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Leptin is a hormone which functions in the regulation of energy homeostasis 
via suppression of appetite. In zebrafish, there are two paralogous genes 
encoding leptin, called lepa and lepb. In a gene expression study, we found that 
the lepb gene, not the lepa gene, was significantly downregulated under the 
state of insulin-resistance in zebrafish larvae, suggesting that the lepb plays a 
role in glucose homeostasis. In the current study, we characterized lepb-
deficient (lepb−/−) adult zebrafish generated via a CRISPR-CAS9 gene editing 
approach by investigating whether the disruption of the lepb gene would 
result in the development of type 2 diabetes mellitus (T2DM) and diabetic 
complications. We observed that lepb−/− adult zebrafish had an increase in 
body weight, length and visceral fat accumulation, compared to age-matched 
control zebrafish. In addition, lepb−/− zebrafish had significantly higher blood 
glucose levels compared to control zebrafish. These data collectively indicate 
that lepb−/− adult zebrafish display the features of T2DM. Furthermore, we 
showed that lepb−/− adult zebrafish had glomerular hypertrophy and 
thickening of the glomerular basement membrane, compared to control 
zebrafish, suggesting that lepb−/− adult zebrafish develop early signs of 
diabetic nephropathy. In conclusion, our results demonstrate that lepb 
regulates glucose homeostasis and adiposity in zebrafish, and suggest that 
lepb−/− mutant zebrafish are a promising model to investigate the role of leptin 
in the development of T2DM and are an attractive model to perform 
mechanistic and therapeutic research in T2DM and its complications. 
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Figure 1. Body weight, length and blood glucose levels in control and lepb-deficient adult zebrafish. (A) 
The body weight of control and lepb−/− female (**p < 0.01) and male (*p < 0.05) adult zebrafish. (B) The 
body length of control and lepb−/− female (*p < 0.05) and male (**p < 0.01) adult zebrafish. (C) Two hours 
postprandial blood glucose levels in control and lepb−/− female and male (*p < 0.05) adult zebrafish. Ctr, 
control zebrafish; lepb−, lepb−/− zebrafish; F, female; M, male. 
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Figure 2. Magnetic resonance anatomical imaging and selective fat imaging in control and lepb-deficient 
female and male adult zebrafish. (A, B, C and D) Successive slices (top to bottom) in the coronal plane 
obtained using T2 weighted RARE pulse sequence at a magnetic field strength of 300MHz (7T). (A′, B′, C′ 
and D′) Successive images (top to bottom) of fat distribution in the coronal plane, acquired with Chemical 
Shift Selective (CHESS) pulse sequence at a magnetic field strength of 300MHz. (A, A′) Control female; (B, 
B′) lepb−/− female; (C, C′) Control male; (D, D′) lepb−/− male adult zebrafish. A substantial visceral fat 
accumulation was seen in lepb−/− adult zebrafish (arrows) as compared to control adult zebrafish (female 
and male). Scale bar: 2.5 mm. (E) Quantification of body fat in control and lepb−/− female (***p < 0.001) 
and male (***p < 0.001) adult zebrafish was measured from CHESS MR images. Ctr, control zebrafish; 
lepb−, lepb−/− zebrafish; F, female; M, male. 
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Figure 3. Lepb-deficient male adult zebrafish develop glomerular hypertrophy. (A and B) Representative 
images of the glomeruli of control (A) and lepb−/− (B) male adult zebrafish; the scale bars represent 50 μm; 
PAS staining. (C) Summary of the surface areas of Bowman’s capsule of control and lepb−/− male adult 
zebrafish (**p < 0.01). (D) Summary of the surface areas of Glomerular tuft of control and lepb−/− male 
adult zebrafish (**p < 0.01). (E) Summary of the surface areas of Bowman’s space of control and lepb−/− 
male adult zebrafish. (F and G) Representative images of the tubules of control (F) and lepb−/− (G) male 
adult zebrafish; the scale bars represent 50 μm; HE staining. Ctr, control zebrafish; lepb−, lepb−/− zebrafish; 
M, male; G, glomeruli; PT, proximal tubule; DT, distal tubule. 
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Figure 4. Transmission electron microscopy pictures of glomeruli and tubules from control and lepb-deficient male 
adult zebrafish. (A and B) Representative images of glomeruli from control (A) and lepb−/− (B) male adult zebrafish; 
magnification 5000×. (C and D) High magnification view of one segment of a glomerular capillary from control (C) and 
lepb−/− (D) male adult zebrafish (the thickness of GBM was marked by black lines); magnification 25,000×. (E and F) 
Representative images of the tubular brash border of the proximal tubule of control (E) and lepb−/− (F) male adult 
zebrafish; magnification 5000×. (G) High magnification of the fibrillar mesangial matrix in lepb−/− male adult zebrafish 
(black arrowheads); magnification 50,000×. (H) Summary of the thickness of GBM in the control and lepb−/− male 
adult zebrafish. The thickness of GBM in lepb−/− male zebrafish is 2.6 times thicker than that in control male zebrafish 
(***p < 0.001). Ctr, control zebrafish; lepb−: lepb−/− zebrafish; M, male; GBM, glomerular basement membrane; P, 
podocytes; EC, endothelial cells; PB, proximal tubular brush border. 
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Supplementary Figure 1. Lepb-deficient zebrafish line (A) The wild type zebrafish (Ctr) is showing a partial 
sequence of the lepb gene. Seven base pairs (TAGAGGG) were deleted in lepb7-/7- zebrafish and eight base 
pairs (TAGAGGGC) were deleted in lepb8-/8- zebrafish. The arrowheads show the start point of the deletion. 
(B) The wild type lepb gene translates into the predicted 19.1 kDa lepb protein in zebrafish. The seven base 
pairs deletion creates a premature stop codon UAG in exon 2, which results in a truncated 16.5 kDa protein. 
And the eight base pairs deletion causes a premature stop codon UAA in exon 2, which results in a 
truncated 13.3 kDa protein. (C) Homozygous F1 carriers were outcrossed once against the wild type 
zebrafish (ABTL) and the offspring (heterozygote lepb+/-) were subsequently incrossed, resulting in the 
used lepb+/+ and lepb-/- siblings. Because of the limitations of the number of adult zebrafish during this 
study, we used adult WT-ABTL (Ctr) and all lepb-/- (lepb7-/7-, lepb8-/8- and lepb7-/8-) for the experiments. 

