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To the Editor,
Paxbp1, an evolutionarily conserved nuclear protein, 
is broadly expressed in multiple tissues and cell types. 
Recent studies have identified Paxbp1 as an important 
regulator of muscle and immune system development 
(1–4). It has been reported that loss of Paxbp1 in adult 
mouse muscle satellite cells leads to regeneration failure 
in muscle (3). Additionally, mutations in PAXBP1 are 
closely correlated with developmental delay and myopa­
thic hypotonia in the clinic (2), revealing its crucial role 
in muscle function maintenance. Recently, our mouse 
studies demonstrated that T-cell-specific Paxbp1 dele­

tion leads to marked thymic atrophy (4). These insights 
highlight the essential roles of Paxbp1 in tissue develop­
ment. However, its role in the skin and skin appendages 
remains largely unexplored.

To investigate the role of Paxbp1 in skin development, 
we generated a skin-specific Paxbp1 knockout (Paxbp1 
KO) by crossing the Paxbp1 floxed allele with the K14-
Cre (5). Histological analysis revealed that epidermal 
Paxbp1 deletion leads to extremely severe skin structure 
disruption, because the mice born with Paxbp1 deficiency 
showed marked separation at the dermo–epidermal junc­
tion and significantly thinner epidermal thickness (5). 

Fig. 1. Absence of Paxbp1 leads to a reduction in the 
number of hair follicles. (A) Haematoxylin & eosin staining 
of sections from abdominal skins of newborn Control and 
Paxbp1 KO (homozygous) animals. Red arrows mark hair follicle 
architectures in the skin section of Control and Paxbp1 KO 
(homozygous) animals. Scale bar = 100 μm. (B) Quantification 
data of hair follicle numbers in different groups (n = 8 for each 
group). (C) GO term enrichment analysis of downregulated 
genes in Paxbp1 KO epidermis. Please note that signalling 
pathways related to hair follicle development and function are 
highlighted in a red box. (D) The Wnt and Hedgehog signalling 
pathways associated with Paxbp1 in Control and Paxbp1 KO 
mice were explored by GSEA (gene set enrichment analysis). 
(E) Heatmap showing differentially expressed genes (DEGs) 
associated with hair follicle development and function in 
Control and Paxbp1 KO epidermis. Three independent RNA-
Seq experiments are shown in each group. ***p < 0.001, 
compared with the indicated controls.
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Besides, H&E-stained skin sections from Paxbp1 KO and 
control mice revealed a significant change in the number 
of hair follicle architectures (Fig. 1A). Additionally, a 
dramatically reduced number of hair follicles in Paxbp1 
KO mice were detected by quantitative microscopy (Fig. 
1B). Thus, mice lacking epidermal Paxbp1 may lead to 
obvious hair loss.

To further investigate the potential mechanisms under­
lying the abnormal development of hair follicles caused 
by Paxbp1 deletion, we conducted an RNA sequencing 
analysis using epidermis from control and Paxbp1 KO 
mice. Global transcriptome analysis revealed profound 
gene expression differences between the 2 groups (5). 
Subsequently, gene ontology (GO) term analysis and 
gene set enrichment analysis (GSEA) were performed 
to explore the potential biological functions in which 
these DEGs could be involved. As expected, the GO term 
analysis revealed that biological processes, including 
epidermis development, skin development, and epider­
mal cell differentiation were significantly enriched in the 
DEGs between control and Paxbp1 KO epidermis (5). 
Interestingly, downregulated DEGs were also enriched 

in processes related to hair cycle process and hair follicle 
development in the mRNA profiles of Paxbp1 KO mice 
(Fig. 1C). Moreover, the GSEA analysis indicated that the 
Paxbp1 KO group was correlated with Wnt and Hedge­
hog signalling pathways (Ref 5, Fig. 1D), both of which 
play crucial roles in regulating hair follicle development 
and function (6, 7). Collectively, these results prompted 
us to further conduct a more detailed comparison of the 
hair follicle development-related genes at the transcrip­
tome level. Indeed, the heatmap analysis showed that a 
number of DEGs specific to hair follicle development and 
function were evidently altered in Control and Paxbp1 
KO mice, with the mRNA levels of genes including Shh, 
Lhx2, Foxi3, Edar, etc., markedly downregulated in the 
Paxbp1 KO group (Fig. 1E). 

Moreover, we performed qPCR analysis to examine 
the altered genes indicated by the RNA-Seq analysis. 
The qPCR results confirmed that genes related to hair 
follicle development and function, including Shh, 
Lhx2, Foxi3, Edar, etc., were significantly decreased 
in Paxbp1-deficient mice (Fig. 2A). Accordingly, hair 
follicle development, evaluated by Lhx2 and Sox9 im­

Fig. 2. Hair follicle development is dysregulated 
in Paxbp1 KO epidermis. (A) Real-time quantitative 
PCR (RT-qPCR) analysis was performed to validate the 
differentially expressed genes (DEGs) related to hair 
follicle development and function in Control and Paxbp1 
KO mice (n = 3). (B) Immunohistochemistry staining for 
hair follicle development-related molecules, including Lhx2 
and Sox9, was performed using skin tissues of Control 
and Paxbp1 KO mice. Nuclei are counterstained with 
haematoxylin. Scale bar = 50 μm. Red arrows indicate the 
positive staining. Image-Pro Plus 6.0 software was used to 
analyse the relative staining intensity of these proteins in 
Control and Paxbp1 KO epidermis (n = 4 for each group). 
***p < 0.001, **p < 0.01, *p < 0.05, compared with the 
indicated controls. 
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munohistochemical staining, was significantly blocked 
in Paxbp1 KO mice compared with control littermates 
(Fig. 2B). These results suggest that the Paxbp1-deficient 
murine exhibits obvious hair loss by altering molecules 
involved in hair follicle cycling and maintenance. 

One limitation of our study is that mice heterozygous 
for the floxed Paxbp1 allele appeared normal, when 
compared with control siblings (5). This could be explai­
ned by genetic compensatory mechanisms (8). To avoid 
inefficient deletion of the Paxbp1 gene, we focused our 
subsequent study on Paxbp1 KO (homozygous) and con­
trol mice. In addition, further studies are expected to shed 
light on the precise mechanism of Paxbp1 in hair follicle 
development. For example, whether those downregulated 
genes correlated with hair follicle function are directly 
targeted by Paxbp1 or not remains unexplored. Thus, 
chromatin immunoprecipitation sequencing (ChIP-Seq) 
will be helpful to identify the direct targets of Paxbp1 
in future studies.

In conclusion, our data reveal a critical role of Paxbp1 
in modulating hair follicle development in a murine 
model. Future studies assessing Paxbp1 activity in hair 
follicles may provide a novel model and potential thera­
peutic approach to treat alopecia.
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