDHIAI, NPY,
LOX, PCOLCE, COL1AI, and COLIA2. The expression
levels of key genes of the AGA patients and healthy
controls were visualized using a heatmap (Figure 3C), and
presented specific transcriptomic patterns in AGA patients,
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manifesting augmented levels in most of the aforementioned
key genes. Specifically, SERPINAI, POMC, THBS1, and
COLS8AI were significantly highly expressed in the samples
originated from scalp skin vertex biopsies of healthy
volunteers, and enhanced expression of remaining 17 genes
was presented in the AGA patient samples (Figure 3D).
Summarily, we could tentatively propose that such 21 key
genes may assume key functions in the developments of the
AGA, and, more importantly, could be used as a potential
diagnostic biomarker as well as promising targets tailoring
therapeutic regimens in the managements of AGA.

Immune cell infiltration analysis of AGA and bealthy scalp
skin

Next, we aimed to parse the immune cell infiltration in AGA
and healthy scalp skin using the CIBERSORT algorithm.
After excluding the samples with P>0.05, 10 AGA and 12
healthy samples were retained for the following analyses.
Relative abundances of 20 kinds of immune cells in these
samples were presented in histogram (Figure 4A4), with
the heatmap showing the normalized absolute abundance
(Figure 4B) of immune cells. Notably, memory resting CD4 T
cells, naive CD4 T cells, M2 macrophages, MO macrophages,
and resting mast cells were the leading types of infiltrating
immune cells in the sample. We further compared the
relative abundances of immune cells between AGA patients
and healthy controls using Wilcoxon test, among which
the follicular helper T cells manifested a higher relative
abundance in control group, and a significant increase of
gamma delta T cells in AGA patients compared with healthy
individuals was presented (Figure 4C). Here, we discovered
that the relative abundances of certain types of immune cells
varies, coupled with the immune-related terms obtained by
the functional enrichment analysis of key genes, indicating
that the key genes play an essential role in the pathogenesis
of AGA, whereby possibly influencing the relative abundance
of immune cells and immune-related activity.

Identifications of IRGs

As previously described, we maintained that the immune
cells and immune-related activities could contribute to the
developments of AGA, and the aforementioned key genes
may act as a connecting bridge to the immune system and
phenotype changes of AGA in cellular levels.

To confirm this hypothesis, we further delineated the
correlation between the key genes and varying immune cell

© Annals of Translational Medicine. All rights reserved.
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subtypes. Notably, the correlation analysis disclosed the
close associations among key genes, and their relationships
with immune cells (Figure 5A4). Specifically, we found that
certain key genes are significantly correlated with multiple
immune cells, except for ALDHI1AI, COL8AI, ELN,
POMC, STMN2, and THBS1 (Figure 5B), which were
termed as IRGs. Among which, mast cells presented the
most significant associations with the IRGs, with activated
and resting mast cells significantly correlated with seven
and eight IRGs, respectively, followed by follicular helper T
cells. Thus, we postulated that the 15 IRGs are the essential
indicators reflecting the immune component remodeling in
the local microenvironment, and the potential diagnostic
biomarker and therapeutic targets in AGA. The following
enrichment analyses revealed that the 15 IRGs are mainly
enriched in the collagen-related GO terms (Figure 5C),
such as fibrillar collagen trimer in cellular component and
collagen-binding in molecular function. Besides, hormone-
related terms (e.g., peptide hormone processing) and
endocrine-related terms (e.g., platelet-derived growth factor
binding) are also involved. Interestingly, the KEGG analysis
suggested that the immune-related pathway, complement
and coagulation cascades, was associated (Figure 5D).
Summarily, we noticed that the 15 genes that significantly
related to the relative abundances of various immune cell
subtypes were predominantly enriched in the immune- and
collagen-related GO terms, and further indicated that such
genes could be candidate genes involved in the pathogenesis

of AGA.

