
Overexpression of MYB in the skin induces alopecia and 
epidermal hyperplasia

Yuan Hu1,2,3, Zhongya Song4,5, Jiang Chen4, Carlos Caulin1,2,6,*

1Department of Otolaryngology - Head & Neck Surgery, The University of Arizona, Tucson, AZ 
85724, USA.

2Department of Head and Neck Surgery, The University of Texas MD Anderson Cancer Center, 
Houston, TX 77030, USA.

3Department of Otolaryngology, Union Hospital, Tongji Medical College, Huazhong University of 
Science and Technology, Wuhan, Hubei 430022, China.

4Department of Pathology Stony Brook Medicine, Stony Brook University School of Medicine, NY 
11794, USA.

5Department of Dermatology, Peking University First Hospital, Beijing, China, 100034.

6The University of Arizona Cancer Center, Tucson, AZ 85724, USA

Abstract

The skin homeostasis is controlled by a complex interplay between tightly regulated transcription 

factors and signaling pathways. MYB is a transcription factor expressed in hair follicle progenitor 

cells and found overexpressed in adnexal skin tumors. However, the biological consequences of 

deregulated MYB expression in the skin remain poorly understood. To address this, we generated 

transgenic mice that overexpress MYB in epidermal and follicular keratinocytes. These mice 

exhibited a normal hair coat after birth, but gradually developed alopecia, accompanied by altered 

follicular differentiation, disrupted hair cycle and a marked depletion of hair follicle stem cells. 

Additionally, transgenic mice developed massive epidermal hyperplasia and hyperkeratosis. 

Global expression profiling not only confirmed that the skin of these mice exhibited transcriptomic 
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features of alopecia and epidermal differentiation, but also revealed features of psoriasis and the 

inflammatory response. The latter was further confirmed by the increased T cell infiltration found 

in the skin of transgenic mice. Overall, these results suggest that tight regulation of MYB 

expression in the skin is critical to maintain skin homeostasis.

INTRODUCTION

The skin architecture and function is maintained by a delicate balance between proliferation 

and differentiation (Blanpain and Fuchs, 2009). Imbalances in these processes may result in 

structural and functional alterations in the epidermis and its appendages, leading to skin 

disorders (Lopez-Pajares et al., 2013, Mills et al., 2018).

Over the past years, the molecular pathways that control epidermal and hair follicle 

homeostasis have been extensively dissected (Eckhart et al., 2013, Kobielak et al., 2007, Lim 

and Nusse, 2013, Zhang et al., 2006). Those studies and multiple transcriptomic analyses 

identified genes preferentially expressed in specific cell populations of the epidermis and 

hair follicles, many of which encode for transcription factors that regulate complex gene 

expression programs in the skin (Cheng et al., 2018, Joost et al., 2016, Yang et al., 2017). 

The mRNA expression of the Myb gene, encoding for the MYB transcription factor, was 

also identified in those studies as being enriched in hair progenitors cells in embryonic skin 

(Rhee et al., 2006), and in the stem cell niche (bulge) of the hair follicle in adult mice (Adam 

et al., 2018). Previous studies had also found Myb mRNA expression in the matrix cells of 

anagen hair follicles (Ess et al., 1999). The MYB protein was detected at postnatal day 5 

(P5) immediately under the bulge in the outer root sheath (ORS), an area occupied by transit 

amplifying cells, and in the hair matrix, but it was undetected at later time points (Vesela et 

al., 2014). Overall, the data suggest that tight regulation of MYB expression may be required 

to maintain the hair follicle homeostasis.

MYB overexpression has also been observed in cutaneous adnexal neoplasms, a group of 

benign and malignant tumors that exhibit morphological differentiation towards one or more 

types of the skin adnexal structures, such as the hair follicles, sebaceous and sweat glands, 

suggesting that MYB overexpression may disrupt the skin homeostasis and eventually 

contribute to tumor development (Alsaad et al., 2007, Evangelista and North, 2017, Rajan et 

al., 2016, van der Horst et al., 2015). However, the consequences of deregulated MYB 

expression in the skin have not been studied.

