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Abstract

Organ regeneration is becoming a promising choice for many patients; however, many

details about the mechanisms underlying organ regeneration remain unknown. As regener-

ative organs, hair follicles offer a good model to study the mechanisms associated with

regenerative medicine. The relevant studies have mainly focused on donor cells, and there

are no systematic studies involving the effect of host factors on hair follicle reconstruction.

Thus, we intend to explore the effect of host cells on hair follicle reconstruction. Epidermal

and dermal cells from red fluorescent protein (RFP) transgenic newborn mice were injected

into green fluorescent protein (GFP) transgenic mice. In addition, we wrapped the mixed

dermal and epidermal cells from GFP transgenic and RFP transgenic mice by the Cell-in-a-

Box kit to form "capsules," so that the cells within would be isolated from host cells. These

capsules were cultured in vitro and transplanted in vivo. Fully developed reconstructed hair

follicles were observed after the injection of mixed cells. These reconstructed follicles mainly

consisted of donor cells, as well as a small number of host cells. The encapsulated cells

gradually aggregated into cell spheres in vitro without apparent differentiation towards hair

follicles. With respect to the transplanted capsules, concentric circle structures were ob-

served, but no hair follicles or hair shafts formed. When the concentric circle structures were

transplanted in vivo, mature hair follicles were observed 30 days later. Host cells were found

in the reconstructed hair follicles. Thus, we conclude that host cells participate in the process

of hair follicle reconstruction, and they play a vital role in the process, especially for the mat-

uration of reconstructed hair follicles. Furthermore, we established a special hair follicle

reconstruction system with the help of capsules: transplant cells were isolated from host,

but other factors from host could exchange with cells inside.
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Introduction

Organ transplantation has become a good choice for people whose organs are lost or damaged

as a result of disease, injury, or aging [1,2]; however, there are still many challenges, in which

inadequate supply of organs and immunologic rejection constitute the main parts [3,4]. With

the recent development of regenerative medicine and tissue engineering, organ regenerative

therapy has become a promising solution to the inadequate supply of organs and immunologic

rejection [5]; however, current technology is not sufficient to allow the reconstructed tissue to

effectively mature and dynamically adjust to the new environment after transplantation [6].

Hair follicles are regenerative mini-organs that periodically and stereotypically regenerate

throughout life, thus hair follicles constitute an important model for organ regeneration [7,8].

Indeed, we can successfully reconstruct mature hair follicles using numerous in vivo animal

models, such as the chamber assay, patch assay, flap assay, and sandwiches [9–13]. Although

these methods have implemented the cross between organs and scattered cells, such methods

are only suitable for detecting the hair-inducing capacity of cells. In-depth knowledge of hair

follicle reconstruction is easier to acquire, which may help better elucidate the mechanisms

underlying regeneration in other organs. In vivo models are inapplicable for analyzing single

factors due to many factors involved, while in vitro experiments can solve the problem effec-

tively. Nevertheless, at present we can only form hair follicle-like structures in vitro, which

need to be adopted in vivo for further maturity [14]. Thus, the microenvironment is not suit-

able for hair follicle reconstruction in vitro at present; however, few reports have explored

whether or not there is a lack of specific humoral or cellular factors that contribute to such

inefficiency. Cells used in in vitro and in vivo hair reconstruction models are the same. In the

current study, we sought to explore whether or not host cells participate in the process of hair

follicle regeneration directly when injected under the panniculus carnosus. With the aid of iso-

lation technology of transplanted cells, we explored the influence of host cell factors on hair

follicle reconstruction in vivo, and determined whether or not completely developed hair folli-

cles can form without the participation of host cells. This research provided some useful expe-

rience and will provide guidance for constructing other organs. The underlying mechanism of

hair follicle reconstruction remains the target of ongoing research.

Materials and methods

Animals

Ten newborn (0 days old) C57BL/6J mice and 18 nude male mice (Balb/c, nu/nu; 4–6 weeks old)

were obtained from the Experimental Animal Centre of Southern Medical University (Guang-

zhou, China). Sixteen newborn (0 days old) red fluorescent protein (RFP) mice were obtained

from Beijing Vitalstar Biotechnology (Beijing, China). Ten newborn (0 days old) and 24 adult (6–

8 weeks old) female green fluorescent protein (GFP) mice were obtained from the Institute of

Animal Models of Nanjing University (Nanjing, China). All animal experiments were performed

under the approval of the Southern Medical University Animal Care and Use Committee.

