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Abstract

HF (hair follicle) is an appendage of the skin. The HF is regarded as an excellent model for

studying stem cell activity because it continuously proceeds through rounds of tissue regeneration. The mechanism

of HF development is very complex. HF morphogenesis involves a temporal series of reciprocal interactions be-

tween the epithelium (epidermis) and its underlying mesenchyme (dermis). Transgenic mice have been used for

studying the molecular mechanism of HF development and regeneration. This paper summarizes the over-expres-

sion or knock-out of key signal molecules from the epidermis and dermis during HF development in mice and prints

the latest signal network that regulated HF development and cycling. It may provide a theoretical basis for an in-

depth understanding of HF development mechanism and hair diseases.
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Fig.1 Hair follicle morphogenesis and development
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Table 1 Key signaling pathways and transcription factors involved in the regulation of hair follicle development (epidermis)

AN FEEn ZHI
Mutation type Phenotype Reference
Activation

K14-Ctnnbl De novo hair follicle induction [9]
Ki14-Eda De novo hair follicle induction [16]
K14-Edar Increase hair follicle density [18]
K14-Shh Wound-induced hair follcile neogenesis [28]
KI14rtTA-Fgf9 Wound-induced hair follcile neogenesis [36]
KS5-Cre;PDPN"” Enhanced anagen growth [39]
K14-Cre;Msx2" Increased hair follicle neogenesis upon wounding [43]
K14-Cre; Wnt7b" Reduction of anagen length and premature catagen onset [7]
K14-Cre;Fz6" Alter hair follicle orientation [21]
Inhibition

K14-Cre;Ctnnb 1" Lack of placode formation, loss hair [8]
Axin2-CreERT2; Ctnnb 1" Aberrant hair follicle growth [10]
K14-Cre;Apc” Aberrant hair follicle growth, short [12]
K14-Lefl Decrease hair follicle density [20]
K14-Cre;Pygo2’” Delay hair follcile neogenesis [13]
Axin2-CreERT2, Wntless" Arrest hair follicle in telogen [10]
K14-Cre; Wntless" Hair follicle prematurely regressed [11]
K14-Dkkl Lack of placode formation [14]
Emx1-Cre;Bmprla” Impaired IRS differentiation, reduced number of hair follicle [25]
K14-Cre Bmprid” or K14-CreERT2;Bmprla” Loss hair [24]
K5-Cre;Smad4"” Loss hair [22]
K14-Cre;Acvrib” Loss hair [26]
K14-Noggin Reduction of telogen length [23]
K14-Cre;Smo”" Complete hair loss [29]
K14-Cre; Ptchl’” Loss hair, epidermal hyperplasia [30]
K14-Glil Postnatal hair loss [31]
K14-Cre;Notchl” or K5-CreERT;:Notch 1" Almost complete hair loss, spontaneous skin tumors [32]
K14-Cre;RBP-J" Impaired matrix cell differentiation to IRS and hair shaft [34]
KS5-Jagged " Hairs were sparse and short [33]
K14-KGF Lack of hair follicle formation [35]
K5-Cre;Fgf18"” Reduction of telogen length [37]
K5rtTA, tetO-Cre; IkBoAN Delay telogen-anagen transition [38]
Krox20-cre;Shp2";Krox20-cre;Gab "~ Hair follicle cannot enter catagen [40]
K14-Cre;Crifl” Aberrant hair follicle morphogenesis [41]
K14-Cre;Sox9” Abnormal hair follicle stem cell and complete hair loss [42]
K14-Cre; TFAM" Impaired hair follicle development [44]
K14-Cre;Lhx2" Accelerate the hair follicle cycle and baldness [45]
K14-Cre;NFATc 1" Reduction of telogen length [46]
K14-Cre; Tbx 1" Increment of telogen length [47]
K14-Cre;Dix3"” Complete hair loss [48]
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Table 2 Key signaling pathways and transcription factors involved in the regulation of hair follicle development (dermis)

I EERA B
Mutation type Phenotype Reference
CD133-CreER";Rosa-rtTA; tetO-Ctnnb1 Increase hair growth in anagen [68]
Dermol-Cre; Prdm 1" Delay hair follicle development and Reduction of anagen length [57]
PrxI-cre;Smo’ Arrest hair follicle development [58]
Prx1-Cre;Kif3a” or Prx1-Cre;Ift88" Arrest hair follicle development [59]
Pdgfra-CreERT: Ctnnb 1" Reduce proliferation of epidermal cells and dermal papillae aggregate  [61]
Wntl-Cre;Pygo2"” Reduces hair density and thickness [62]
Thx18-Cre;Sox2" Shorter hair shaft [64]
Tbx18-Cre;f-catenin’ Shorter hair shaft, decrease hair follicle density [65]
Flash'"";Sox18™!(CFP/CreERII - STATS A/B Delay hair follicle enter anagen [66]
Corin-Cre;f-catenin’ Shorter hair shaft [67]
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