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LIU Zhen-min"?, KONG Xiao-yan'?, SHEN Lian-ju"*?, LONG Chun-lan'*’, LIU Xing****", WEI Guang-hui****

1. Chongqing Key Laboratory of Child Urogenital Development and Tissue Engineering, Children’s Hospital of Chongqing
Medical University, Chongqing 400014, China

2. Chongqing Key Laboratory of Pediatrics, Children’s Hospital of Chongqing Medical University, Chongqing 400014, China

3. Key Laboratory of Child Development and Disorders of Ministry of Education, Children’s Hospital of Chongqing Medical
University, Chongqing 400014, China

4. Department of Urology, Children’s Hospital of Chongqing Medical University, Chongqing 400014, China

5. China International Science and Technology Cooperation Base of Child Development and Critical Disorders, Children’s Hospital of
Chongqing Medical University, Chongqing 400014, China

6. National Clinical Research Center for Child Health and Disorders, Children’s Hospital of Chongqing Medical University,
Chongqing 400014, China

[ Abstract ]| Objective To construct v-maf musculoaponeurotic fibrosarcoma oncogene homolog B (Mafb) knockout
mice by clustered regularly interspaced short palindromic repeats (CRISPR) and CRISPR-associated protein 9 (Cas9), and
explore the impact brought by this gene deletion on the urethral development. Methods The FO Mafb knockout C57BL/6J
mice were constructed according to the principle of CRISPR/Cas9 technology. FO mice identified by polymerase chain reaction
and gene sequencing were mated with wild-type C57BL/6J mice to obtain F1 Mafb knockout heterozygous (Mafb™'~) mice.
Mafb knockout homozygous (Mafh ') fetal mice were obtained by mating between Mafb "'~ mice. The penile tissues of male
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Mafb~'"~ fetal mice were collected. The expression of Mafb protein in the penile tissues and the expression of epithelial cadherin

(E-cadherin) and a-smooth muscle actin (a-SMA) in the urethral seam were detected by immunofluorescence. The histological

morphology of the penile tissues was observed by scanning electron microscopy and paraffin section hematoxylin-eosin (H-E)

staining. Results The Mafb''"~ mice were successfully constructed and bred, and male Mafb~ '~ fetal mice were obtained.

Immunofluorescence showed scarce expression of Mafb protein in the penises of the male Mafb '~ fetal mice; compared

with wide type mice, the expression of E-cadherin was downregulated and a-SMA was upregulated in the urethral seam.

Scanning electron microscopy and H-E staining showed that the phenotype of male Mafb~'~ fetal mice was hypospadias.

Conclusion The Mafb knockout mouse model is successfully constructed. The knockout of Mafb can lead to the hypospadias

phenotype and change the expression levels of E-cadherin and a-SMA on the urethral seam. This model lays a foundation for

further study on the role of Mafb in the pathogenesis of hypospadias.

[ Key words ] v-maf musculoaponeurotic fibrosarcoma oncogene homolog B; gene knockout; genotype identification;

hypospadias; animal models
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Fig1 Construction strategy of Mafb knockout mice
The Cas9 protein bound to the target site under the guidance
of gRNA resulting in the deletion of the sequence of exon 1,
and finally obtained Mafb knockout mice. Mafb: V-maf
musculoaponeurotic fibrosarcoma oncogene homolog B; Cas9:
Clustered regularly interspaced short palindromic repeats-
associated protein 9; gRNA: Guide RNA; NHEJ: Non-

homologous end joining.
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Tab 1 Primer sequences for genotype identification

. Primer sequence (5'-3") Product
Genotype Primer name
Forward Reverse length/bp
Mafb-knockout Pl TCCGTCCCACTCGGCTCCAG GGGAGTCCAGGGCTAGGGGC 604
Mafb-wild type P2 TGGCGAGCAACTACCAGCAG TCACGCACCGACATGGACAC 406
SRY-male P3 CTTTTTCCAGGAGGCACAGA GACAGGCTGCCAATAAAAGC 250

Mafb: V-maf musculoaponeurotic fibrosarcoma oncogene homolog B; SRY: Sex determining region Y.
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Fig2 General morphological observation of Mafb knockout mice

A: Adult Mafb™'™ mouse; B: Adult Mafb™'™ mouse (the left one) and wild type mice (the right two); C: Newborn wild type mouse;
D: Newborn Mafb~'~ mouse; E, F: Fetal wild type mouse at GD 18.5 d; G, H: Fetal Mafb~'~ mouse at GD 18.5 d. Mafb: V-maf

musculoaponeurotic fibrosarcoma oncogene homolog B; GD: Gestation day.

