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CHANGES IN AQUAPORIN 4 GENE EXPRESSION IN THE KIDNEYS
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Background : Down-regulation of aquaporin (AQP) water channels of the convoluted
tubules and the collecting ducts causes polyuria after urinary tract obstruction. Both AQP2 in
the apical membrane and AQP3 in the basolateral membrane in animal models of urinary tract
obstruction have been reported. However, detailed examination of AQP4, the main water
channel of the basolateral membrane, has not been performed.

Methods : Kidneys were removed 3, 6, 12, and 24 hours after ligation of the ureter or after
sham operation (control) in male Wistar rats. Expression of the AQ4 gene and protein was
examined with the reverse transcriptase-polymerase chain reaction (RT-PCR), competitive
RT-PCR, and Western blot analysis. Differences in AQP4 gene expression were examined in
the renal cortex, outer medulla, and inner medulla.

Results : After 24 hours of urinary tract obstruction AQP4 gene expression was decreased
by 67% relative to controls. AQPI1, AQP2, and AQP3 were also significantly decreased in rats
after urinary tract obstruction. Furthermore, AQP4 protein expression was decreased by 509
after 24 hours of urinary tract obstruction. Gene expression was decreased more in the inner
medulla than in other areas.

Conclusion : These results suggest that down-regulation of AQP4 and other AQPs is an
important cause of polyuria after relief of urinary tract obstruction.

(Tokyo Jikeikai Medical Journal 2006 ; 121 : 27-35)
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Table 1. RT-PCR primer of each AQPs

AQP1 sense primer

GCCAGCGAGTTCAAGAAGAAGC +4~+25

AQP1 anti-sense primer GCCCTGGAGTTGATATCATCA +774~+794
AQP2 sense primer GGGAACTCAGATCCATAGCC +5~+24
AQP2 anti-sense primer CCCAGTGATCATCAAACTTGCC +586~+607
AQP3 sense primer CCGGCTGCTTCGCCAGGCTC +18~-+37
AQP3 anti-sense primer CGAGGTCCAAAGTCACGAGC +610~+631
AQP4 sense primer GTGGCTTTCAAAGGCGTCTG +4~+23
AQP4 anti-sense primer GTAAAGTGCACCTGCCAGCA +659~+4678




30 S N E S

Table 2. Biochemical markers of UTO animals at the time after obstruction

Oh control 6h 12h 24h
Serum  Blood urea nitrogen (mg/dl)  19.6+0.4 23.6+0.7 29.2+2.1* 224464
Creatinine (mg/dl) 0.224+0.06  0.33+0.05 0.35+0.03* 0.31%+0.06
Na (mmol/1) 143+1.2 137£2.0 139£0.9 142+15
K (mmol/1) 45+0.1 5.6+0.2 4.740.3 4.6+0.2
Osmolality (mOsm/kg H,0) 309+2.2 283.5%15 294+10.5  318%6.0
Urine  Creatinine (mg/dl) 30.0+2.2 444431  30.8+4.6 40.0+2.6
Na (mmol/1) 83.7+5.4 85+1.0 117+1.8 273+25.0
Osmolality (mOsm/kg H,O) 891+59 891+11 764+72 590+61

A top line of the table indicates time progress after the obstruction.
*Indicates statistical significance (p <0.05) comparing to the values at Oh control.

Table 3. Changes in kidney wet weight (g/kg BW)

Oh control 3h 6h 12h 24h
sham - - - - 5.6840.08
UTO 5.74%0.12 7.28+0.10**  6.77£0.25** 6.4340.32 6.384+0.29

A top line of the table indicates time progress after the obstruction. The
values were corrected by body weight individually (mean+S.E., #=6).
**Indicates statistical significance (»<0.01) comparing to the values of Oh

control kidneys.
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Fig.1. RT-PCR amplification of AQPI1, 2, 3 and 4 in urinary tract obstruction (UTO) animals.
Quantified amounts of PCR products corrected by B-actin gene expression were depicted (mean+S.E.,,
n=6) with representative PCR bands. (A) AQP1, (B) AQP2, (C) AQP3, (D) AQP4. *p»<0.05

versus Oh control.
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by three independent experiments (mean+S.E. n=3).
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Results of competitive RT-PCR analysis of AQP3 and AQP4 expression at 0Oh control, 12h and 24h
Copy number of target gene in 1 g of total RNA was quantified and averaged
Arrows show the intersection of AQP3 or

AQP4 gene expression (open circles) and competitor expression (closed circles), indicating calculated

copy number of AQP3 or AQP4 genes in total RNA.

*p <0.05 versus Oh control.
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Fig. 3. Immunoblot analysis of AQP4 protein in UTO kidneys. Representative blots were demonstrated
in the upper panel (A). Averaged density of the blots was depicted in the lower panel (B, mean+S.
E., n=4). *p<0.05 versus Oh control.
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Fig. 4. AQP4 gene expression in dissected part of the kidney. (A) A series of representative AQP4
expression in cortex, outer medulla and inner medulla was analyzed in Oh control and 24h UTO
kidneys. (B) Averaged expression corrected by S-actin was demonstrated (mean+S.E. n=4).
Open and closed bars indicate the expression in Oh control and 24h UTO kidneys, respectively.

*p<0.05 versus Oh control.
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