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Simple Summary: Hair follicle is a skin accessory organ for mammals to grow wool, and it is also one of the
organs for mammals to regenerate periodically after birth, its character and tissue structure determine the
quality of fur or wool used animals. Our study proved that ages has a significant influence on the fur quality
and hair follicle traits of Rex rabbits, and Wnt10b/{-catenin signaling pathways is involved in the biological
process of periodic hair follicle development in Rex rabbits. Considering the rule of fur growth, the slaughter
age of Rex rabbits should not be earlier than 120 days.

Abstract: In the present study, we aimed to observed hair follicle development and describe Wnt10b/p-catenin
signaling pathways related to hair follicle development in different ages of Rex rabbits. Six Rex rabbits (3 male
and 3 female) of 15, 30, 60, 90, 120 and 150 days of age were selected and skin samples were collected for hair
follicle development and Wnt/p3-catenin signaling pathway genes expresion detection. The results showed that
the the values for body weight, coat length, skin thickness, skin area, and skin weight of Rex rabbits were
increased significantly with age (p <0.05). The total hair follicle density, secondary hair follicle density and the
ratio of the secondary hair follicle density to the primary hair follicle density in 120 days of Rex rabbits was
higher than that in the other ages (p < 0.05), and the major hair follicles were in the growing period at 15 days
and 30 days of age, some of them had already entered the degeneration period at 60 days of age, and most of
them entered the degeneration period at 90 days of age, the presence of quiescent hair follicles and the
enlargement of primary hair follicles were also observed. At 120 and 150 days of age, the back hair follicles
entered the growing period, and the secondary hair follicles had obvious differentiation. Furthermore, the
expression of the Wnt10b, CTNNB1, adenomatosis polyposis protein (APC), Disheveled 2 (DVL2), glycogen synthase
kinase 38 (GSK-3B) , Lymphoid enhancer-binding factor 1 (LEF1), dickkopf-1 (DKK1) and transforming growth factor
beta 1 (TGFB-1) genes in the skin tissue of Rex rabbits at different age was significantly differences (p < 0.05),
and the expression of the Wnt10b, CTNNB1, DVL2, GSK-3p, and TGFp-1 genes at 90 days was higher than that
in the other days, the expression of the LEFI and DKK1 genes at 60 days was higher than that in the other days.
As western blotting indicated, the -catenin protein phosphorylation (P-CTNNB1) levels in the skin tissue of
Rex rabbits shows the trend of first increasing, then decreasing and then increasing, 60 days, 120 days and 150
days significantly higher than 15 days, 30 days or 90 days (p < 0.05). With the increasing of ages, the GSK-3[3
protein phosphorylation (P-GSK-3p3) levels in the skin tissue of Rex rabbits were increasing, and maximum at
120 days of age (p < 0.05). These results show that ages could influence on the fur quality and hair follicle traits
of Rex rabbits, and Wnt10b/[-catenin signaling pathways is involved in the biological process of periodic hair
follicle development in Rex rabbits. Considering the rule of fur growth, the slaughter age of Rex rabbits should
not be earlier than 120 days.