In this study, we generated transgenic mice that overexpress MYB in epidermal and 

follicular keratinocytes, to assess the biological consequences of deregulated MYB 

expression in the skin and to identify genes and pathways that may mediate pathological 

responses to constitutive MYB expression. We found that MYB overexpression induces 

epidermal hyperplasia, alopecia, impaired hair follicle cycle and differentiation, depletion of 

hair follicle stem cells, and psoriasis-like inflammatory responses.
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RESULTS

MYB overexpression in skin keratinocytes promotes hair loss

To determine the biological consequences of deregulated MYB expression in the skin, we 

generated mice that overexpress MYB in skin keratinocytes, using the TetO system. These 

mice were generated by crossing TetO-Myb mice with R26.ZtTA and K5.CrePR1 mice (Li 

et al., 2010, Zhou et al., 2002) to generate trigenic TetO-Myb; R26.ZtTA; K5CrePR1 mice 

(K5-Myb mice hereafter) (Fig. S1a–b). Control mice in this study included bigenic and 

monogenic littermates, as indicated (Table S1).

Elevated MYB protein expression in the skin of K5-Myb mice was confirmed by western 

blotting, using two different antibodies (Fig. 1a). In situ hybridization demonstrated that in 

control mice endogenous Myb mRNA was expressed predominantly in hair matrix 

keratinocytes of anagen hair follicles (P15 and P35) (Figs. 1b and S2a). Myb was also 

expressed at low levels in the ORS of the hair follicle and in basal epidermal keratinocytes at 

P15 (Fig. S2a), but it was undetectable in these areas in anagen hair follicles at P35 (Fig. 

1b). Endogenous Myb mRNA was below detection in telogen hair follicles and adult 

epidermis of control mice (P45), suggesting that the Myb expression in the skin is 

dynamically regulated. In transgenic mice, Myb was robustly expressed throughout the 

proximal hair follicles, the distal ORS and infundibulum, and patches of basal and spinous/

granular layers of the epidermis (Figs. 1b and S2a). The expression pattern of MYB protein, 

as demonstrated by immunohistochemistry, was similar to that of the Myb mRNA, (Figs. 1b 

and S2a).

The K5-Myb mice developed a normal first hair coat (Figs. 1c and S2b, P15 and P24), but 

we noticed that adult mice started to lose their hair by P45 (Figs. 1c and S2b). At P90, K5-

Myb mice had undergone massive hair loss and only small patches of hair remained, and by 

P210 only sporadic hairs were observable (Fig. 1c). These mice were monitored for up to 18 

months and their hair never grew back, indicating that MYB overexpression induced a 

permanent hair loss (Fig. S2b). Control mice (Table S1) had a normal hair coat for the 

duration of the investigation (Figs. 1c and S2b).

MYB overexpression disrupts hair follicle differentiation and hair cycle, and induces 
epidermal hyperplasia

Histologically, the epidermis and postnatal hair follicle morphogenesis (P15) was similar in 

K5-Myb and control mice (Fig. S3a). By P35, the regenerated hair follicles in the first 

anagen appeared atrophic in K5-Myb mice (Fig. 2a). Hair follicles were abnormally curved 

and hair medulla was disorganized, suggesting impaired hair follicle differentiation. These 

changes were progressive and by P90 few or no typical anagen hair follicles were visible 

(Fig. 2a). First and second telogen, as examined at P24 and P45, occurred normally in K5-

Myb mice, but the second anagen began early in these mice. Overall, these findings indicate 

that MYB overexpression in skin keratinocytes disrupts the hair cycle (Figs. 2a and S3b).

By P24, the epidermis of K5-Myb mice became hyperplastic and hyperkeratotic (Fig. 2a). 

The spinous layer was expanded and the stratum corneum thickened. BrdU incorporation 

confirmed the increased proliferation in the epidermis of K5-Myb mice by P24, primarily 
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confined to the basal layers of the epidermis (Figs. 2b–c and S3c). On the other hand, BrdU 

incorporation in hair matrix cells under the line of Auber was comparable in K5-Myb and 

control mice (Figs. 2b and S3d).