Preparation of cells for in vivo grafting

Full thicknesses of dorsal skin were derived from newborn RFP mice at natal day 0. The dermis

and epidermis were separated using dispase (Sigma, St. Louis, MO, USA) by incubation at 4˚C

overnight. The piece of skin was rinsed three times with phosphate-buffered saline (PBS,

Gibco, Grand Island, NY, USA), then the skin piece was split into epidermis and dermis with

forceps. Each component was minced. The dermis was digested in 0.2% collagenase (Sigma,

St. Louis, MO, USA) at 37˚C for 1 h. After digestion, an equal volume of Dulbecco’s modified
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Eagle’s medium (DMEM, Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine

serum (FBS, Gibco, Grand Island, NY, USA) was added, and the cell suspension was filtered

sequentially through 100 μm and 40 μm mesh cell strainers. The cell suspension was centri-

fuged at 230 g for 5 min, then the cell pellet was resuspended in DMEM. The epidermis was

digested in 0.25% trypsin-EDTA (Gibco, Grand Island, NY, USA) at 37˚C for 10 min to obtain

freshly isolated epidermal cells, as previously reported [15]. The preparation of cells from GFP

newborn mice is the same as previously described.

Preparation of capsules

Ninety milliters of water was pipetted into a 250 ml beaker, then 10 ml of solution 1from Cell-

in-a-Box kit (Sigma, St. Louis, MO, USA) was added. The pipette was rinsed in the hardening

bath. The mixture was stirred for 10 min. For encapsulation, the speed of the stir bar was reduced

to the lowest practical speed. The cells were washed twice in PBS and counted. Dermal cells

(1.4×106) from GFP newborn mice and epidermal cells (0.7×106) from RFP mice were placed in

a sterile 1.5 ml microcentrifuge tube. The cells were centrifuged at 200g for 5 min and the super-

natant was discarded. One milliliter of solution 1 was added to the cell pellet and the pellet was

resuspended by pipetting up and down until the cells were uniformly dispersed. The formation

of air bubbles was avoided. A red plastic filling needle (G18½, blunt end) was added to a 1 ml

Luer lock syringe and the cell suspension was drawn up. The filling needle was replaced with a

green plastic droplet needle (G34, blunt end), taking especial care to assure that the needle was

screwed firmly in place. Air bubbles were eliminated from the syringe. The needle was held verti-

cally, 2–3 cm above the hardening bath. Droplets were dispensed at a moderate rate of 1–2 drops

per second while maintaining the same drop height. The needle was moved around slightly to

prevent droplets from landing at the same spot in the bath. We continued to make as many cap-

sules as required, but did not dispense droplets after 1 min. After dispensing the last droplet, the

capsules were stirred for 5 min. The stirrer speed was adjusted to ensure that the capsules were

moving continuously in the bath. The stirrer was stopped and the capsules were allowed to settle.

Fifty milliliters of the bath solution were discarded using a serological pipette, then 100 ml of

sterile PBS was dispensed into the beaker. Stirring was restarted to wash the capsules for 10 min.

One hundred milliliters of the bath solution was discarded and 100 ml of fresh sterile PBS was

added into the beaker. The bath solution was washed again for 5 min. The remaining PBS was

discarded, leaving just enough liquid to cover all of the capsules. The bath solution was washed

three times with 30 ml of PBS, then three additional times with 30 ml of cell culture medium. A

rinse cycle was performed by the addition of 30 ml of liquid, which was then removed by pipette.

The preparation of blank capsules was the same as above.

The capsules were picked up with a 25 ml serologic pipette, and placed in culture dishes. An

appropriate volume of cell culture medium was added (a mixture of DMEM containing 10%

FBS and keratinocyte serum-free medium (K-SFM, Sigma, St. Louis, MO, USA) at a ratio of

2:1). Then, the dishes were incubated at 37˚C and 5% CO2 in air. The medium was changed at

regular intervals 2–3 times a week. The capsules were observed regularly. Cell spheres were

removed from some capsules 20 days later, which were cultured in vitro. Some of the cell

spheres were reseeded in culture dishes and the migration of these cells was observed under a

microscope. Other cell spheres were harvested for paraffin sectioning and hematoxylin-eosin

(HE) staining. The remaining capsules were cultured for an additional 10 days.