 

 

  

Supplementary Figure 2. Blood glucose levels in 
lepb+/+ adult zebrafish and age-matched ABTL 
control zebrafish Two hours postprandial blood 
glucose levels in ABTL control and lepb+/+ zebrafish 
(female and male). Ctr: ABTL control zebrafish; 
lepb+: lepb+/+ zebrafish; F: female; M: male. 
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Supplementary Figure 3. Body weight, length, BMI and blood glucose levels in different lepb-/- mutants 

(A) The body weight of control and lepb-/- female (**p < 0.01) and male (*p < 0.05) adult zebrafish. (B) 

The body length of control and lepb-/- female (*p < 0.05) and male (**p < 0.01) adult zebrafish. (C) The 

BMI of control and lepb-/- female and male adult zebrafish. (D) Two hours postprandial blood glucose 

levels in control and lepb-/- female and male (*p < 0.05) adult zebrafish. Different lepb-/- mutants were 

marked in different colors. lepb7-/7- in red, lepb8-/8- in blue and lepb7-/8- in green. Ctr: control zebrafish; 

lepb-: lepb-/- zebrafish; F: female; M: male. 

 

Supplementary Figure 4. Fasting blood glucose 

levels in control and lepb-deficient adult zebrafish 

(*p < 0.05). Ctr: control zebrafish; lepb-: lepb-/- 

zebrafish; F: female; M: male. 



 

 