Immunofluorescence analysis of epidermal differentiation revealed that the basal layers, 

labeled with keratin 14 (KRT14), suprabasal layers labeled with Keratin 10 (KRT10) and 

granular layers labeled with involucrin (INV), were consistently expanded from P24 (Figs. 3 

and S4). The expression pattern of loricrin (LOR), on the other hand, did not change until 

P90, when expansion of the LOR layers was also observed. These observations suggest an 

increased proliferation and differentiation in the epidermis of K5-Myb mice.

Hair follicle differentiation markers were analyzed by immunofluorescence (Fig. 4a). The 

ORS (KRT14) and companion layer (KRT75) of K5-Myb were relatively normal at both P35 

and P90, except that the companion layer was more curvy in P90 K5-Myb mice. Hair cortex 

was severely disrupted (curvy and irregular) as demonstrated by low and discontinuous 

AE15, AE13, and KRT71 staining. For those hair follicles that contained hair medulla, the 

medulla was discontinuous and exhibited irregular expression of trichohyalin (labeled by 

AE15). The hair shaft cuticle (KRT82) was formed but was also curvy. Overall, the 

differentiation of inner root sheath and hair shaft was impaired in K5-Myb mice, resulting in 

abnormal structures.

Hair follicle stem cell depletion in the skin of mice that overexpress MYB

Abnormal hair follicle differentiation and progressive hair loss prompted us to examine hair 

follicle stem cells with an antibody for KTR15, a marker of hair follicle bulge stem cells 

(Liu et al., 2003). At P45, when most hair follicles were in telogen, KTR15-positive cells 

were significantly reduced in K5-Myb hair follicles (Fig. 4b). Similarly, the hair follicle 

stem cell markers CD34 (Trempus et al., 2003) and NFATc1 (Horsley et al., 2008, Tumbar et 

al., 2004) were also found downregulated in hair follicles of K5-Myb mice (Fig. 4c). These 

findings indicate that MYB overexpression in skin keratinocytes could result in the depletion 

of hair follicle stem cells.

Gene expression profiles induced by MYB overexpression

To gain additional insight into the molecular and phenotypic changes induced by MYB 

overexpression in the skin, we generated RNAseq expression profiles from the skin of K5-

Myb and control mice at 12 months of age, when the K5-Myb skin phenotypes had been 

established and proven to be irreversible. Unsupervised cluster analysis showed distinct 

transcriptomes for the K5-Myb and control samples (Fig. S5a). Differential expression 

analysis identified 1,057 upregulated genes and 1313 downregulated genes in the skin of K5-

Myb mice, with an adjusted p-value <0.01 (Table S2). As expected, Myb was one of the top 

overexpressed genes, accompanied by upregulation of genes involved in late epidermal 

terminal differentiation, such as filaggrin (Flg), loricrin (Lor), late cornified envelope genes 

(Lce1 and Lce3) or hornerin (Hrnr) (Fig. 5a and Table S2).

Interestingly, multiple genes, including transcription factors, that control hair follicle 

differentiation (e.g. Msx2, Bmp2, Bmp4, Foxn1, Efl5, Hoxc13 and Lhx2) were found 

downregulated in the skin of K5-Myb mice (Figs. 5a and Table S2). Quantitative RT-PCR 
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validated these findings (Figs. 5b and S5b). Of those genes, only Msx2, Bmp2, Bmp4 were 

also found downregulated at P15, when MYB was overexpressed (Figs. S2a and S4b), but 

before the onset of the phenotypic changes (Figs. 5b and S5b), suggesting that early changes 

in these transcriptional regulators are more likely to be a primary consequence of MYB 

overexpression, while late changes may be secondary events.

