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Introduction

Animal hair growth is an important research topic in the field of breeding. Hair growth is affected by circulating exosomes in the plasma, and sheep wool fiber thickness is altered by intravenous injection of miRNA mimics.





Methods

This study investigated the effect of miRNAs in circulating exosomes on an animal’s hair growth. Circulating exosomes were isolated from Xinji fine-wool and small-tailed Han sheep plasma using a two-phase system. A blank control group (NC), groups of model mice injected with exosomes from Xinji fine-wool sheep (XPE), and groups of model mice injected with exosomes from small-tailed Han sheep group (SPE) were set up as three groups of hair regeneration models.





Results

The results showed that the diameter of hair follicles in the XPE group was significantly smaller than that of the NC and SPE groups (P < 0.05), and the diameter of hair follicles in the SPE group was significantly larger than that of the NC and XPE groups (P < 0.05). There was no significant difference in the number of hair follicles among the three groups directly (P > 0.05). The diameter of hairs in the SPE group was highly significantly greater than that in the NC and XPE groups (P < 0.001), and the diameter of hairs in the XPE group was significantly greater than that in the NC and SPE groups (P < 0.01). In addition, the expression of the hair follicle growth markers Lef1, Wnt10b, Dkk1, b-catenin, Ptch1, and Shh indicated that circulating exosomes can accelerate the hair follicle development cycle. The expression of the hair melanin synthesis genes FZD3 and FZD4 indicated that circulating exosomes can affect hair follicle melanin synthesis. Immunohistochemistry results showed that the SPE group had greater levels of a-SMA protein. miR-31-5p, miR-133b, miR-433-3p, and miR-218 were similarly expressed in different samples, and the expression of all these miRNAs was significantly greater in the SPE group compared with the XPE group (P < 0.05). Circulating exosomes in Xinji fine-wool and small-tailed Han sheep altered the hair growth in mice.
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1 Introduction

Circulating exosomes are microscopic vesicles secreted by cells that circulate in the body via the bloodstream (Isaac et al., 2021). Circulating exosomes come from various tissues and organs and are stable in the blood, so microRNAs (miRNAs) contained in circulating exosomes in the blood are usually regarded as stable and reproducible biomarkers (Chen et al., 2008).

It has been reported that depression-like symptoms can be alleviated in mice by injecting blood exosomes from depressed patients (Wang et al., 2021). The aging phenotype of aged mice was alleviated by injecting vesicles from the blood of young mice. These studies demonstrate that circulating exosomes in the blood affect biological development.

Synthesis of animal fibers is a complex physiological process that is influenced by macroscopic factors such as breed, environment, nutrition, and metabolic levels (Rogers, 2006). At the cellular level, animal papilla cells are also affected by small nucleic acids such as miRNAs (Kirgiafini et al., 2024). However, how macrofactors interact with miRNAs has not been studied. In recent years, circulating exosomes in the blood have been shown to affect hair follicle development in a wave-like pattern of metabolism (Ma et al., 2022). The expression of circulating exosomes is susceptible to change due to environmental, dietary, and species factors (Alberro et al., 2021), which suggests that when animals are affected by the environment and other factors, the animals deliver miRNAs through their own circulating exosomes, altering their own fiber traits. In-depth research on the relationship between circulating exosomes and hair growth animals will be of great practical significance for livestock breeding and feeding.

The hair follicle is important for wool growth, and the hair follicle is considered to be a miniature organ follicle formed by the interaction of the neural ectoderm and mesoderm (Schmidt-ullrich and Paus, 2005). Development of the hair follicle begins in the early embryo. Its normal development and alternation of the hair follicle cycle are promoted through interactions between Wnt, Hedgehog, Notch, and bone morphogenetic protein signaling pathways (Mou et al., 2006). Hair growth is usually marked by skin pigmentation as an indicator of the hair follicle growth cycle, whereas hair morphology requires the interaction of mesenchymal and epithelial cell signaling molecules during the early stages of hair follicle development to induce cells to undergo cellular differentiation (Schmidt-ullrich and Paus, 2005). Currently, platelet-rich plasma is used clinically to treat androgenetic alopecia (Balasundaram et al., 2023). Some studies have shown that circulating exosomes can induce hair papilla cells (Nilfououshzadeh et al., 2021), suggesting that blood and exosomes may influence hair follicle growth.