Keywords: age; rabbit; Wnt10b/{3-catenin; fur quality; hair follicle development

1. Introduction
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Hair Follicle is a kind of adjunct organ of skin, which exists in dermis and subcutaneous tissue
[1]. Hair follicles are the base of hair growth and provide hair fixation and protection, and wool
animals providing important textile materials for human beings. The hair follicle of mammal after
birth has the periodic regeneration function, including hair shaft active growth (anagen phase),
apoptosis (catagen phase) and hair follicle relative static (telogen phase) 3 stages [2]. Hair follicles
depend on periodic cycle growth to realize the growth and renewal of hair, and their periodic changes
determine the periodic growth and shedding of hair, and the periodic development of hair follicles
is affected by many factors, regulated by a series of signaling molecules [3-5]. The Wnt/B-catenin
signaling pathway is a group of signal transduction pathways regulated by Wnt protein and (-
catenin gene (CTNNB1), these proteins include Wnt, 3-catenin, frizzled, dishevelled and low density
lipoprotein receptor related protein 5/6 proteins (LRP5/6) [6]. In addition, a complex of glycogen
synthase kinase 3 (GSK-33), adenomatosis polyposis protein (APC), axin and casein kinase 1 also
plays a key regulatory role, the polyprotein complex can phosphorylate (3-catenin residues and
eventually mediate the degradation of (3-catenin ubiquitination. Wnt protein ligands activate the Wnt
signaling pathway by binding to receptors, and the Wnt-frizzled/lipoprotein receptor complex can
induce (-catenin phosphorylation, thereby enabling -catenin and T-cell factor (TCF)/ lymphoid
enhancer factor (LEF) /B-catenin-mediated gene expression to regulate the proliferation and
differentiation of hair follicle cells [7-9]. The canonical Wnt/p-catenin signaling pathway not only
regulates embryonic growth and development, tumorigenesis and formation, but also plays a key
regulatory role in hair follicle development and hair shaft growth [10-12]. Rex rabbits are important
fur rabbits, while the effect of the Wnt/p-catenin signaling pathway on fur rabbits has rarely been
reported, and the mechanism of Wnt/B-catenin signaling pathway influence on hair follicle
development remains unclear. In this study, the gene expression and protein phosphorylation level
of Wnt/p-catenin signaling pathway in the skin of different age from Rex rabbits was studied to
determine the relationship between Wnt/B-catenin and hair follicle development. In addition, an
appropriate slaughter age of Rex rabbits was also determined.

2. Materials and Methods

2.1. Experimental Design

Six Rex rabbits (3 male and 3 female) of 15, 30, 60, 90, 120 and 150 days of age under the same
feed, the same house, the same environment were selected, and the experimental rabbits were
sacrificed via cervical dislocation. The skin samples were collected and stored in a cryopreservation
tube and 4% paraformaldehyde solution respectively. The expression of Wnt/B-catenin signaling
pathway genes was detected by fluorescence after reverse transcription, and changes of -catenin
and GSK-3f phosphorylation level. The fixed samples were made into paraffin sections, stained by
hematoxylin-eosin (HE) staining, the longitudinal samples were used to observe the hair follicle
location period, and the transverse samples were used to count the hair follicle density.

2.2. Determination of Indicators and Methods

2.2.1. Body Weight and Visceral Development

The experimental rabbits were fasted 12 hours prior to slaughter and weighed. Before slaughter,
the animals were stunned by electric shock and then slaughtered by bloodletting, the heart, lung,
liver and kidney were carefully peel and also weighed, then heart index, lung index, liver index and
kidney index were calculated by dividing their weights by the live weight before slaughter.

2.2.2. Fur Quality

The fur quality index in different ages of Rex rabbit detection method as described previously
[13]. The adhesive tissue and fat was removed from fur, and weighed, then cut in the middle of the
abdomen, and the length and width of the skin were measured using a soft ruler. The skin area was
calculated by skin length*skin width. The thickness of the skin was measured using vernier calipers
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and the length of the coat was measured using a straightedge. The hair follicle density was observed
with paraffin section and HE staining. After HE staining, photos were taken under ordinary light
conditions with a microscope (Nikon, ECLIPSE 80i, Japan), and Image-Pro Plus 6.0 analysis software
was used to calculate the hair follicle density (primary hair follicle density, secondary hair follicle
density, and total hair follicle density), and the ratio of the secondary hair follicle density to the
primary hair follicle density was also calculated.

2.2.3. RNA Isolation and Real-Time PCR Analysis

SYBR Green I method was used to detect gene expression in rabbits' skin tissues. Total RNA
extraction and real-time PCR were performed as described previously [14]. RNA quality was
determined by agarose gel electrophoresis and purity was assessed by nucleic acid
spectrophotometer (DENOVIX, DS-11 Spectrophotometer, USA). The ratios of A260/A280 of all
samples were in the range of 1.8-2.0, and 1.0% agarose gel electrophoresis with ethidium bromide
(Sigma-Aldrich, Germany) staining detected good integrity of RNA bands. Sequences of primers in
this experiment are shown in Table 1. Using glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
as the normalized gene, the mRNA relative amount of the gene was calculated by 2 delta-delta CT
method [15].

Table 1. Information on primers.