Identification and validation of bub genes for AGA

It is well documented that DPCs are pivotal in the growth
process of hair, and cultured DPCs have been used as a
cellular model to investigate the causative factors for AGA
(23-25). Thus, the high throughput sequencing data of
GSE93766, containing immortalized balding and non-
balding human DPCs derived from male AGA patients,
was used for the following analysis, thus identifying the
hub genes for AGA combing with GSE90594. First, the
identification of DEGs between immortalized balding
and non-balding DPCs revealed a total of 5,797 DEGs,
and P<0.05 and llogFC)| >0.5 were set as the threshold
(Figure 6A). Notably, FOS presented the greatest logFC
value in up-regulation DEGs, while CD70 was most down-
regulated gene in AGA samples. Next, we intersected the
DEGs obtained from GSE93766 and GSE90594 with 15
IRGs, thus identifying four hub genes for AGA, comprising
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Figure 4 Immune cell infiltration analysis. (A) Relative abundances of immune cells in AGA and healthy scalp skins; (B) normalized absolute

abundance of immune cells in AGA and healthy scalp skins; (C) comparative analysis of relative abundances of immune cells in AGA and

healthy scalp skins. AGA, androgenetic alopecia.

COL1A2, PCOLCE, ITGAX, and LOX (Figure 6B). Next, to
further validate the results, GSE36169 was used to confirm
the hub genes, which contained expression profiling of
biopsied from haired and bald scalp of five individuals
with AGA. Specifically, the expression levels of COL1A42

© Annals of Translational Medicine. All rights reserved.

and LOX were significantly diminished in the haired scalp
of AGA patients (Figure 6C,6D), which agreed with the
previous result. Notwithstanding, PCOLCE and ITGAX
were not detected in this dataset, but this may have been
due to discrepancies in sequencing depth and sample biases.
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Figure 5 Identifications and function enrichment analysis of IRGs. (A) Correlation analysis between key genes and varying immune cell
subtypes; (B) identifications of IRGs; (C) GO function enrichment analysis of IRGs; (D) KEGG pathway analysis of IRGs. IRGs, immune-
related genes; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure 6 Identification and validation of hub genes for AGA. (A) Volcano plot manifesting the DEGs between immortalized balding and
non-balding human DPCs from AGA patients using GSE90594 dataset; (B) identification of hub genes for AGA; (C,D) validation of hub
genes using the GSE36169 dataset. AGA, androgenetic alopecia; DEGs, differentially expressed genes; DPCs, dermal papilla cells.

Discussion

AGA is a multifactorial disease, featured by typical clinical
manifestations and high prevalence in both genders (26). To
date, the essential factors implicated in the etiopathogenesis
of AGA have been well characterized, represented by
dihydrotestosterone (DHT) (27,28), genetic predisposition
(29,30), environmental input (31), and aging (3,25). Minoxidil
and finasteride remain the only two kinds of pharmacological
therapies approved by the FDA (8), with encouraging efficacy
presenting in the clinical settings (32). Nevertheless, their
treatment responses have varied (31,33), accompanied by
various degrees of adverse reactions (34). Despite tremendous
progress having been achieved concerning the pathogenesis
and managements of AGA in the past decades (31),
it is unequivocal from the available literature that much
remains to be addressed, especially in the identification of
the alternative or individualized therapeutic approaches with
lessened side effects and improved efficacy (1,5).

The HF is a delicate organ undergoing cyclic involution
and regeneration (35,36), and HFSCs are indispensable
part of the hair regenerations (37), supported by the varying
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nearby cells in the local environment, together constituting
a HFSC niche (17). Notably, except for HFSC itself,
the niche consists of various cell types, including DPCs,
adipocytes, and immune cells (17). Among them, DPCs
take center stage in the activations of HFSCs, thereby
providing a pivotal signal initiating hair regeneration and
orchestrating the crosstalk among disparate cell types
in the microenvironment (38). Intriguingly, androgen
receptors (AR) are predominantly expressed by DPCs,
but not expressed by keratinocytes in the HF (17), with
compelling evidence indicating that significantly elevated
AR expressions can be observed in the DPCs originated
from bald scalp compared to the non-bald scalp samples
of AGA patients (27), which was also supported by iz vitro
data (39). Cellular actors of DPCs implicated in physiologic
and pathophysiologic circumstances make it an ideal model
investigating the underlying mechanism of AGA (25,38).

