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Role of nuclear factor erythroid derived 2-like 2 in pathogenesis of bladder dysfunction in type 2 diabetic mice
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[ Abstract ] Objective To construct type 2 diabetes mellitus (T2DM) models using wild-type (WT) mice and nuclear
factor erythroid derived 2-like 2 (Nrf2) knockout (Nrf2KO) mice, and to explore the effect and mechanism of Nrf2 gene on
bladder dysfunction in T2DM mice. Methods T2DM mouse model was constructed using male Nrf2KO mice and male WT
mice in the same age, and the mice were randomly divided into Nrf2KO-+T2DM group, Nrf2KO mouse control group (Nrf2KO
group), T2DM modeling group (T2DM group), and WT mouse control group (WT group), with 10 mice in each group. The
physiological signs and 24-h water intake and urine output of mice in each group were analyzed. The bladder tissue samples of
mice were collected for histopathological analysis, and the expression of Nrf2 signaling pathway related proteins was analyzed
by immunohistochemical staining and Western blotting. Results The body weight, bladder mass, blood glucose, glycosylated
hemoglobin, and 24-h water intake and urine output of mice in the T2DM group were significantly higher than those in the WT
group (all P<<0.05), indicating that the T2DM mouse model was successfully established. The expression levels of nuclear Nrf2
and total Nrf2 proteins in the bladder tissues of mice in the T2DM group were significantly lower than those in the WT group
(all P<<0.05). The expression of apoptosis related molecules caspase 3 and oxidative stress-related products such as advanced
glycation end products, malondialdehyde, and reactive oxygen species in bladder tissues of the Nrf2KO-+T2DM group was
significantly higher than that in the WT, Nrf2KO and T2DM groups (all P<<0.05); the expression of antioxidant stress molecules
reduced coenzyme/quinone oxidoreductase 1 and heme oxygenase 1 was significantly lower than that in the WT, Nrf2KO and
T2DM groups (all P<<0.05); the expression of nerve growth factor was significantly lower than that in the WT, Nrf2KO and
T2DM groups (all P<<0.05); however, the expression of the pro-form of nerve growth factor was significantly higher than that in
the WT, Nrf2KO and T2DM groups (all P<<0.05). Conclusion The inhibition of Nrf2 pathway leads to imbalance of oxidative
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stress regulation, bladder-related neuropathies and up-regulated expression of apoptosis pathway related proteins, and it may be

an important mechanism of bladder dysfunction in T2DM mice.

[ Key words | type 2 diabetes mellitus; diabetic bladder dysfunction; oxidative stress; nuclear factor erythroid derived 2-like 2
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Tab 1 Measurement results of physiological indicators of mice in each group

n=10,x*s

Indicator WT Nrf2KO T2DM Nrf2KO+T2DM
Body weight/g 26.75+4.46 24454388 38224585 362945427
Bladder weight/mg 3236291 29.41+4.54 45.11£597° 4121£4.76™
Blood glucose/(mmol=L ") 9.91+0.85 10.51£1.02 2336+1.63"" 2432+1.59™

Glycosylated hemoglobin/% 4.66%0.56 4.9540.61 10.184+0.72"" 12.1240.81°44
24-h water intake/mL 5.2240.52 4.88+0.53 6.294+0.43" 59940417
24-h urine output/mL 2.36+0.24 2.15+0.20 2734024 2.65+0217"

WT group: C57BL/6 mice on a normal diet; Nrf2KO group: Nr/2 knockout mice on a normal diet; T2DM group: T2DM model
of C57BL/6 mice; Nrf2KO+T2DM group: T2DM model of Nrf2 knockout mice. "P<<0.05 vs WT group; “P<<0.05 vs Nrf2KO
group; *P<<0.05 vs T2DM group. WT: Wild type; Nrf2: Nuclear factor erythroid derived 2-like 2; T2DM: Type 2 diabetes mellitus.

o .‘Lly Ag\ .