Product length,
bp
GAPDH  NM_001082253.1 F: TTCCAGTATGATTCCACCCACG 232
R: GGGCTGAGATGATGACCCTTTIT
F:
Wnt10b XM_002711076.4 GGCGAGAATGAGAATCCATAACA 196
A
R:
GITGTGGGTGTCAATGAAGATGG
Fzd4 XM_002708648  F: AAGTGGGTCAGATGGTCCTG 117
R: CCCGATGAAGTGAAACTGGT
CTNNB1 XM_051852655.1 F: TGGATACCTCCCAAGTCCTGTA 207
R:
CCAGACGCTGAACATTAGTAGGA
T
APC XM_008248401 F: GACTCCAGGCITCTGGTTTG 121
R: TAGTGCTCTGGTGGGCTCTT
DVL2 XM_008270807  F: ACTCCACCATGTCCCTCAAC 117
R: CGATGTAGATGCCTCCGTCT
F:
GSK-3p XM_017347066.1 TGAGGTCTATCTTAATCTGGTGCT 183
G
R: TGTGGTTTAATATCCCGATGGC
TCF3 NM_001171390  F: CGGGAGATAGAGCAGGTGAA 127
R: GGTAGTCATCGCCGTAGGAG
LEF1 XM_008267508  F: GCGTCCACACCTGTAACCTT 122
R: CTCTTCCTCAAATCCCTCCA
DDK1 NM_001082737.2 F: ATGGGTATTCCCGCAGAACC 150
R: CCTTGAGGACGGGCTTACAG
TGF-p1 XM_008249704.2 F: CTGCTGTGGCTCCTAGTGTTGA 134
R: AGCCGCAGTTTGGACAGGAT
GAPDH: glyceraldehyde-3-phosphate dehydrogenase; Fzd4: Frizzled 4; CTNNBI: catenin beta 1; APC:
Adenomatosis polyposis protein; DVL2: Disheveled 2; GSK-38: glycogen synthase kinase 3 beta; TCF3:

Gene Accession numberPrimer sequence (5’-3")
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Transcription factor 3; Lefl: Lymphoid enhancer-binding factor 1; DKKI: dickkopf-1; TGF-B1: transforming
growth factor beta 1; F: forward primer; R: reverse primer.

2.2.4. Western Blotting

The methods for total protein extraction and sodium dodecyl sulfate (SDS) - polyacrylamide gel
electrophoresis (PAGE) was performed according to Liu et al. [16]. Total protein was extracted from
skin tissue using a radioimmunoprecipitation lysis buffer (Beyotime, Shanghai, China) and protein
concentration was determined using the BCA Protein Assay Kit (Conwin, Beijing, China). The
extracted protein (50 ng/sample) was dissolved in 40 mL of SDS loading buffer (Solarbio, Beijing,
China) and then electrophoresed on a 12.5% SDS-PAGE gel (Bio-Rad, Richmond, USA) and
transferred to a polyvinylidene fluoride membrane (Millipore, Billerica, USA). Protein molecular
mass standard markers were purchased from Thermo (USA). The membranes were blocked with 5%
skim milk in PBS (Solarbio, China) at 4 °C overnight and incubated with 1:1,000 dilution primary
antibodies (ACTIN, Servicebio, Wuhan, China; P-CTNNB1, BIOSS, Beijing, China; P-GSK-3[
antibody, Servicebio, Wuhan, China). The membranes were then washed with Tris-buffered saline
containing Tween (Solarbio, Beijing, China) and incubated with a 1:3000 dilution of a horseradish
peroxidase (HRP)-conjugated goat anti-rabbit IgG antibody (Servicebio, Wuhan, China) at 37 °C for
1 h. The proteins were visualized using Beyo ECL reagent (Beyotime, Shanghai, China). Band
intensity was quantified using a AIWBwell™ Bioimage Analysis System (Servicebio, Wuhan, China).
The relative content of samples is the ratio of index gray value to internal parameter gray value.

2.3. Data Processing

The SPSS 26.0 statistical software was used for the one-way ANOVA analysis of the data, and
Duncan’s test was used for multiple comparisons. The results are presented as the mean value and
standard error of means (SEM), and p < 0.05 was considered to be a significant difference.