The fineness of sheep wool fibers can be changed by intravenous injection of miRNA mimics (Wang et al., 2023); this experiment considers the influence of a sheep’s own subcortical cells and exosomes on exogenous exosomes. Plasma exosomes of Xinji fine-wool and small-tailed Han sheep were injected into the subcutaneous tissue of hair regeneration model mice. miRNAs have the ability to communicate with each other across species (Schuh et al., 2019), and the phylogenetically conserved sequences of miRNAs do not easily mutate (Ambros, 2004). Therefore, this experiment provides a new perspective for the study of hair follicle growth in domestic animals which will be relevant for feeding optimization and biosecurity in modern animal husbandry.




2 Materials and methods



2.1 In-vivo testing, sample collection, and exosomal characterization



2.1.1 Animals and procedures

Sheep and mice used in this experiment were provided by the Laboratory Animal Experiment Center and the College of Agriculture of Yanbian University (Yanji, China). All animal experiments were conducted in accordance with the International Guidelines for the Care and Use of Laboratory Animals and approved by the College of Agriculture, Yanbian University. The experimental period was 30 days. The study was approved by the Experimental Animal Welfare Ethics Committee of Yanbian University (IACUC) (IACUC Approval No. YD202401015002, approval date: 22 January 2024).




2.1.2 Isolation of circulating exosomes in sheep

The Xinji fine-wool and small-tailed Han sheep used in this experiment were supplied by the College of Agriculture of Yanbian University (Yanji, China). Thirty milliliters of anticoagulated blood was collected aseptically before feeding, and sheep plasma was extracted by gradient centrifugation. The supernatant was centrifuged at 300g at 4°C for 10 min, at 3,000g at 4°C for 10 min, and finally at 10,000g at 4°C for 15 min. The supernatant was mixed with the exosome isolation solution (1:1), allowed to stand for 10 h, and then centrifuged at 12,000g at 4°C for 1 h. Plasma exosomes were obtained by blowing the bottom precipitate of the colloid with ddH2O. Circulating exosomes were obtained by blowing the gelatinous precipitate at the bottom.




2.1.3 Exosome identification

Exosome morphology was observed by transmission electron microscopy (TEM). Ten microliters of sample solution was dropped on a copper grid, incubated at room temperature for 10 min, and washed with sterile evaporated water for 30 s. Then, 10 μL of 2% uranyl acetate was dropped on the copper grid, and the grid was negatively stained for 1 min, dried under a blazing light for 2 min, and observed with TEM.

NTA nanoparticle tracking analyzed the particle size distribution of the samples. The sample cell was washed with 1× phosphate-buffered saline (PBS); samples were taken at 12,000-fold dilution in 1× PBS buffer and readings were recorded at 11 locations and cycled twice at each location. Anomalous locations were optimized by the machine software to compute the mean, median, and diameter of the samples.

Western blotting was used to identify 10 µL of exosome sample solution, and 1 µL of super nuclease and 20 µL of protein supersampling buffer were mixed and boiled at 100°C for 10 min. Proteins were separated on 8%–12% sodium dodecyl sulfate polyacrylamide gels with a Trans-Blot Turbo (Bio-Rad, CA, USA). Membranes were blocked in 5% skimmed milk for 1 h at room temperature and incubated overnight at 4°C with the following primary antibodies: anti-Tsg101 (1:1,000, Abcam, Cambridge, MA, USA) and anti-CD9 (1:1,000, Smart-Life Science, CN).




2.1.4 Animal experimental study design

After 1 week of acclimatization, 21 mice were randomly divided into three groups: control group (NC), model mice injected with exosomes from Xinji fine-wool sheep (XPE), and model mice injected with exosomes from the small-tailed Han sheep group (SPE). The dorsal hair of the mice was shaved with a pet shaver and hair removal was achieved with a depilatory cream, which was applied for 5–10 min after being wiped with lukewarm water to expose the pink skin. The exosomes were used to determine the circulating exosome concentration in sheep using the BCA method. Based on the results of the BCA assay, the exosome concentration was diluted to 10 mg/mL using ddH2O, and 0.2 mL of exosomes were injected subcutaneously into the test area (Figure 1) of each mouse once a day for 7 days. Photographs were taken and recorded on days 5, 10, and 15 after injection. Observations were recorded on day 15 and the whole test period was 23 days. At the end of the experimental period, mice were anesthetized with 2% tribromoethanol by intraperitoneal injection at a dose of 0.01 mL/g. The skin on the backs of animals was collected following anesthesia.




Figure 1 | Flowchart of the test.