erythroid derived 2-like 2; T2DM: Type 2 diabetes mellitus.
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K Nrf2KO £, H Nrf2KO+T2DM 41 i T T2DM 44
(P¥<0.05)
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Fig1 Masson staining of bladder tissues of mice in each group
A: WT group (C57BL/6 mice on a normal diet); B: Nrf2KO group (Nrf2 knockout mice on a normal diet); C: T2DM group (T2DM
model of C57BL/6 mice); D: Nrf2KO+T2DM group (T2DM model of Nrf2 knockout mice). WT: Wild type; Nrf2: Nuclear factor
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Fig2 Expression of Nrf2 in bladder tissues of mice in each group

A: Immunohistochemical staining of Nrf2 in mouse bladder tissues; B: Western blotting detection of nuclear Nrf2 expression in

bladder tissues; C: Western blotting detection of total Nrf2 expression in bladder tissues. WT group: C57BL/6 mice on a normal diet;
Nrf2KO group: Nrf2 knockout mice on a normal diet; T2DM group: T2DM model of C57BL/6 mice; Nrf2KO+T2DM group: T2DM
model of Nrf2 knockout mice. "P<<0.05 vs WT group; “P<<0.05 vs Nrf2KO group; *P<<0.05 vs T2DM group. n=>5, x&s. WT: Wild
type; Nrf2: Nuclear factor erythroid derived 2-like 2; T2DM: Type 2 diabetes mellitus.
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Fig3 Expression of caspase 3 and Bax/Bcl-2 in bladder tissues of mice in each group

A: Immunohistochemical staining of caspase 3 in mouse bladder tissues; B: Relative expression of caspase 3 detected by

immunohistochemical staining; C: Western blotting of Bax/Bcl-2 expression in bladder tissues. "P<<0.05 vs WT group; 2P<0.05 vs

Nrf2KO group; #P<0.05 vs T2DM group. n=35, X*s. WT group: C57BL/6 mice on a normal diet; Nrf2KO group: Nrf2 knockout
mice on a normal diet; T2DM group: T2DM model of C57BL/6 mice; Nrf2KO+T2DM group: T2DM model of Nrf2 knockout mice.

caspase 3: Cysteine aspartic acid specific protease 3; Bax: Bcl-2-associated X; Bcl-2: B-cell lymphoma 2; WT: Wild type; Nrf2:
Nuclear factor erythroid derived 2-like 2; T2DM: Type 2 diabetes mellitus.
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Fig4 Expression of oxidative stress and anti-oxidative stress-related molecules in bladder tissue of mice in each group

detected by enzyme-linked immunosorbent assay

WT group: C57BL/6 mice on a normal diet; Nrf2KO group: Nrf2 knockout mice on a normal diet; T2DM group: T2DM model of
C57BL/6 mice; Nrf2KO~+T2DM group: T2DM model of Nrf2 knockout mice. "P<<0.05 vs WT group; “P<<0.05 vs Nrf2KO group;
4P<0.05 vs T2DM group. n=35, x+s. AGE: Advanced glycation end product; MDA: Malondialdehyde; ROS: Reactive oxygen

species; SOD: Superoxide dismutase; GSH: Glutathione; WT: Wild type; Nrf2: Nuclear factor erythroid derived 2-like 2; T2DM: Type

2 diabetes mellitus.
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Fig5 Expression of antioxidant stress molecules

in bladder tissues of mice in each group detected by
Western blotting

WT group: C57BL/6 mice on a normal diet; Nrf2KO group: Nrf2
knockout mice on a normal diet; T2DM group: T2DM model of
C57BL/6 mice; Nrf2KO+T2DM group: T2DM model of Nrf2
knockout mice. NQO1: NAD(P)H:quinone oxidoreductase 1;
HO-1: Heme oxygenase 1; WT: Wild type; Nrf2: Nuclear factor
erythroid derived 2-like 2; T2DM: Type 2 diabetes mellitus.
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Fig 6 Expression of neurotrophic factors in bladder

tissues of mice in each group detected by
Western blotting
WT group: C57BL/6 mice on a normal diet; Nrf2KO group:
Nrf2 knockout mice on a normal diet; T2DM group: T2DM
model of C57BL/6 mice; Nrf2KO-+T2DM group: T2DM
model of Nrf2 knockout mice. NGF: Nerve growth factor;
Pro-NGF: Pro-form of nerve growth factor; WT: Wild type;
Nrf2: Nuclear factor erythroid derived 2-like 2; T2DM: Type 2

diabetes mellitus.
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