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Abstract: The purpose of this study was to investigate the therapeutic effects of deer blood
polypeptide (ARPBP) in the treatment of androgenic alopecia and to reveal underlying. By using
ARPBP to treat testosterone (TES) -induced C57BL mouse alopecia model, HE staining,
immunohistochemical staining qPCR and Western blot experiments were performed on the skin tissue
of its back. Results showed that it significantly promoted hair regeneration, and the efficacy exhibited

a concentration-dependent manner. Histological analysis showed that the skin thickness, follicle
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density and diameter in TES group were significantly reduced, which was consistent with the
pathological characteristics of androgenic alopecia. After the treatment with ARPBP, the skin
thickness and parameters of hair follicle shape in the low-dose ARPBP treatment group (15 mg-mL ")
recovered nearly to the physiological level, and the hair density and area of hair coverage were better
than those of the high-dose treatment group (75 mg-mlL "), indicating that the low-dose ARPBP
group could reverse the testosterone induced hair follicle miniaturization more effectively.
Immunohistochemical results showed that low-dose (15 mg-mL™') ARPBP significantly up-
regulated the expression of follicle proliferation markers K167 and PCNA, and enhanced the nuclear
localization signal of upstream factor LEF in Wnt/B-catenin pathway. Western blot analysis further
confirmed that low-dose ARPBP significantly reversed the inhibitory effect of androgen on LEF1
protein expression, and inhibited the activation of androgen on BMP4 signaling pathway. This study
revealed the effective dose-dependent effect of ARPBP in the treatment of androgen alopecia. The
mechanism underlying these achieved results could be via promoting the transition of androgen-
induced hair follicles from resting period to growth period by activating LEF1-Wnt/B -catenin
signaling pathway and inhibiting BMP signaling pathway, thus promoting hair regeneration. We

believe our study has laid the foundation for the development of precision medicine strategies based on

natural peptides.
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Table 1 RT-qPCR primer sequences

RNA ¥ B2 2l B2 J5 , R R 5 it R 80K RNA J
% 5k cDNA SR Ja AR 95 2¢ 5t 2 13500 & 56 W1 45
AT qPCR Kz o 2 W AR & : 10 pl. 2XSYBR Green
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L GAPDH E iy N 2 5 I #4710 — fb b 2, 3 A7
SWHE RS, 5P WK 1.

H 5L S5 ST HI(5°—>3") H Y 7 BRI /bp

Target gene Gene number Primer sequence Target fragment size

Wnt10b 22 410 F:GGGTCTCCTGTTCTTGGCTT 131
R:GCTGTCGCTTACTCAGTCCG

LEF1 16 842 F:TGTTTATCCCATCACGGGTGG 189

R:CATGGAAGTGTCGCCTGACAG

[ -catenin 12 387 F:CTCTCCACATCCTTGCTCGG 148
R:GTGGCTCCCTCAGCTTCAAT
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FEEARERY .. RABCARMEHITEACE,
it P A4S 52 562 nm WG AA , 4R 95 B o il 2231 5
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AT M 22 kL AR M 22 IR A
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The displayed image represents typical phenotypes after standardized screening

E1 ARPBPX CS7BL/INREMELAB LR BMEIIRE

Fig. 1 General appearance of ARPBP on back hair regeneration in C57BL mice

2.2 ARPBPY C57BL/NREBEZBFHEIE
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FPU R R R R R AR N B

A H Y R4 2R iR 56 A B AR (E , BB 2%
S E AR B EILT CONYL, A 2 fis , 77
A MEBE A 00 B RO I B AE . Rl 2B i
/R, ARPBP T #iJ5 , TES+15 mg-mL ' ARPBP 41
2 TES-+75 mg-mL ' ARPBP 4 }i7 Jik J5 £ #% TES
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AL /NELUEE FB B DX e R SR VT T U0 R HE e (B /N R 3B B X 8 2 R VI U1 i HE Je (@5 C. I8 2 IS B3 525
AT D, BT YR T B RERCRE ST, *. P<<0.05, **. P<C0.01, *** P<C0.001, **** P<0.000 1, ns. P>0.05,

TEIE

A. HE staining of the cross-sectional section of the skin in the depilated area on the back of mice; B. HE staining of the

longitudinal section of the skin in the depilated area on the back of mice; C. Statistical analysis of hair follicle diameter at the base

of the adipose layer; D. Statistical analysis of the number of hair follicles in cross-sectional sections. *. P<C0. 05, **. P<0.01,
ik P<(0. 0013 **** P<C0.000 1, ns. P=>0.05, the same as below