To better understand the significance of these changes in gene expression, we analyzed 

functional enrichment using the ToppGene Suite (Chen et al., 2009). This analysis revealed 

that genes involved in hair cycle were highly downregulated in the skin of K5-Myb, along 

with keratin filament genes, many of which were hair keratins and keratin-associated protein 

genes (Krtap) (Figs. 5c and Table S3), which may underlie the hair differentiation defects 

observed in these mice. Analysis of human disease and phenotypes revealed that 

“hypotrichosis” and “alopecia” were two of the leading terms enriched for these categories, 

consistent with the hair loss observed in K5-Myb mice. Of note, analysis of the 

Coexpression Atlas identified several gene sets for genes overexpressed in embryoid bodies 

compared to stem cells and fibroblasts that were enriched in genes downregulated in the K5-

Myb skin, suggesting the possibility MYB overexpression might impact the stem cell 

function.

“Keratinization” and “keratinocyte differentiation” were the top gene ontology (GO) terms 

enriched in upregulated genes, associated with molecular pathways involved in the 

formation of the cornified envelope (Fig. 5d and Table S4). In addition, we found that the 

“immune” and “inflammatory response” were highly enriched GO terms for upregulated 

genes, accompanied by “cytokine-cytokine receptor interactions” and “signaling by 

interleukins” pathways. Interestingly, “psoriasis” and “eczema” were the top two diseases 

enriched for upregulated genes, with highly significant q-values, suggesting that MYB 

overexpression may upregulate the expression of genes involved in these inflammatory skin 

disorders.

Gene Set Enrichment Analysis (GSEA) revealed that the IL23 pathway was the most 

significantly enriched for upregulated genes, and the BMP pathway was the most significant 

for downregulated genes in the skin of K5-Myb mice (Fig. 5e). Given the detrimental role of 

IL23 in skin inflammatory disorders (Cargill et al., 2007, Lee et al., 2004, Nair et al., 2009, 

Nair et al., 2008), and the regulatory function of BMP signaling in hair differentiation 

(Botchkarev et al., 2001, Guha et al., 2004, Kulessa et al., 2000, Rendl et al., 2008), it is 

speculated that impairment in these pathways in K5-Myb mice might have contributed to the 

skin phenotypes.

Immune infiltration in the skin of K5-Myb mice

To confirm the immune-related GO terms found in the RNAseq analysis we stained the skin 

of K5-Myb and control mice with an antibody for CD3 as a marker for T-cells (Fig. 6a–b). 

We found that T-cell infiltration was much more prominent in the skin of K5-Myb mice than 

in control mice, confirming that overexpression of MYB in the epidermis promotes immune 

cell infiltration. Interestingly, significant T-cell infiltration was found at P15, before gross 

and histological phenotypes were observed (Fig. 6b). In addition, we observed that FOXP3, 

a marker for immunosuppressive regulatory T-cells (Tregs) was also significantly higher in 
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the K5-Myb skin, suggesting that immune cell infiltration, which may promote immunity, is 

accompanied by recruitment of immune suppressive T-cells that may counteract these 

immune protective effects.

DISCUSSION

To understand the biological consequences of deregulated MYB expression in the skin, we 

generated transgenic mice that overexpress MYB in epidermal and follicular keratinocytes. 

We found that these mice developed epidermal hyperplasia and hyperkeratosis, hair loss, 

disrupted hair follicle cycle and differentiation, hair follicle stem cell depletion and 

cutaneous immune cell infiltration. Molecular characterization supported these phenotypes 

and suggested that the skin of MYB-overexpressing mice resembles at the molecular and 

pathological levels the features of those found in inflammatory skin disorders such as 

psoriasis and eczema. The data indicates that timely regulation of MYB expression in 

cutaneous keratinocytes is required to maintain skin homeostasis.

The K5-Myb mice underwent hair loss after they had developed a normal first hair coat. This 

phenotype was accompanied by abnormal hair follicle differentiation and hair follicle stem 

cell depletion. These phenotypes were consistent with the skin gene expression profiles of 

K5-Myb mice, included the strong downregulation of hair follicle keratins such as Krt84 and 

Krt74 (Table S2), multiple hair-specific keratin-associated proteins, structural proteins that 

integrate the mature hair follicle encoded by Krtap genes (Liu et al., 2016), and a number of 

transcription factors involved in hair follicle differentiation such as Hoxc13, Lhx2, Foxn1, or 

Msx2 (Godwin and Capecchi, 1998, Jiang et al., 1999, Millar, 2002, Rhee et al., 2006, 

Tkatchenko et al., 2001) (Table S2).