3. Results

3.1. Growth and Development of Internal Organs

The effects of different ages on growth and development of internal organs in Rex rabbits are
shown in Table 2. As indicated, the values for body weight, heart weight, lung weight, liver weight
and kidney weight of Rex rabbits were increased significantly with age (p < 0.05), and the age of 150
days was significantly higher than that of 15 days, 30 days, 60 days or 90 days. However, heart index,
lung index, and kidney index decreased with significantly age (p < 0.05), and the age of 15 days was
higher than that in higher days of age (60 days, 90 days, 120 days or 150 days.). For the liver index, it
increased first and then decreased with the increase of age, and reached the maximum at 60 days of
age (p <0.05).

Table 2. Effects of different ages on growth and development of internal organs in Rex rabbits.

Age (days)

15 30 60 90 120 150
Body weight (g) 340.0f 785.0¢ 1455.04 2073.3 ¢ 2601.7> 317832 169.15 <0.001
Heart weight (g) 1.73¢ 3154 548c¢ 697> 718> 8.62a 0.441 <0.001
Lung weight (g) 3304 728¢ 10.13b 11.58% 10.27%b< 17.20a 0.877 <0.001
Liver weight (g) 11.25¢ 27.43¢< 58.28% 60.30> 66.98> 80.22a 4.174 <0.001
Kidney weight (g) 4.27¢ 8.13d 1143« 13.77bc 1748 18652 0985 <0.001
Heart index (g/kg) 5.212 3.98b 3.79bc  337bc  275¢ 271< (0200 <0.001
Lung index (g/kg) 9.952 9262 6.984ac 565 396¢ 537b 0.609 0.018
Liver index (g/kg) 33.02° 34.53° 41.622 28.12¢ 25.81c 2524c¢ 1129 <0.001
Kidney index
(g/kg)

Items SEM p-value

12.562 10.322> 7.89b 6.64c 6.81c 587¢< 0515 <0.001
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Means with different superscripts in a row are significantly different (p < 0.05), n=6. SEM: standard error of
means.

3.2. Fur Quality

The effects of different ages on the fur quality of Rex rabbits are shown in Table 3. As indicated,
the values for coat length, skin thickness, skin area, and skin weight of Rex rabbits were increased
significantly with age (p <0.05), and the age of 150 days was significantly higher than that of 15 days.
However, there was no significant difference in relative weight of skin of Rex rabbits at different ages
(p > 0.05).

Table 3. Effects of different ages on the fur quality of Rex rabbits.

Age (d
Items ge (days) SEM p-value
15 30 60 90 120 150
Coat length (cm) 1.81> 1.82b 1.88« 186 1872 1952 0.013 0.026
Skin thickness (mm) 4.67° 6.622 6.872 692a 7252 7282 0.174 <0.001
Skin area (cm?) 367.50 £649.67 ¢996.50 41354.75 < 1699.00 * 1937.80 2 169.145 <0.001
Skin weight (g) 55.0f 118.8° 227.64 3229c 435.1b 54542 29.928 <0.001
?,/e;ahve weightofskin 4o 19 1426 1559 1556 1664 1716 0316 0.119
o
Means with different superscripts in a row are significantly different (p < 0.05), n=6. SEM: standard error of
means.

