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Introduction 
Hair is a key physiological characteristic of humans and animals. It is also an important trait in 

animal breeding (Schneider et al., 2009) . Androgenetic Alopecia (AGA) is the most common 

form of non-scarring hair loss. Its main characteristics are the miniaturization of hair follicle (HF) 

and change of HF cycle driven by both genetics and hormones (Olsen et al., 2005, Ntshingila et 

al., 2021) . Dihydrotestosterone (DHT) has higher affinity for androgen receptor (AR), and its 

binding triggers a cascade reaction leading to HF miniaturization (Chumlea et al., 2004) . Despite 

numerous advances in AGA mechanism research (Inui and Itami, 2011) the clinical applications 

remain limited due to the lack of ideal animal models.  
Pigs have become a potential model for dermatological research due to their high anatomical and 

physiological similarity to human skin. (Hart et al., 2007, Swindle et al., 2012) . Cross-species 

comparison revealed greater similarity between pig and human epidermis (Wang et al., 2024).  The 

hair cycle patterns in pigs and humans are similar (Li et al., 2024) . 

This study constructed an androgen-induced AGA pig model and a multi-dimensional evaluation 

system, verifying its validity by detecting HF morphology and key signaling molecules. 

 

Materials & Methods 
Ethical approval. All procedures involving laboratory animals were reviewed and approved by 

the Institutional Animal Care and Use Committee (IACUC). All sample collection procedures were 

performed in strict accordance with the protocol approved by the IACUC (permit number DK996). 

 

Experimental animals. The animals used in this study were purchased from Beijing Shichuang 

Shiji Miniature Pig Breeding Base and housed at the Laboratory Animal Platform of China 

Agricultural University during the experiment. After one week of acclimatization, six sexually 

mature male inbred (F=0.15) Bama miniature pigs were randomly assigned to experimental group 

(n = 3) and a control group (n=3). 

 

AGA model establishment in pig. The same dorsal region of the Bama pigs was used for 

experimentation in both the treatment group and the control group. The treatment pigs received 

subcutaneous injections of DHT solution (5 mg/kg/day) daily until the end of the experiment, while 

the control group received only an equal volume of solution without DHT. Four weeks after 

injection, physical depilation was performed on the treatment and control groups to synchronize 

hair into a new growth cycle (designated as P0). Subsequently, the pre-depilation intervention was 

continued. 

 

Validation and mechanistic insights of the AGA pig model. New hair growth was first 

documented to indicate the efficacy of the model. To facilitate the quantification of hair coverage, 

https://doi.org/10.31274/wcgalp.23577
https://creativecommons.org/licenses/by/4.0/
mailto:sjuan2021@163.com


2 

 

an area the size of a one-yuan coin (about 5 cm2) was selected at different time points for hair 

density assessment. Hair length was measured with a vernier caliper. In addition, Skin samples 

were collected at P14, P28, P35, P42, and P56 for HE staining to analyze HF phenotypes. At P56, 

major organs were collected for RNA-seq to further explore the systemic effects of the model. 

  

Results 
Excessive androgens inhibit hair growth in pigs. The new hair density and hair length on the 

pig skin surface indicate that DHT injection significantly inhibits pig hair growth. At P14, 

prominent hair regrowth was observed on the skin surface of pigs in the control, whereas no hair 

regrowth was detected in the treatment (Fig. 1a_top, Fig. 1b). At P28, hair density in the treatment 

was lower compared with the control (Fig. 1a_middle, Fig. 1c), demonstrating that DHT delayed 

pig hair regrowth. At P35, fine, short vellus hairs was detectable in the treatment, in contrast to the 

thick, long hairs in the control (Fig. 1a_bottom). P42 to P56, hair length in the DHT group was 

shorter than control (Fig. 1d, e). Additionally, no significant difference was observed in hair length 

of the treatment at P56 compared with P42 (data not shown), whereas hair length in the control at 

P56 was increased than P42. This indicated that hair growth in the treatment group likely ceased 

at P42. Collectively, these results confirm that continuous DHT stimulation inhibits hair growth in 

pigs. 

 

 
Figure 1. Comparison of hair regrowth. a. Observation of hair regrowth at different time points. 

b-e. Statistics of hair density and length at different time points. Data are presented as the mean ± 

SEM.*P< 0.05, **P< 0.01. ****P< 0.0001 (Student’s t-test, n = 3 for each group) 

 

Sustained androgen stimulation induces pig HF miniaturization. Analysis of HF phenotypes 

at different times revealed that HF in the DHT group was significantly smaller (P<0.01). 

Specifically, at P14, HFs in the DHT group entered the early anagen stage, with new hair shafts 

not yet reaching the skin surface and the entire HF located within the dermis (Fig. 2a_left), 

However, normal HF had matured and reached the subcutaneous fat (Fig. 2a_ right). Util P56, HFs 

of DHT group remained localized within the dermal (Fig. 2b, c, d). The HF length (Fig. 2e), follicle 

diameter and dermal papilla (DP) diameter (Fig. 2f) in the DHT group were significantly smaller. 

These results confirm that subcutaneous DHT injection induces pig HF miniaturization, consistent 

with the pathological characteristics of human AGA. 

 

Transcriptomic characteristics in the AGA pig model. Skin transcriptomic analysis revealed 

differential expression of HF cycle makers. For instance, the BMP2 gene, which maintains HF 
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catagen and telogen, was upregulated in the DHT group, while its antagonist FSTL5 was 

downregulated (Fig. 3a), indicating DHT stimulation causes earlier hair degeneration in pigs. The 

differentially expressed genes (DEGs) enriched pathways include PPAR, fatty acid pathway (Fig. 

3b). In addition, numerous DEGs were detected in the reproductive system (p. adjust<0.05, 

|log2FC|>1): 470 upregulated and 533 downregulated in the epididymis, 813 upregulated and 690  

 

 
Figure 2. Hair follicle phenotype analysis. a-d. Hair follicle phenotypes at different time points 

(P14, P28, P35, P42). e. Quantification of hair follicle length. f. Quantification of hair follicle 

diameter and dermal papilla diameter. Scale bar = 100μm 

 

 

 
Figure 3. Transcriptomic analysis of the pig AGA model. a. Heatmap of DEGs in the skin. b. 

Volcano plot of DEGs in the skin. c. KEGG enrichment analysis plot of DEGs in the skin. d. 

Number of DEGs in the reproductive system. e. Pathway enrichment analysis of DEGs in the testis. 

f. Pathway enrichment analysis of DEGs in the epididymis. 
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Discussion 
In this study, Continuous DHT intervention successfully induced hair cycle disorder, shortened 

anagen with HF miniaturization in pigs, which aligns with the characteristics of human AGA 

(Olsen et al., 2005). Transcriptomic analysis revealed that genes regulating HF catagen and telogen 

(e.g., BMP2) were significantly upregulated by DHT induction, indicating its premature entry into 

the catagen. In addition, genes involved in the DP microenvironment were downregulated in the 

DHT group, further supporting miniaturization of DP. Studies have demonstrated that PPARγ (e.g., 

PPARG, FABP4, PLIN1) mediated adipogenesis may play a role in AGA (Cruz et al., 2023) , and 

these genes and pathways were identified in this study. 

 

Conclusion 
This study successfully modeled the AGA progression in pigs and established a multi-dimensional 

evaluation system, which not only provides valuable materials for hair disease research but also 

supports mammalian hair development and breeding optimization of hair traits. 
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