Transplantation of capsules and cells

GFP and nude mice were cleaned with Betadine and put under anesthesia by intraperitoneal

injection of 10 g/l pentobarbital sodium (0.4 ml/100 g). The capsules that contain dermal cells
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from GFP newborn mice and epidermal cells from RFP newborn mice were then transplanted

subcutaneously into nude mice. The blank capsules were also transplanted as the control

group. Each group contained six mice and each mouse had one site where 10 capsules were

transplanted as a whole. Cell mixtures from RFP mice (dermal cells, 5×106; epidermal cells,

5×106) in a total volume of 100 μl, were injected under the panniculus carnosus of the GFP

mouse skin. Each mouse was injected at six points. In addition, dermal and epidermal cells

were also injected as a control. Each group contained 6 mice as well. After recovery from anes-

thesia, mice were caged individually.

Observation and evaluation of hair follicle reconstruction

Skin color changes at the injected site were monitored every day. Fourteen days later, the mice

were killed by an overdose injection of anesthetic, the skin of the injected site was harvested

and the sample was observed with stereoscopic microscopy. Paraffin sections were prepared

and the histologic sections were stained with HE. Frozen sections and 40,6-diamidino-2-phe-

nylindole (DAPI, Sigma, St. Louis, MO, USA) staining were made. The specific distribution of

the fluorescent cells in the reconstructed hair follicle was observed in the frozen sections. Some

of the graft sites where the capsules were transplanted were harvested 10 d later, and observed

under a stereoscope and upright microscope. Cell spheres were removed, some of which were

harvested for paraffin sections and HE staining, others were transplanted into nude mice. The

hair follicle formation was monitored. Other capsules were retained in vivo and were harvested

and assessed 40 d later.

The above steps were repeated with dermis and epidermis cells from newborn RFP mice.

Capsules were transplanted into GFP mice. Ten days after transplantation, cell spheres inside

the capsules were harvested, then transplanted into GFP mice. Similarly, the hair follicle recon-

struction was observed.

Results

Host cells participated in the hair follicle regeneration process

To certify whether or not the host cells were involved in the hair follicle regeneration process,

we transplanted combined cell mixtures, as well as single cells, into mice to form hair follicles.

Dermal and epidermal cells from RFP mice were injected into GFP mice at a ratio of 2:1, and

blebs were observed. The injected site became gray 4 d later and turned black 8 d later. Four-

teen days later, the injected sites were harvested for detection. Abundant hair follicles were

observed in sites injected with mixed cells (Fig 1A); however, when injected alone, epidermal

and dermal cells failed to form hair follicles (Fig 1B and 1C). The completely developed struc-

ture of hair follicles was observed under the panniculus carnosus, and the panniculus carnosus

was continuous and complete (Fig 1D). Frozen sections of the grafts were prepared and exam-

ined under a fluorescence microscope. The results indicated that newly formed follicles were

mostly composed of red fluorescent cells, as well as a small number of green fluorescent cells

(Fig 1E–1H), conclusively demonstrating that the host cells were involved in the process of

hair follicle regeneration.

Environment created by capsules is suitable for cell growth

To verify the function of the involved host cells in the process of hair follicle reconstruction,

fresh epidermal cells from RFP newborn mice and dermal cells from GFP newborn mice were

encapsulated with the Cell-in-a-Box kit. We generated approximately 100 capsules every time,

each capsule contained 2.1×104 cells. Capsule diameter was 3.13±0.16 mm (mean±standard
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deviation). With the use of capsules, we isolated the injected cell mixtures from the host cells.

We found that cells in the capsules gradually aggregated into small multicellular aggregates in
vitro (Fig 2A and 2B), which are highly motile. Dermal and epidermal cells came from different

fluorescent protein transgenic mice, they were observed under an inverted fluorescence micro-

scope (Fig 2C and 2D). Four days later, multicellular aggregates aggregated into a hybrid

spheroid (Fig 2E). Seven days later, the morphology of hybrid spheroids became stable, spher-

oids were almost uniform in size, the diameter was 281±7.5 um (Fig 2F), but there were no sig-

nificant changes in the subsequent culture (Fig 2G). Twenty days later, cell spheroids were

taken out of some capsules after in vitro cultivation (Fig 2H); no apparent differentiation was

observed through the HE section of hybrid spheroids (Fig 2I). To eliminate this possibility that

the lack of nutrients resulted in the death of encapsulated cells, some cell spheroids were then

reseeded in culture dishes with the medium (DMEM containing 10% FBS and K-SFM [mixed