2.1.5 Melanin measurement

Mice skin samples were cut and dissolved in 0.1 M of NaOH for 12 h. The absorbance of the solution was determined spectrophotometrically at 500 nm.




2.1.6 Determination of the diameter and number of hair follicles in the skin of model mice

Fifteen days after exosome injection, the skin tissues of the test area on the backs of mice were spread on filter paper, and the filter paper and samples were immersed in 10% neutral buffered formalin (NBF; 4% formaldehyde w/v in phosphate buffer, pH 7.2) for 48 h at room temperature. After fixation, specimens were dehydrated through a graded ethanol series (70%, 80%, 90%, 95%, and 100%) with 1-h immersion at each concentration, prior to paraffin embedding. Tissue sections (5 μm) were prepared and stained with hematoxylin and eosin (H&E) and then mounted with neutral balsam. After section staining, the total number of hair follicles was counted and the diameter of hair follicles was measured by taking cross-sections of the skin in the same horizontal plane, and to ensure unbiased sampling, we first systematically randomly selected three fields of view from a predetermined grid in the sample area. Then, under a ×100 objective lens, we further randomized them by blindly choosing stage coordinates using a random number table.




2.1.7 RT-qPCR

To verify the effect of circulating exosomes on mice skin, qPCR was used to compare the expression levels of Lef1, Wnt10b, Dkk1, and β-catenin, key genes for early hair follicle development; Ptch1 and Shh, key genes for hair follicle flourishing development; and FZD3 and FZD4, key genes for hair fiber diameter. The relative expression trends of miRNAs related to hair follicle development, i.e., miR-31-5p, miR-133b, miR-433-3p, and miR-218, in sheep plasma exosomes and skin versus that of model mice were determined using RT-qPCR. Skin tissues were collected from the dorsal test area, and miRNA and mRNA were extracted according to the instructions of miRcute miRNA Extraction and Isolation Kit (QIAGEN, Beijing, DP501, China); miRNA reverse transcription was performed according to the miRcute Enhanced miRNA cDNA First Strand Synthesis Kit (QIAGEN, Beijing, KR211, China); mRNA reverse transcription was performed according to the instructions of FastKing One-Step Degenomic cDNA First-Strand Synthesis Premix Kit (QIAGEN, Beijing, KR118, China), and qRT-PCR analyses were performed with FastKing One-Step RT-PCR Kit (QIAGEN, Beijing, KR123, China) on the Eco48 Real-Time PCR System using the primer sets listed in Table 1. β-Actin and U6 were used as internal reference genes. To assess changes in miRNA and mRNA expression levels, we used the 2−ΔΔCt method to calculate normalization and fold change data analysis. Hair growth marker genes and miRNA primers were referenced (Table 1).


Table 1 | Primer information.








3 Results



3.1 Identification of sheep serum exosomes

TEM showed a distinct membrane boundary and a large circular concave teacup-shaped structure from 30 nm to approximately 90 nm (Figure 2A); particle size tracking analysis (NTA) showed that the particles were mainly concentrated in the range of 30 nm to 150 nm, with a peak concentration of particles at 90 nm (Figure 2B). Western blotting demonstrated that the samples contained the exosome marker proteins TSG101 and CD9 (Figure 2C).




Figure 2 | Exosome identification. Transmission electron microscopy (A). Nanoparticle tracking analysis (B). Western blotting of TSG101 and CD9 (C).






3.2 Intravenous injection of circulating exosomes promotes hair growth in mice



3.2.1 Evaluation of hair growth function in model mice

Examination of the skin on the backs of mice at different stages of exosome injection showed that melanin pigmentation in the XPE group was lighter than in the NC group on day 5. In contrast, the SPE group showed deeper pigmentation compared to the NC group (Figure 3). Hair growth on the backs of mice was vigorous on days 10 and 15, and there was no significant difference in the visual observation of the mice.




Figure 3 | Hair growth on the backs of model mice.






3.2.2 Diameter and number of hair follicles in mouse skin

Hair follicles in the NC and XPE groups were rounded with resting phase characteristics, while hair follicles in the SPE group grew and extended to the rump with a teardrop shape (Figures 4A, B), which was characteristic of anagen development. Statistically, the diameter of hair follicles in the XPE group was significantly smaller than that in the NC and SPE groups (P < 0.05), and the diameter of hair follicles in the SPE group was significantly larger than that in the NC groups (P < 0.05) (Figure 4C). There was no significant difference in the number of hair follicles between the three groups (P > 0.05) (Figure 4D).