In addition, downregulation of the BMP pathway was noted in the skin of K5-Myb mice. 

Interestingly, we observed that Bmp2, Bmp4 and Msx2 were downregulated at P15 in K5-

Myb mice, before the hair phenotypes developed, whereas the expression of Hoxc13, Lhx2, 

Foxn1 and Elf5, did not change until after the phenotypes were detected. While future 

studies will be required to precisely identify the genes that are directly regulated by MYB 

that may initiate the molecular cascade leading to the hair follicle defects, our findings 

indicate that Bmp2, Bmp4 and Msx2 suppression occurs early in the process, while 

downregulation of other transcriptional regulators factors may be secondary events. Of note, 

the early entry in anagen, deficient hair differentiation and regeneration observed in K5-Myb 

mice resemble those observed upon Bmp inactivation (Botchkarev et al., 2001, Guha et al., 

2004, Kulessa et al., 2000).

Epidermal hyperplasia and hyperkeratosis observed in K5-Myb mice resembles phenotypes 

that are often associated with early cutaneous tumor development, such as those induced by 

Ras mutations, a primary initiating event in skin carcinogenesis (Greenhalgh et al., 1993). 

Although skin tumors were not observed in K5-Myb mice during the current study, we 

cannot rule out that MYB activity may predispose to tumor development in the presence of 

some of the genetic alterations found in cutaneous malignancies, especially when 

considering that elevated levels of MYB expression and genomic rearrangements involving 
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the MYB gene have been observed in adnexal skin tumors (Evangelista and North, 2017, 

Pardal et al., 2017, Rajan et al., 2016, van der Horst et al., 2015).

MYB overexpression promoted proliferation in the epidermis, but not in hair follicles, while 

altered differentiation was found in both the epidermis and the hair follicles. These 

observations suggest that MYB may control differentiation processes in skin keratinocytes, 

and the epidermal proliferation and hair follicle stem cell depletion might be compensatory 

mechanisms to cope with the impaired differentiation.

The skin of K5-Myb mice was infiltrated with T cells (CD3+) and Tregs (FOXP3+), and 

exhibited gene expression programs that resemble those found in psoriasis, an inflammatory 

skin disorder. Moreover, additional phenotypes observed in K5-Myb mice, including 

hyperplasia, hyperkeratosis and a prominent cornified layer, were consistent with some of 

the main pathological features found in patients with psoriasis (Boehncke and Schon, 2015). 

Of note, the IL23 pathway was the most enriched pathway for genes upregulated in the skin 

of K5-Myb. This is remarkable because IL23 expression was found to be increased in 

psoriatic lesions, and genomic studies have implicated the IL23 signaling pathway in the 

development of psoriasis (Cargill et al., 2007, Lee et al., 2004, Nair et al., 2009, Nair et al., 

2008). Interestingly, FOXP3 infiltration has been previously found to promote hair follicle 

regeneration by augmenting hair follicle stem cells proliferation and differentiation (Ali et 

al., 2017). As some of these mechanisms have been found altered in K5-Myb mice, further 

studies are warranted to determine whether the Treg infiltration contributes to the skin 

phenotypes promoted by MYB overexpression.

In summary, we generated a mouse model that revealed that deregulated MYB expression 

disrupts skin homeostasis, resulting in hair loss and phenotypic changes that resemble those 

found in psoriasis. Therefore, this mouse model may help to better understand the 

mechanisms underlying hair regeneration may also be used as a surrogate experimental 

model to test and refine new therapeutic strategies for psoriasis.