2:1]). The spheroids then attached to the dishes and the cells migrated from the spheroids (Fig

2J–2L). The remaining capsules were cultured in vitro for another 10 d, but no apparent

change was observed (Fig 2M). With the help of laser confocal microscopy, we discovered that

dermal cells were preferentially located in the center and epidermal cells were sorted to the

surface (Fig 2N–2Q). The spontaneously formed layered structure of hybrid spheroids was

similar to the natural three-dimensional organization of the hair bulb (a shell of keratinocytes

surrounding the center of aggregated dermal papilla cells). The above results showed that the

environment in capsules can support the survival of cells. The epidermal and dermal cells in

the capsules aggregated gradually, which is similar to the state in the three-dimensional envi-

ronment created by the hanging drop culture or the matrigel [16–18]. Nevertheless, the hybrid

spheroid appeared to be the final outcome, and failed to continue the differentiation toward

the structure of the hair follicle.

Fig 1. The hair regeneration of cells from RFP mice when injected into GFP mice. (a) Abundant hair follicles were reconstructed when dermal

and epidermal cells were injected together, but no hair follicles were reconstructed when epidermal cells (b) or dermal cells (c) were injected alone.

(d) Fourteen days after the injection of dermal and epidermal cells: HE sections, arrows indicate the regenerated HFs (green) and the panniculus

carnosus (black). (e, f) Frozen sections of reconstructed hair follicles observed under a fluorescence microscope, red indicates donor cells, green

indicates host cells. (g) DAPI staining of reconstructed hair follicle. (h) Synthesis, arrows indicate the green fluorescent cells (white). Scale bars = 1

mm in a, b, and c; 100 μm in d, e, f, g, and h.

https://doi.org/10.1371/journal.pone.0179279.g001
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The host cells are necessary for the maturation of reconstructed hair

follicles

Whether or not the lack of some growth factors or host cells lead to the failure of cell mixtures

developing into hair follicles in vitro is unknown. To explore the possibility that cells in cap-

sules could reconstruct hair follicles in vivo, we used capsules and the cells taken from the cap-

sules for transplantation. Intact capsules, which contain epidermal and dermal cells, were

transplanted into nude mice. No adverse effects were observed following capsule transplanta-

tion. Such being the case, we mimicked the microenvironment in vivo; transplanted cells could

accept all the nutrition from the host, but were also insulated from host cells. Blank capsules

were transplanted as a control. The wound healed well. Ten days later, some transplanted sites

were harvested (Fig 3A). Transplanted capsules were intact, inside of which the cells formed

spheroids, and similar to in vitro cultures (Fig 3B and 3C). There was nothing in the blank cap-

sules (Fig 3D). HE sections indicated that the cells formed concentric circles, whereas no hair

Fig 2. The cultivation of capsules in vitro. Dermal and epidermal cells were encapsulated in capsules (a). Cells in the capsules gradually aggregated into

small multicellular aggregates (b). Dermal cells (red) and epidermal cells (green) were observed under an inverted fluorescence microscope (c, d). Four days

later, multicellular aggregates merged into hybrid spheroids (e). Seven days later, the morphology of hybrid spheroids became stable (f, g [10 d after

encapsulation]). Twenty days after capsules were cultured in vitro, cell spheroids were taken out of capsules (h). HE sections of cell spheres were made;

neither hair follicles nor concentric circles were observed (i). Cell spheroids attached to the wall when reseeded in culture dishes; cells inside then migrated

from the spheroids (j–l, 0 d, 2 d, and 7 d after reseeding, respectively). The capsules were cultured in vitro for 30 d, no apparent change was observed (m).