Figure 4 | Longitudinal tissue section of the skin (A). Skin transverse tissue section (B). Quantification of hair follicle diameter (C) and number of hair follicles (D). *P<0.05 and ***P<0.001. ns, not significant (P ≥ 0.05).






3.2.3 Hair fiber diameter and melanin measurement in mice

Measurement of hair fiber fineness showed that hair diameter in the SPE group was significantly greater than that in the NC and XPE groups (P < 0.001) (Figures 5A, C) and hair diameter in the XPE group was significantly lower than that in the NC and SPE groups (P < 0.01) (Figures 5A, C). The concentration of melanin in the hairs of the SPE group was statistically significantly higher than that of the NC and XPE groups (P < 0.001) (Figures 5B, D).




Figure 5 | Hair fiber diameter measurement (A). Hair root observation (B). Quantification of hair fiber diameter (C) and hair melanin content (D), ** indicates (P<0.01) and ***P < 0.001. ns, not significant (P ≥ 0.05).






3.2.4 Mouse skin immunohistochemistry

The results of immunohistochemical tests on mouse skin tissues of the negative and positive control groups showed that the hair follicles within the reticular layer all expressed the hair papilla-associated marker α-SMA, and the SPE group bound more α-SMA (Figure 6).




Figure 6 | Immunohistochemistry of the skin tissue. NC-positive group (A, C). NC-negative control group (B, D). XPE-positive group (E, G). XPE-negative control group (F, H). SPE-positive group (I, K). SPE-negative control group (J, L).






3.2.5 Assessment of hair follicle development markers in mouse skin

Some marker genes play a crucial role in activating the Wnt and Shh/Hedgehog signaling pathways, which promote the proliferation of hair follicle cells (Figure 7A). Both pathways converge on transcriptional regulation, highlighting their critical roles in modulating cell proliferation mechanisms. To further understand the impact of these markers on hair growth, we analyzed their relative expression levels. RT-qPCR was used to compare the relative expression of genes involved in the early development of hair follicles. The expression of Lef1 in the SPE group was significantly higher than that in the NC and XPE groups (P < 0.001), while the expression of Wnt10b in the XPE group was significantly higher than that in the NC and SPE groups (P < 0.05). The expression of Dkk1 in the NC group was significantly higher than that in the XPE and SPE groups, while the expression of β-catenin in the SPE group was significantly higher than that in the NC and XPE groups (P < 0.01) (Figure 7B). Among the genes involved in hair follicle anagen development markers, the expression of Ptch1 in the XPE group was significantly higher than that in the NC and SPE groups (P < 0.01); at the same time, the expression in the NC group was significantly higher than that in the SPE group (P < 0.01). The expression of Shh in the SPE group was significantly lower than that in the NC and XPE groups (P < 0.001), and the expression of FZD3 in the SPE group was significantly higher than that in the NC and XPE groups (P < 0.001). FZD3 expression was significantly higher than that in the NC and XPE groups (P < 0.001). FZD4 expression in the XPE group was significantly higher than that in the NC and SPE groups (P < 0.01) (Figure 7C).




Figure 7 | Schematic diagram of the marker pathways (A). Key genes involved in early hair follicle development (B). Key genes involved in hair follicle anagen stage and hair fiber diameter (C). *P < 0.05, ** indicates (P<0.01) and ***P < 0.001. ns, not significant (P ≥ 0.05).







3.3 RT-qPCR quantification of miRNAs affecting animal hair growth

miRNA quantification showed that the relative expression levels of miR-31-5p, miR-133b, miR-433-3p, and miR-218 in the plasma exosomes of sheep were all higher in the SXW group of small-tailed Han sheep than those in the XFWS group of Xinji fine-wool sheep (P < 0.05) (Figure 8A) and that the relative expression of these genes in the skin tissues of sheep was higher in the SXW group of small-tailed Han sheep than that in the XFWS group of Xinji fine-wool sheep (P < 0.001) (Figure 8B). The relative expression of skin tissues of model mice in the SPE group was higher than in the XPE group, and at the same time, the relative expression of both the SPE group and the XPE group was higher than that of the NC group (P < 0.001) (Figure 8C).




Figure 8 | Relative expression of miRNAs in plasma exosome samples of sheep (A). Relative expression of miRNAs in skin tissues of sheep (B). Relative expression of miRNAs in skin tissues of model mice (C). *P < 0.05, ** indicates (P<0.01) and ***P < 0.001. ns, not significant (P ≥ 0.05).