In our study, high throughput sequencing expression
profiling of immortalized balding and non-balding DPCs
derived from male AGA patients, combining with the RNA-
seq data of clinical biopsies of AGA and healthy volunteers,
was used to identify the hub genes for AGA, comprising
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COL1A2, PCOLCE, ITGAX, and LOX. Note worthily, the
role of COLI1A2 in HF has been appreciated, which belongs
to collagens family members (40,41), participating in the
formations of ECM, with conclusive reports maintaining
that the cross-talk between ECM and dermal papilla is
indispensable for the HF development and regeneration (42),
and that LOX also plays a similar yet specific role that
is responsible for deposition and stabilization of ECM,
which is regulated by transforming growth factor (T'GF)-p
signaling pathways, a pivotal player in the control of HF
developmental and AGA pathogenesis (31,43). Similarly,
PCOLCE is an essential factor in the telogen-to-anagen
transition of HF (44), manifesting enhanced expression
levels in DPCs and also known as an activator of BMPI in
bone morphogenetic protein (BMP) signaling pathways (41).
Nevertheless, the associations with ITGAX and AGA remain
elusive, with many lines of evidence reveling that ITGAX is
a candidate gene for autoimmune diseases (45), which may
shed the light on the fact that autoimmune mechanisms
may be implicated in AGA, like alopecia areata (46).
Collectively, we could discover that the hub genes identified
in this study are closely linked with the causative factors
of AGA, which could be used as the viable diagnostic and
therapeutic target in the clinical applications.

In recent times, attention has increasingly been given to the
functions of immune cells in the skin. In addition to assuming
nascent functions of immune surveillance and microbial
defense, immune cells are integral parts of homeostasis
maintenance of skin (18), hair cycling induction (19),
and facilitating wound healing (47). More importantly,
immune cells have been demonstrated to contribute to
immune-mediated alopecias in humans, such as alopecia
areata (48), primary cicatricial alopecia (49), and frontal
fibrosing alopecia (50). Immune profiles of such types of
alopecia have been well delineated before, thus offering
novel avenues for exploration in future research (49).
Notwithstanding, as research into the role of the immune
cell regulation in AGA is in its infancy, further studies into
this field are still imperative, thereby breaking through the
present bottle necks.

In this study, we aimed to identify the potential therapeutic
targets of AGA using multiple datasets in the GEO database,
and we discovered that the DEGs between the scalp skin
vertexes of male AGA patients and healthy volunteers were
specifically enriched in the immune-related terms. The
following analysis based on the CIBERSORT algorithm
indicated that the AGA patients presented disparate relative
immune cell composition to that of the healthy volunteers,
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and high abundance of CD4 T cells, macrophages, and mast
cells were consistently presented in both diseased and healthy
scalps. Thus, we assert that immune-related activities and
immune inflammatory cells contribute to the development
and progression of AGA, as previously reported (51,52).
However, whether the immune cells are associated with the
typical phenotypes of AGA remain uncharacterized. In this
regard, further study is warranted. This study has certain
limitations. First, the sample sizes of datasets used in the
study were comparatively small, and larger sample-sized, or
multicentered cohorts are needed to increase the reliability
of these conclusions. Second, it is imperative to validate our
findings through ongoing experiments.

Conclusions

In this study, we used high throughput sequencing
expression profiling of immortalized balding and non-
balding DPCs, combining with the RNA-seq data of clinical
biopsies of AGA and healthy volunteers, thus identifying the
hub genes for AGA. Besides, we also dissected the immune
cell infiltration of AGA, providing novel perspectives for
the immune mechanism of AGA.
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