MATERIALS AND METHODS

Mouse models

The K5.CrePR1 and ROSA26-LSL-tTA (R26.ZtTA) mice have been previously described 

(Li et al., 2010, Zhou et al., 2002). The generation of TetO-Myb mice will be described 

elsewhere (manuscript in preparation). These mouse strains were bred to produce the 

experimental cohorts as indicated in Fig. S1 and Table S1. Littermates were used in all 

comparative studies. Mice were genotyped by PCR of genomic DNA purified from mouse 

tails. All animal studies were approved by The University of Texas MD Anderson Cancer 

Center and University of Arizona Institutional Animal Care and Use Committees.

Western Blot Analysis

Total protein was prepared by homogenizing skin samples in RIPA buffer (150 mM NaCl, 

1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, and 50 mM Tris [pH 7.4]) with 

protease inhibitor cocktail (#78442, Thermo Scientific, Waltham, MA). Equal amounts of 

protein were separated in 10% SDS-PAGE gel, transferred to a polyvinylidene difluoride 
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membranes (Immobilon, Millipore, MA), blocked with 5% nonfat milk and incubated with 

primary antibodies (Table S5) overnight at 4°C. After three washes, membranes were 

incubated with secondary antibodies for 1h at room temperature (RT). The proteins were 

visualized using the Pierce™ ECL Western Blotting Substrate kit (Thermo Fisher, Waltham, 

MA).

Tissue processing and histology analyses

Mouse tissues were fixed in 10% neutral-buffered formalin at RT overnight, transferred to 

75% ethanol and embedded in paraffin. Histologic sections (5μm) were stained with 

hematoxylin and eosin (H&E) or processed for immunohistochemistry (IHC), in situ 
hybridization (ISH) or immunofluorescence (IF). Myb iSH was carried out using the 

RNAScope system with specific probes (#510411, Advanced Cell Diagnostic, Newark, CA), 

per manufacturer’s instructions, as previously described (Chen et al., 2015, Wang et al., 

2012). IHC was performed using the Leica Bond RX automated stainer (Leica Biosystems 

Buffalo Grove, IL) in the Tissue Acquisition and Cellular/Molecular Analysis (TACMASR) 

(University of Arizona Cancer Center) using primary antibodies listed on Table S5. Staining 

for CD3 and FOXP3 was scored as the number of positive cells per mm2, as previously 

described (Wang et al., 2017). IF was performed as described previously (Dai et al., 2013). 

Briefly, tissue sections were deparaffinized, rehydrated, and then microwaved in Tris-EDTA-

Tween buffer (10 mM Tris Base, 1 mM EDTA, 0.05% Tween 20, pH 8.0) for 2 min for 

antigen retrieval. Sections were blocked in 10% BSA with 0.3% Triton-X 100 at RT for 

30min, and then incubated with primary antibodies at 4°C overnight. Then AlexaFluor-488 

or AlexaFluor-594 conjugated secondary antibodies (Thermo Fisher) were incubated at RT 

for 2h. Sections were sealed in mounting medium with 4′,6-diamidino-2-phenylindole 

(Vector Laboratories, Burlingame, CA). Microscopic images were captured on a Leica DMI 

microscope equipped with a Leica DCF450 camera (Leica Microsystems) or a Nikon 

Eclipse 80i (Melville, NY) microscope fitted with a Nikon DS-Qi1Mc camera and processed 

with Photoshop CS (Adobe, San Jose, CA).

RNA sequencing

RNA was purified from mouse skin using the RNeasy kit (#74104) from Qiagen (Valencia, 

CA), following manufacturer instructions. RNA sequencing was conducted at the Baylor 

College of Medicine Genomic and RNA Profiling Core. Quality checks were conducted 

using the NanoDrop ND-1000 spectrophotometer and Agilent Bioanalyzer 2100. The 

TruSeq Stranded Total RNA-Seq kit was used to create an Illumina library from 250ng of 

total RNA. The flowcell containing the clustered libraries were loaded on an Illumina HiSeq 

2500 instrument along with the kitted SBS v3 sequencing reagents for a PE 100 bp run. 

After sequencing was complete, the CASAVA software converted the fluorescent dye values 

into sequence files.