2 MIEYVIEMMATIENZEZ ARPBP X/NRETR N

Fig.2 The effects of ARPBP on mouse hair follicles were observed from the cross-sectional and longitudinal sections

2.3 ARPBPX C57BL/MNREEH KI67RIA=HIZM

Sy PEA ARPBP Xt C57BL /)y [l 76 4 40 Jifd 448 58 7%
PRI IR AR R FR AT AT T/ BT R R BR 4 2
KI67 S AL et . e 2 Ak € 2 43 Hr s, TES

2 % 4 vh KI67 FH P 40 i A< 5 25 B AR, A &1 3 s
PR M R AT BB T A G 0 il . ARPBP
F i J5 , TES+15 mg-mL ' ARPBP 41 5 TES-+
75mg mL ' ARPBPAEHELK)Z KI67 KikHH TES
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i EVE L E SA, Kok 41 (15 mgemL ™)
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25 RS ARPBP 1] 38 o 4 5 ME 0 K167 4 S 19 i
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20 + 15 mg-mL Z2f] + 75 mg-mL-!

75 N IR Rt s i i N e e 1 (4 R ol 211454 9
A CON TES TES + ISARPBP  TES + 75ARPBP B i ns
St % - N = 1
g lﬁl
B2 84 T
% g
Hg 6] T
e
o ]
c5 "
N
0 T T T
& & & &
& &
%X %X
ENIPNZ
419 Group

AL /N B HB R DX R T AT A KI67 iy 323K 5 B /DN B #8506 DX 38 2 ik 6 48 30 00 K167 1 BH P 5
A. Expression of KI67 in the skin hair follicle in the back hair removal area of mice; B. The positive rate of KI67 in the skin hair

follicle in the back hair removal area of mice
3 NHEVIE M Z ARPBP 33/ R £ F i K167 RiX B0

Fig. 3 Observe the effect of ARPBP on the expression of KI67 in mouse hair follicles from the cross-section

2.4 ARPBPX{ C57BL/MNREEH PCNA RIEE
A !

HARIK TR 5 28 8] 3 A B 3 A B B BE RRAE
759 14 2 02, & k E ARPBP 41 (75 mg-mL™")

PE— M FRATRG I T 2 kS IR T 4 21 B9 PCNA
TR . UM B, TES 4 £ %
PCNA FH M 40 i %% 3 0 35 FRAIG, a1 4 Bir s, 42 1

PCNA £k KFEH TESH LR FH £ 5 ,EW
ARPBP X} 6 4 18 58 7% 1 5 1 325 47 7 50 2 4 ft v 15
HRON , WA 4B, %45 IESE 15 mg-mL ' ARPBP

WEN BT AN PRI S . ARPBP T A BE SR O B R A I PCNA A & 1
W), TES+15mg-mlL ' ARPBPA BEILKZE K DNAZH 5B ERBRF, 005 M R 5 S 00 40 i 5 15
%f*iBIFEE%PCNAF"IZHﬁ{n?m%,ﬂﬂgélA, m#ﬁo
2 + 15 mgmL 2] + 75 mg-mL-!
A 23 N R4 SRR BRI TR M A TR i 22 kAL B
CON TES TES + ISARPBP TES + 75ARPBP ° 15+ ns
X104 T 2
e €
bl T
Z S 59
lalllln
4
0 T L T
& 4
& &
#1151 Group

JIN BT 8 5 B X3 B Jk B JE R A PONA (9323 5 B /N BT 38 1 B IX. 3k B¢ Jk 6 28 8 43 PCNA (1 L 2
A. Expression of PCNA in the skin hair follicle in the back hair removal area of mice; B. The positive rate of PCNA in the skin
hair follicle in the back hair removal area of mice
4 MEYIE N ZE ARPBP X/ R E 5 5 PCNA RIA K720

Fig.4 Observe the effect of ARPBP on the expression of PCNA in mouse hair follicles from the cross-section
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A. Expression of LEF1 in the hair follicle area of the depilated skin on the back of mice; B. The positive rate of LEF1 in the hair
follicle area of the skin in the hair removal area on the back of mice; C. RT-qPCR was used to analyze the transcription of the
LEF1 gene in skin tissue; D. Western blot protein band of LEF 1; E. Western blot detection of LEF1 expression in skin tissue;
F. RT-qPCR was used to analyze the transcription of Wnz10b gene in skin tissue; G. Western blot was used to detect the

expression of BMP4 in skin tissue; H. RT-qPCR was used to analyze the transcription of 8 -catenin gene in skin tissue; 1.

Western blot protein bands of BMP4
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Fig.5 The effects of ARPBP on the LEF1-Wnt/B-catenin signaling pathway and BMP pathway in mice
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