Confocal micrographs taken at 7d (n–p). These images showed dermal (green) and epidermal cells (red) in cell spheroids. The z reconstituted image clearly

showed that dermal cells were located in the center and epidermal cells were sorted to the surface (q). Scale bars = 1 mm in a, b, c, d, e, f, g, h, j, l, and m;

200 μm in k; 100 μm in i, n, o, p, and q.

https://doi.org/10.1371/journal.pone.0179279.g002
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follicles or obvious hair shafts were found (Fig 3E). Thus, cells in capsules differentiated

toward hair follicles in vivo. To verify whether or not the immature hair follicle-like structures

could mature, the other transplanted sites were harvested 40 d later, yet there were still concen-

tric circles without any mature follicles. In conclusion, even if supplied with sufficient nutri-

ents from the host, the encapsulated cells could not form mature hair follicles when insulated

from host cells. Other cell spheroids harvested 10 d after in vivo transplantation were trans-

planted into nude mice. As expected, 30 d after transplantation, approximately 70%–80% of

spheroids developed mature hair follicles. We then repeated the above steps with dermal and

epidermal cells from RFP mice, and capsules were transplanted into GFP mice. Ten days later,

cell spheres were harvested and transplanted into GFP mice. Mature hair follicles were also

observed (Fig 4A), approximately 70%–80% of spheroids developed mature hair follicles. New

reconstructed follicles were mostly constituted of red fluorescent cells, as well as a small num-

ber of green fluorescent cells (Fig 4B–4E).

Discussion

Currently, the replacement of dysfunctional or missing organs in a recipient by a healthy and

fully functioning donor organ is an essential treatment, which is widely applicable to various

organs, such as the lung, liver, pancreas, and heart [19,20]. Developing regenerative medicine

holds the promise of tissue and organ regeneration; however, many details about the mecha-

nisms underlying organ development, regeneration, and healing remain unknown. As regen-

erative organs, hair follicles offer a highly informative model to study the mechanisms of

systems biology and regenerative medicine. In this article, we chose to study the hair follicle,

the morphogenesis of which depends on the complex epithelial-mesenchymal interactions, as

a tool to research the mechanism underlying organ regeneration [21,22]. Various studies have

confirmed that hair follicles can be reconstructed by transplanting appropriate cells in vivo [9–

13], but the mechanism behind the process is not fully clear. Nevertheless, at present we cannot

Fig 3. Capsules transplanted in vivo. (a) Capsules were taken out. (b–d) Observed under the microscope, arrows indicate cell spheroids (red). (e) Thirty

days after the capsules were transplanted subcutaneously into nude mice, HE sections, and cells formed concentric circles. Scale bars = 1 mm in b, c, and d;

50 μm in e.

https://doi.org/10.1371/journal.pone.0179279.g003

Fig 4. Hair reconstruction of the cell spheroids inside the capsules 10 d after the transplantation. (a) Cell spheres inside the capsules were acquired

for single transplantation into nude mice. Thirty days after transplantation, mature hair follicles were reconstructed successfully. (b) Red fluorescence of the

reconstructed hair follicle. (c) Green fluorescence figure of the reconstructed hair follicle. (d) DAPI staining of the reconstructed hair follicle. (e) Synthesis,

arrows indicate GFP cells from host mice (red). Scale bars = 50 μm in a; and 100 μm in b, c, d, and e.

https://doi.org/10.1371/journal.pone.0179279.g004
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reconstruct mature hair follicles in vitro, and there is no systematic research on the effect of

host factors on hair follicle reconstruction [23].

It is well-known that the microenvironment plays an important role in cell proliferation,

differentiation, and function maintenance [24]. The microenvironment of the host also exer-

cises a great influence on the reconstruction of hair follicles [25]. The microenvironment

typically consists of the following sections: cells (such as white blood cells, fibroblasts, and

adipocytes), growth factors (such as transforming growth factor, vascular endothelial growth

factor, and fibroblast growth factor), the extracellular matrix (laminin, fibronectin, and proteo-

glycan), and signaling molecules (WNT, bone morphogenetic protein, and Notch) [26–28].

Whether or not the difference in the microenvironment between in vivo and in vitro models

plays an important role in hair follicle regeneration is unknown. Thus, we investigated the

influence of host cells in hair follicle regeneration first.

To certify whether or not the host cells involved in hair follicle regeneration process, dermal

and epidermal cells from RFP mice were injected under the panniculus carnosus of GFP mice.