Analysis of gene expression

Fastq files were uploaded in Galaxy (https://usegalaxy.org/) (Afgan et al., 2018) to conduct 

quality control with the FastQC tool, sequence alignment with HISAT2 and gene expression 

quantification with featureCounts. Differential gene expression was assessed using the 

DESeq package in Bioconductor (Anders and Huber, 2010). Differentially expressed genes 
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with adjusted p-value <0.01 and log2 fold >1.5 were used for downstream analysis with the 

ToppGene Suite (Chen et al., 2009) and GSEA analysis (Subramanian et al., 2005).

Real-Time quantitative reverse transcription-polymerase chain reaction

RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher) was used to synthesize the first 

strand cDNA from the extracted RNA. The mRNA expression was evaluated using 

SYBRGreen PCR reagents (Thermo Fisher) following the manufacturer’s instructions on a 

SingleOnePlus Applied Biosystems Thermocycler (Thermo Fisher) and specific primers for 

each gene (Table S6). The gene expression levels were normalized to Actin mRNA 

expression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Overexpression of MYB in the skin induces hair loss. (a) Western blot for MYB on skin 

samples from control and K5-Myb mice at P55, using two different antibodies CST (# 

12319S) and Abcam (# ab45150). (b) Myb mRNA expression detected by in situ 

hybridization (top panels) and immunohistochemistry for MYB protein (Prot, bottom 

panels) in the skin of control and K5-Myb mice. Scale bar= 100μm. (c) Gross appearance of 

control and K5-Myb mice at the indicated time points. Images are representative of at least 3 

mice per group and time point.
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Figure 2. 
MYB overexpression induces hyperplasia and hyperkeratosis in the epidermis. (a) H&E 

staining of the skin of control and K5-Myb mice at the indicated time points. Scale bar= 

100μm. (b) Immunohistochemistry analysis for BrdU. Scale bar=100μm. (c) Quantification 

of the BrdU staining for each time point in the epidermis (n=3). *p<0.05, **p<0.005, N.S 

(not significant)
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Figure 3. 
Aberrant expression of epidermal differentiation markers in K5-Myb skin. Double 

immunofluorescence for the basal layer maker KRT14, and KRT10, INV or LOR in control 

and K5-Myb mice, at P24, P45 and P90, as indicated. Images are representative of 3 mice 

per group and time point. Scale bar= 20μm.
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Figure 4. 
Altered hair follicle differentiation and stem cell depletion in K5-Myb skin. (a) Double 

immunofluorescence for the indicated hair follicles markers, in hair follicles from control 

and K5-Myb mice, at P35 and P90, as indicated. Scale bar= 50μm. (b) 

Immunohistochemistry for KRT15 and quantification of the number of KRT15 positive cells 

per hair follicle (HF) at P45 (n=3). Scale bar= 100μm. (c) Double immunofluorescence for 

NFATc1 and CD34 in hair follicles of control and K5-Myb mice at P45, and quantification 

of the number of positive cells for each marker (n=3) *p<0.05, **p<0.005. Scale bar= 20μm.
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Figure 5. 
Gene expression profiles induced by MYB overexpression in the skin. (a) Heatmap of the 

100 most differentially expressed genes between the skin of control and K5-Myb mice. (b) 

Quantitative RT-PCR for the indicated genes in the skin of control and K5-Myb mice at P15 

and P90 (n=3). (c) Enrichment for functional terms in genes downregulated in the skin of 

K5-Myb mice compared to controls. (c) Enrichment for functional terms in genes 

upregulated in the skin of K5-Myb mice compared to controls. (d) GSEA analysis showing 

the top pathways enriched in genes upregulated (left panel) or downregulated (right panel) in 

the skin of K5-Myb mice. *p<0.05, **p<0.005, N.S (not significant).
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Figure 6. 
MYB promotes T-cell infiltration in the skin. (a) Immunohistochemistry for CD3 and 

FOXP3 in control and K5-Myb mice. Scale bar= 100μm. (b) Quantification for each marker 

is shown on the graphs on the right panels (n=3). *p<0.05, **p<0.005, ***p<0.0005.
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