3.3. Hair Follicle Development and Density

The hair follicle development in dorsal skin were observed via paraffin vertical sectioning and
HE staining, and it was found that the major hair follicles were in the growing period at 15 days and
30 days of age, some of them had already entered the degeneration period at 60 days of age, and most
of them entered the degeneration period at 90 days of age, the presence of quiescent hair follicles and
the enlargement of primary hair follicles were also observed. At 120 and 150 days of age, the back
hair follicles entered the growing period, and the secondary hair follicles had obvious differentiation
(Figure 1). Besides, the hair follicle density in dorsal skin were observed via paraffin transverse
sectioning and HE staining is shown in Figure 2. After statistical analysis found that the total hair
follicle density, secondary hair follicle density and the ratio of the secondary hair follicle density to
the primary hair follicle density in 120 days of Rex rabbits was higher than that in the other ages (p <
0.05). However, the primary hair follicle density did not change significantly with the ages (p > 0.05;
Table 4).
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Figure 1. Longitudinal incision of skin and hair follicle tissue of Rex rabbits, (a) skinning in 15 days;
(b) skinning in 30 days; (c) skinning in 60 days; (d) skinning in 90 days; (e) skinning in 120 days; (f)
skinning in 150 days. The major hair follicles were in the growing period at 15 days and 30 days of
age, some of them had already entered the degeneration period at 60 days of age, and most of them
entered the degeneration period at 90 days of age, the presence of quiescent hair follicles and the
enlargement of primary hair follicles were also observed. At 120 and 150 days of age, the back hair
follicles entered the growing period, and the secondary hair follicles had obvious differentiation. Scale
bars =500 pm.
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Figure 2. Cross-cutting of skin and hair follicle tissue of Rex rabbits, (a) skinning in 15 days; (b)
skinning in 30 days; (c) skinning in 60 days; (d) skinning in 90 days; (e) skinning in 120 days; (f)
skinning in 150 days. The total hair follicle density, secondary hair follicle density and the ratio of the
secondary hair follicle density to the primary hair follicle density in 120 days of Rex rabbits was higher
than that in the other ages. Scale bars =500 um.

Table 4. Effects of different ages on the hair follicle density of Rex rabbits.

A )

Items ge (days) SEM P
15 30 60 90 120 150 value

Total hair follicle density 232.84287.8 <308.75334.9 1 > U8 319 4 008,508 <0.001

(count/mma2) a

Primary hair follicle density 12.02 1436 12.17 1358 13.11 14.04 0.291 0.089

(count/mma?)

Secondary hair follicle density ) ¢ 4 73 4 996 5630130577 305.4 b¢8.421 <0.001

(count/mma2) a

Secondary hair follicle/ Primary 19.46 27.42

18474 — =~ 24.5223.85° 21.872<0.667 <0.001

a

hair follicle ratio

Means with different superscripts in a row are significantly different (p < 0.05), n=6. SEM: standard error of
means.

3.4. Gene Expression of Hair Follicle Development

The effects of different ages on the gene expression of hair follicle development in Rex rabbits
are shown in Table 5. The expression of the Wnt10b, CTNNB1, APC, DVL2, GSK-3f, LEF1, DKK1 and
TGF-B1 genes in the skin tissue of Rex rabbits at different age was significantly differences (p < 0.05),
and the expression of the Wnt10b, CTNNB1, DVL2, GSK-3f, and TGF-f1 genes at 90 days was higher
than that in the other days, the expression of the LEF1 and DKK1 genes at 60 days was higher than
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that in the other days. There was no significant difference in Fzd4 and TCF3 gene expression of Rex
rabbits at different ages (p > 0.05).

Table 5. Effects of different ages on the gene expression of hair follicle development in Rex rabbits.

Age (d
Items ge (days) SEM  p-value
15 30 60 90 120 150

Wnt10b 1.00> 243>  2.54°b 424+  1.85° 129  0.273 0.003
Fzd4 1.00 1.12 2.53 1.30 2.06 1.69 0.169 0.052
CTNNB1  1.00® 3.052 1.39° 2.682 059" 0.52» 0220  <0.001
APC 1.00>  1.68> 5382 189> 5462 3662 0376  <0.001
DVIL2 1.00¢  087¢ 139t 210+ 1.74% 145>  0.103 0.001
GSK-3p 1.00> 2612 098" 2212 0.66° 0.82»  0.178 0.001
TCF3 1.00 1.11 1.13 1.64 1.38 1.45 0.089 0.281
LEF1 1.00¢  1.64b 3932 342 327 257ac (311 0.037
DDK1 1.00>  035¢ 1.832 043> 045t 056>  0.112  <0.001

TGF-p1 1.00bc  1.402  1.04 be 2.04 2 1.47 ab 0.53 ¢ 0.115 0.001
Means with different superscripts in a row are significantly different (p < 0.05), n=6. SEM: standard error of
means. Fzd4: Frizzled 4, CTNNBI: catenin beta 1; APC: Adenomatosis polyposis protein; DVL2: Disheveled 2;
GSK-3p: glycogen synthase kinase 3 beta; TCF3: Transcription factor 3; Lefl: Lymphoid enhancer-binding factor
1; DKK1: dickkopf-1; TGF-1: transforming growth factor beta 1.