4 Discussion

The regulatory role of circulating exosomes in organisms has become increasingly clear following in-depth studies. In a study of neuropathic pain in mice treated with cross-species and cross-sex serum, circulating exosomes and the miRNAs they contain had a long-distance regulatory role in organisms (Buchheit et al., 2023). For example, research shows that homologous and heterologous sera are used to culture bone marrow mesenchymal stem cells, which showed different differentiation trends (Fani et al., 2016), and miRNAs released from adipose tissue reach the liver via the bloodstream to regulate gene expression and metabolic control in host tissues (Fatima and Nawaz, 2017). Moreover, research also shows that circulating exosomal miRNAs can be used as biomarkers for the systemic skin disease lupus erythematosus (Li et al., 2020). Emerging evidence, including studies by Ma et al. (2022) and Wang et al. (2023), demonstrates that circulating exosomes regulate hair growth by modulating follicular cell signaling pathways. Specifically, Ma et al. found that exogenous exosomes could diffuse into the hair follicle through their own metabolism and activate the Wnt/β-catenin signaling pathway associated with hair regeneration by injecting fluorescently labeled exosomes into veins (Ma et al., 2022). Jiankui Wang et al. altered hair regeneration by injecting vectorless miRNA mimics into the veins of sheep. miRNA mimics were also injected into the veins of sheep to alter sheep wool fiber fineness (Wang et al., 2023). These results provide more confidence for future trials on sheep.

In the present study, we measured the diameter of mouse hair, determined the number and diameter of hair follicles in mice, and compared the expression of genes related to the influence of hair growth. Sheep circulating exosomes promote mouse hair growth via Lef1 and β-catenin upregulation, thereby activating the canonical Wnt/β-catenin signaling pathway in a manner mechanistically identical to human umbilical cord mesenchymal stem cell exosomes (Jiao et al., 2024). A comparative analysis of Wnt10b and Dkk1 expression levels in Rex rabbit skin during seasonal molt cycles showed that sheep circulating exosomes promote mouse hair growth by modulating hair follicle growth cycles (Liu et al., 2023). Moreover, the Shh Hedgehog signaling pathway modulates mouse hair diameter. Studies have demonstrated that secondary hair follicles of cashmere goats circulating exosomes significantly modulate mouse hair fiber diameter by Shh and Ptch1 expression to activate the Shh/Hedgehog signaling pathway (Zhang et al., 2024). Comparative transcriptome analysis of datasets associated with wool fiber diameter variation in Angora rabbits demonstrates that Xinji fine-wool sheep and small-tailed Han sheep modulate mouse hair fiber diameter via differential regulation of FZD3 and FZD4 expression (Huang et al., 2023). Our results indicate that the hair follicle development markers in mouse skin tissues under the influence of exosomes cause a rapid transition to the anagen phase and influence the diameter of mouse hair fiber by regulating the expression of genes such as FZD3 and FZD4. The results of mouse skin immunohistochemistry are consistent with these tests. We can conclude that miRNAs in circulating exosomes in the plasma of small-tailed Han sheep and Xinji fine-wool sheep affect animal hair growth.

However, there are some limitations to our experiments; for example, when measuring the diameter of hair follicles in mice, it is difficult to distinguish the primary hair follicles from the secondary hair follicles (Chi et al., 2015). All the hair diameters measured in the XPE group were relatively large, but this did not affect the conclusions of the experiment that plasma exosomes from Xinji fine-wool sheep reduce hair in mice. The same issue exists with skin tissue sections, although SPE and XPE did not show different effects. Both the SPE and XPE groups promoted the development of hair follicles compared to the NC group, but upon observation and analysis, it was found that there was a reduction in the diameter of the long protected hair follicles in the dermis in the XPE group compared to the other two groups; this will require further corroboration. We suspected that the erratic therapeutic efficacy in the treatment of pemphigus vulgaris using platelet-rich plasma is largely influenced by the quality of native plasma (Nilfououshzadeh et al., 2021; Laufer britva et al., 2021; Gupta et al., 2021).