Abundant hair follicles were observed only when dermal and epidermal cells were injected

together. By utilizing frozen sections, we observed that these reconstructed follicles mostly

consisted of red fluorescent cells, as well as a small number of green fluorescent cells, which

were derived from the host. We thus concluded that the host cells were involved in the process

of hair follicle regeneration in vivo. This experiment was the first use of the spontaneous fluo-

rescence cells in the research about host cells in the hair follicle reconstruction process. The

operation is much more simple and credible, and not only avoids immunohistochemical stain-

ing to trace the transplanted cells, but also avoids the error caused by the use of fluorescent

dyes, eliminating the injury of fluorescent dye on cells [29,30].

The function of these host cells in the process of hair follicle reconstruction remains

unknown. To this end, we are committed to looking for a system which can isolate the host

cells and does not affect the exchange of signaling interflow between the host and transplanted

cells.

The Cell-in-a-Box technology from Austrianova enables one to encapsulate cells in a pro-

tective, semi-permeable, cellulose-based bead. Small pores in the beads allow for the exchange

of the nutrient and waste, but retain the cells within the beads. The beads are durable; capable

of withstanding up to 6 months in an implant. Furthermore, the beads are well-tolerated, so a

host immune response will not be elicited. These characteristics allow the embedded cells to

grow for longer periods than traditional two-dimensional cell culture. This technology has

already been used successfully in novel research and clinical applications [31,32]. Therefore,

we chose the Cell-in-the-Box as the method for unique analyses of the interaction between the

host environments and transplanted cells.

We confirmed that spontaneous flourescence epidermal and dermal cells were encapsulated

in capsules. We also observed the spatial distribution of different cells. With the help of laser

confocal microscopy, we discovered that dermal cells were preferentially located in the center

and epidermal cells were sorted to the surface, which is similar to the results of previous

research [33]. We demonstrated that the environment in capsules is suitable for the survival of

cells. But the in vitro environment in our research cannot support the differentiation of cells

towards hair follicles. When capsules were transplanted in vivo, due to the characteristics of

capsules, cells in capsules were supplied with sufficient nutrients from hosts. Concentric circles

were observed, which indicated that cells in capsules differentiated toward hair follicles. It indi-

cated that body fluid plays an important role in the differentiation of hair follicles. Because the

hair follicle-like structures could not form mature hair follicles when insulated from host cells,

we then took the spheroids out of the capsules 10 d after in vivo transplantation, and trans-

planted the spheroids alone into nude mice. As expected, hair follicles reached maturation. To
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verify whether or not host cells exist in the reconstructed hair follicles under such circum-

stance, we chose dermal and epidermal cells from RFP mice as the donor cells and GFP mice

as the host, then repeated the above steps. In like manner, mature hair follicles formed success-

fully. Furthermore, the new reconstructed follicles mostly constituted of red fluorescent cells

as well as a small number of green fluorescent cells. Eventually, we concluded that host cells

play a vital role in the process of hair follicle reconstruction. With normal microenvironment,

host cells play a vital role in the process of morphogenesis and maturation of hair follicles,

good external signal environment under the premise of normal host cells plays a vital role.

From my prospective, there are two key points may illustrate the significance of the host

cells in the reconstruction of hair follicle. Firstly, the host cells may constitute the necessary

components of tissue, which could not be replaced with cells transplanted. Secondly, the host

cells are major compartments of the microenvironment in vivo. They can contact with the

transplanted cells and supply special signal molecules, promoting organ morphogenesis and

maturation. The interactive relationship between the host cells and transplanted cells exert a

pivotal role in the process of hair follicle reconstruction [34,35].

The hair follicle is an accessible and clinically relevant organ regeneration model. It has

been applied widely for organ regeneration research [8]. This research could provide some

experience about hair follicle reconstruction and some other organs. However, hair follicles

are miniature ectodermal organs, so they could not fully represent mesoblastic and hypoblastic

complex organs, such as liver, lung, muscle, bone and so on. More research need to be done.

Conclusions

In summary, our study is the first to systematically focus on the details underlying the recon-

struction of hair follicles from the aspect of host factors. With the help of spontaneous fluores-

cence cells and the Cell-in-a-Box technology, we confirmed that host cells were involved in the

process of reconstruction of hair follicles. In addition, we further demonstrated that these host

cells are necessary for the maturation of reconstructed hair follicles. Based on the experiments,

we know more details of hair follicle regeneration, which provides a new direction for the

reconstruction of other organs. Yet, more research about the mechanism of hair follicle recon-

struction is needed.
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