3.5. Protein Phosphorylation Level

The effects of different ages on the protein phosphorylation levels of hair follicle development
in Rex rabbits are shown in Figure 3. As indicated, the $-catenin protein phosphorylation (P-CTNNB1)
levels in the skin tissue of Rex rabbits shows the trend of first increasing, then decreasing and then
increasing, 60 days, 120 days and 150 days significantly higher than 15 days, 30 days or 90 days (p <
0.05, Figure 3a). With the increasing of ages, the GSK-3(3 protein phosphorylation (P-GSK-3p) levels
in the skin tissue of Rex rabbits were increasing, and maximum at 120 days of age (p < 0.05, Figure
30).

Marker 154  30d  60d 90d 1204 150d
P < 0 007 105KDa-
a 66 KDa-
S P-CTNNB1
38KDa
b 28 KDa
b 20 KDa-
13 KDa-
8 KDa-
C
C C
Al
105 KDa- =
66 KDa- s
S2KDs- - ——— — A CTIN
35KDa. (B R
28KDa- |
20KDa- jue |
15d 30d 60d 90d 120d 150d 13 KDa-

- |
8 KDa-

(d)
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120 20 KDa-
1.00 b 13 KDa- ‘
0.80 8§ KDa-
0.60 C
¢ 105 x0s. [
0.40 66KDa- s
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35KD. My T —
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0.00
15d 30d 60d 90d 120d 150d 13 KDa- {
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Figure 3. Effects of different ages on the protein phosphorylation levels in Rex rabbits. (a) 3-catenin
protein phosphorylation (P-CTNNB1) levels in skin tissue; (b) Blotting strip of P-CTNNBI in skin
tissue; (¢) GSK-3p protein phosphorylation (P-GSK-3p) levels in skin tissue; (d) Blotting strip of P-
GSK-3p in skin tissue; Means with different superscripts are significantly different (p < 0.05), n=6. .

4. Discussion

The rabbit has the characteristics of fast growth in the early stage and slow growth in the late
stage, and the growth rate of Tianfu black rabbit and New Zealand rabbit showed an upward trend
at the age of 30-75 days, and a downward trend at the age of 75 days [17]. Qin et al [18] reported that
the average weight of 15, 30, 45, 60, 75 and 90 days old German white rabbits were 64.3 g, 194.6 g,
373.3 g,495.0 g, 648.4 g and 732.2 g respectively. The growth peak of rabbits was from 30 to 75 days
old, and the growth rate decreased after 90 days. As a local variety, the growth rate of southwest
Minxinan black rabbit is slow, and the best slaughter time is later than that of the commercial rabbit
(the appropriate age is 110-130 days) [19]. Besides, 84 days of age of slaughter age is appropriate for
Laiwu black rabbits according to muscle quality and potential commercial value [20]. In the actual
production, it was determined that the slaughter of medium-sized meat rabbit at the age of 2.5-3
months was economical and the best economic benefit could be obtained. The internal organs are the
basic facilities of animal life and the carrier of animal physiological function. As indicated in this
study (Table 2), the values for body weight, heart weight, lung weight, liver weight and kidney
weight of Rex rabbits were increased with age. However, heart index, lung index, and kidney index
decreased with age. For the liver index, it increased first and then decreased with the increase of age,
and reached the maximum at 60 days of age. Therefore, the growth and development of Rex rabbits
internal organs have nonlinear characteristics.