As the trial proceeded, we were also able to conclude that miRNAs can be regulated across species by circulating exosomes. At the beginning of the study, we thought that the heterologous model could circumvent the resistance of our own subcortical cells and exosomes to exogenous exosomes. As the experiment progressed, regulation of miRNAs in exosomes for animal hair growth was observed. For example, an assay used by Bilbao-Arribas et al. showed the presence of specific miRNAs in sheep (Bilbao-Arribas et al., 2023). This suggests that species can allow miRNAs to be stabilized in vivo. Friedman et al. demonstrated that miRNAs are not only conserved among species but most mammalian mRNAs are their conserved targets (Friedman et al., 2009). This led us to the possibility of cross-species epigenetic modification of miRNAs. Since it is difficult to screen miRNAs from plasma exosomes that affect fiber diameter in sheep, we found that the hair papilla exosome miR-218-5p in Hu’s study had the same sequence as oar-miR-218 (Hu et al., 2020); miR-133b was found to promote the proliferation and induction of human hair papilla cells (Deng et al., 2021). chi-miR-433 is involved in hair follicle development at different periods in goats, and miR-31-5p promotes the proliferation of hair follicle stem cells (Ma et al., 2022; Feng et al., 2021). Our experiments also showed that these miRNAs are similarly expressed in the blood and skin of sheep as well as under the skin of mice, and we believed that these miRNAs might be involved in the regulation of hair growth. miRNAs, 19–23 nucleotide non-coding RNAs, have emerged as a frontier focus in life sciences due to their cross-species regulatory mechanisms. Increasing evidence demonstrates that animal-derived miRNAs can transcend taxonomic barriers to participate in interspecies gene regulation (Chen and Kim, 2024). Recent studies reveal that miR-218 promotes hair follicle regeneration by targeting conserved non-coding regions of the SFRP2 gene in humans, sheep, and Angora rabbits (Hu et al., 2020). Notably, this miRNA exhibits conserved molecular functions in rabbit hair follicle development (Zhao et al., 2019) and adipose deposition models in pig (Shan et al., 2022), with dual-luciferase reporter assays confirming the evolutionary conservation of its binding sites. Additionally, miR-199a-3p significantly promotes hair growth in both sheep and Rex rabbit models (Wang et al., 2023), while miR-200a regulates coat color in cashmere goats and mice through conserved mechanisms, as demonstrated by consistent target gene expression patterns across species following subcutaneous injection of miR-200a inhibitors (Li, 2021). Collectively, these cross-species investigations provide critical theoretical insights into miRNA-mediated interspecies phenotypic regulatory mechanisms.

Finally, this experiment has strong practical significance for livestock breeding. Research shows that miRNAs derived from cooked pork may function as critical regulators of metabolic disorder in mice (Shen et al., 2023). When bovine tissue was subjected to cooking and a simulation of human digestion, miRNAs were still detected after all the procedures (Pieri et al., 2022). Combined with the results of this experiment, we believe that miRNAs of circulating exosomes are on the border of species and kingdom intercommunication. Based on the results of this experimental study, it is reasonable to believe that when the content of circulating miRNAs is changed because of the environment (Figure 9), diet, species, or other factors, it will alter the expression of miRNAs in plasma exosomes of sheep. miRNAs in circulating exosomes will change hair growth in animals (Fani et al., 2016; Chishti et al., 2021; Quan et al., 2019).




Figure 9 | Unveiling circulating exosomes as the pivotal hub in environment-animal interplay.



Secondly, in a trial study (Kim et al., 2024) involving homogeneity and xenogeneic exosome therapy of canine dermatitis, exosome degradation time in vivo is usually considered to be 7 days (Preuber et al., 2018). However, in this trial, it was found that the expression of miRNAs in model mice was always higher than that of NC after 15 days of exosome injection, which may indicate that exosomes can exist in mice for a long time. This shows us that circulating exosomes in sheep can be used as a hair growth drug or carrier potential. Thirdly, this trial offers the possibility of using large livestock circulating exosomes to treat small pet diseases. This is due to the fact that exosomes are hypoimmune compared to plasma (Wei et al., 2023). There are already trials related to the use of xenoanimal plasma therapy (Meira et al., 2020; Peng et al., 2016), which could be a novel idea for the treatment of pet skin baldness and other pet diseases.




5 Conclusion

Building on the established premise that circulating exosomes influence hair follicle development, this study further confirms that circulating exosomes from Xinji fine-wool sheep and small-tailed Han sheep exert differential regulatory effects on mouse hair growth cycles and fiber fineness. Subsequent analysis revealed consistent differential expression trends of miR-31-5p, miR-133b, miR-433-3p, and miR-218 across circulating exosomes, skin tissues of both sheep breeds, and mouse skin tissues, indicating a close correlation between mouse hair growth variations and miRNA expression levels in the circulating exosomes of these two sheep breeds. In summary, the findings have great potential for increasing the production of sheep wool.
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