22 DMRABEBERZR PLIIYH Mafb Bk
KAEY), P2 5140k Mafb FENEFARI5 1Y), P35l
YIRS S | 4. HRAJE PCR 45 0 i 35 (R 4,
B A= RUINEUNA P2 514914 38 7212 406 bp B 54,
Mafb™ ™ /NG A IR B PL RN P2 5199 14 P2 24
604 bp Fl12 406 bp 5417, Mafb™ /N BE P1
S =12 604 bp 5% (B 3A) 5 HEHE/N

B EE P3 598 14 7= 1 24 250 bp 1) 5%, MM/
BN A (EI3B) .

23 Mafb ARG R A E AL P Mafb & & &
B RETOCRIZE R B, Mafb 8 76
A= RUAG BB 2R A 21 b R e Rl b A0f, 1
e Mafb™ i RUBHZEH AU LTI £k (K 4)
UEW Mafb 3 DR a oI BB R D 7
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Fig3 Results of genotype identification of Mafb knockout mice
A: Genotype identification of Mafb; B: Genotype identification of SRY. M1: DL 2000 marker; M2: DNA marker I ; 1: Genotype
identification of wild type mice, only 406 bp band; 2: Genotype identification of Mafb™'~ mice, both 406 bp and 604 bp bands; 3:

Genotype identification of Mafb~'~ mice, only 604 bp band; 4: Genotype identification of male mice; 5: Genotype identification of

female mice; H,O: Negative control. Mafb: V-maf musculoaponeurotic fibrosarcoma oncogene homolog B; SRY: Sex determining

region Y.
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Mafb EHMHRIE
Fig4 Mafb protein expression in penile tissues of fetal
Mafb~'"~ mice detected by immunofluorescence
Mafb: V-maf musculoaponeurotic fibrosarcoma oncogene

homolog B.
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E-cadherin KB N[ (K 7) , a-SMA ik
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250° um

5 PEHBETFERETUE Map ' BERIAZALRS
Fig5 Morphology of penile tissues of fetal Mafb '~ mice
observed under scanning electron microscopy
A: Fetal wide type mouse; B: Fetal Mafb~~ mouse. The single-
head arrows indicate urethral meatus, and the double-headed
arrow indicates failure of urethral fold fusion in fetal Mafh™ '~
mouse. Mafb: V-maf musculoaponeurotic fibrosarcoma

oncogene homolog B.

Wild type |

Map Can,)

100 um w100 pm A 100 ym

Bl 6 Mafb ' BARBAZARELEYFiRIEFENE
Fig 6 Pathology of serial sections of penile tissues in fetal
Mafb™'~ mice
Hematoxylin-eosin staining. The sections from left to right are
the distal to proximal end of the penis. The arrows indicate
urethral meatus. Mafb: V-maf musculoaponeurotic fibrosarcoma

oncogene homolog B.
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Hoechst 33342 E-cadherin

Merged

Wild type

Mafb ™"

B 7 ®ERHKEN Mafd ' BERAZEARA S
E-cadherin HJ3Ri%
Fig7 E-cadherin expression in penile tissues of fetal
Mafb~'~ mice detected by immunofluorescence
Matb: V-maf musculoaponeurotic fibrosarcoma oncogene

homolog B; E-cadherin: Epithelial cadherin.

Hoechst 33342 a-SMA Merged

Wild type

Mafb™"

8 REWHKN Mafp ' BaRBAZALH
0-SMA HIFRiE
Fig 8 0-SMA expression in penile tissues of fetal Mafb™'"~
mice detected by immunofluorescence
Mafb: V-maf musculoaponeurotic fibrosarcoma oncogene

homolog B; a-SMA: a-smooth muscle actin.
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