Rex rabbits is a typical type of rabbit for skin, whose skin has important economic value. The
early stage (30-90 days old) of Rex rabbit is mainly individual growth, after 90 days old fur began to
mature [21]. In this work, the values for coat length, skin thickness, skin area, and skin weight of Rex
rabbits were increased with age. However, the relative weight of skin of Rex rabbits were similar
between different ages (Table 3). Hair follicle is a kind of adjunct organ of skin, which exists in dermis
and subcutaneous tissue. Hair follicles are complex suborgan structures that are formed during
embryonic development by the interaction of neuroectoderm and mesenchyme, and can be divided
into primary and secondary hair follicles, primary follicles develop from a variety of cell taxa and
secondary follicles from primary follicles [22]. Wnt protein is a kind of secretory glycoproteins rich
in cysteine, which can act by paracrine or autocrine, it binds to the frizzled receptor family and the
low-density lipoprotein receptor related protein (LRP) on the cell membrane, stabilizes and
accumulates {3-catenin in the cytoplasm [23]. The mammalian genome encodes 17 Wnt proteins,
including Wnt 3, Wnt 4, Wnt 5a, Wnt 6, Wnt 7a, Wnt 7b, Wnt 10a, Wnt 10b, Wnt 11 and Wnt 16 [24].
Beta-catenin is one of the important molecules in Wnt signaling pathway, which is involved in many
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biological processes such as embryogenesis and ontogeny. When Wnt binds to frizzled and LRP5/6,
the cytosolic protein dishevelled (DVL) is activated, resulting in the phosphorylation of LRP5/6 by
casein kinase 1 alpha and glycogen synthase kinase 3 beta (GSK-3p), the binding of Axin to LRP5/6,
and the accumulation of free 3-catenin in the cytoplasm without phosphorylation. 3-catenin enters
the nucleus, displaces tansducin-like enhancer while binding to the lymphoid enhancer factor/ T-cell
factor, recruits two histone modifiers, cAMP-response element binding protein binding protein (CBP)
and Brahma-related gene-1 (BRG1), as well as coactivators such as B-cell lymphoma 9 (BCL9) and
Pygopus, and activates the expression of target genes [25]. Wnt signaling requires the sequestration
of GSK-33 inside multivesicular endosomes [26]. In this experiment, with the increasing of ages, the
GSK-3f protein phosphorylation (P-GSK-3f3) levels in the skin tissue of Rex rabbits were increasing,
and maximum at 120 days of age (Figure 3c), which suggests that GSK-3[3 as an important member
of Wnt/p-catenin pathway signaling participates in the biological process of Rex rabbit hair follicle
development. Dickkopf-associated protein 1 (DKK1) is an important antagonist of the Wnt signaling
pathway. Transgenic mice overexpressing the Wnt extracellular inhibitor DKK1 block the Wnt/[3-
catenin signaling pathway, thereby affecting hair follicle initiation and development and even
ultimately leading to deletion of hair follicles in postnatal mice [27]. During embryogenesis,
conditional knockout of the (3-catenin gene in the epidermis results in a blocked formation of the hair
substrate, thereby blocking hair follicle morphogenesis [28]. DKK1 can inhibit the Wnt signaling
pathway by inhibiting (-catenin activity, leading to hair follicle degeneration [29]. The hair follicle
development of Rex rabbit mainly concentrated in 20-26 gestational age, the most active development
was at 23-24 gestational age, and the basic development was formed at 25-26 gestational age [30].
Activation of the Wnt/p-catenin signaling pathway is a critical initial step in hair basal plate formation
during hair follicle development in the embryonic period [31,32]. After birth, the hair of Rex rabbits
has a certain growth period, growing to the end of maturity because of undifferentiated cells at the
bottom of the hair follicle gradually slow differentiation, and finally stop growing; This process of
growth, decay and repose of rabbit hair and its replacement by new hair is called reflexing [33]. The
basis of Rex rabbit hair replacement is the growth period, the decline period and the resting period
of hair follicle development. According to the morphological characteristics of hair follicle, the hair
follicle cycle can be divided into anagen, catagen and telogen. The growth process of hair follicles
goes through growing period, declining period and resting period, hair follicles undergo a cycle of
growth, decline, and rest before re-entering the growth cycle, a process known as hair follicle periodic
regeneration [34]. In this study, we found that there are periodic changes in the development of Rex
rabbits hair follicles, the major hair follicles were in the growing period at 15 days and 30 days of age,
some of them had already entered the degeneration period at 60 days of age, and most of them
entered the degeneration period at 90 days of age, the presence of quiescent hair follicles and the
enlargement of primary hair follicles were also observed. At 120 days and 150 days of age, the back
hair follicles entered the growing period, and the secondary hair follicles had obvious differentiation
(Figure 1). The hair follicle density in 120 days of Rex rabbits was higher (Table 4; Figure 2), this is
consistent with previous reports.

Lei et al [35] results demonstrated that overexpression of mouse whisker Wnt10b protein can
activate the canonical Wnt signaling pathway, promoting the proliferation of hair stromal cells,
thereby inducing hair follicles to enter the growth phase; Adenovirus-mediated overexpression of
Wntl0b protein induces hair follicles to grow from quiescent phase. In contrast, siRNA-mediated
knockout of the Wnt10b gene can prevent hair follicles from entering the growth phase [36]. Wnt10b-
mediated aberrant activation of the Wnt pathway increases the number of CD34 + hair follicle stem
cells in a proliferative state, resulting in enlargement of the hair bulb, hair shaft, and dermal papilla
[37]. Beta-catenin is transiently expressed in the epidermis of adult mice, and the normal hair follicle
cycle is interrupted to enter the growth phase and to form new hair follicles de novo [38] , these
results suggest that p-catenin-dependent Wnt pathway is sufficient to induce the proliferation of hair
follicle stem cells and subsequent growth of new hair follicles. High expression of (3-catenin induces
hair follicle stem cells to differentiate into hair follicle-forming cells, and when [-catenin is low
expression or absent, hair follicle stem cells no longer participate in hair self-renewal, instead, they
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differentiate in the direction of epithelial keratinocytes [39]. Dasgupta et al [40], upon the occurrence
of the above phenomena, re-overexpressed [3-catenin, a process that reverses, that is, cells that would
otherwise have differentiated in the epithelial direction differentiate in the direction of forming hair
follicle structures, allowing hair growth to continue. In addition, studies have shown that increasing
the content of stable [3-catenin can induce the formation of new hair follicles in adult epidermis [41].
When Wnt signaling pathway is activated, {-catenin dephosphorylates and stably exists, which
makes cytosolic 3-catenin enter nucleus, initiates expression of downstream genes, and regulates hair
follicle periodic growth. However, when local epidermal activity of 3-catenin is overexpressed, hair
follicles are periodically dysregulated, which can lead to suppression of folliculogenesis [42-45]. In
this study, the (3-catenin protein phosphorylation (P-CTNNB1) levels in the skin tissue of Rex rabbits
shows the trend of first increasing, then decreasing and then increasing, 60 days, 120 days and 150
days higher than 15 days, 30 days or 90 days (Figure 3a), which suggests that the P-CTNNB1 levels
in the skin tissue of Rex rabbits related to the biological process of hair follicle development. Besides,
transforming growth factor-f3 (TGF-B) can regulate the quiescence or activation state of hair follicle
stem cells, and hair follicles can advance into the growth phase by injection of TGF-2 recombinant
protein [46]. Dermal papilla cells can secrete TGF-(32 after knockout of the TGF-{ receptor in hair
follicle stem cells, inability to receive TGF-2 signaling, which activates hair follicle stem cells to
transition from resting to growth phase [47]. Further, their existence of a growth/rest switching
mechanism in the hair follicle that is based on an Eng-dependent feedback cross-talk between Wnt/[3-
catenin and Bmp/Smad signals [48]. The expression of the Wnt10b, CTNNB1, APC, DVL2, GSK-38,
LEF1, DKK1 and TGF-B1 genes in the skin tissue of Rex rabbits at different age was differences, and
the expression of the Wnt10b, CTNNB1, DVL2, GSK-3f, and TGF-f1 genes at 90 days was higher than
that in the other days (Table 5). Therefore, Wnt10b/p3-catenin signaling pathways is involved in the
biological process of periodic hair follicle development in different ages of Rex rabbits.

5. Conclusions

There are periodic changes in the development of Rex rabbit hair follicles, the major hair follicles
were in the growing period at 15 days and 30 days of age, some of them had already entered the
degeneration period at 60 days of age, and most of them entered the degeneration period at 90 days
of age, the presence of quiescent hair follicles and the enlargement of primary hair follicles were also
observed. At 120 days and 150 days of age, the back hair follicles entered the growing period, and
the secondary hair follicles had obvious differentiation. The hair follicle density in 120 days of Rex
rabbits was higher, and Wnt10b/B-catenin signaling pathways is involved in the biological process of
periodic hair follicle development in different ages of Rex rabbits. Considering the rule of fur growth,
the slaughter age of Rex rabbit should not be earlier than 120 days.
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