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Table 1. Renal function and systolic blood pressure two and four
weeks after renal ablation

Group Parameter CONT NX NX-FU

2 week S, mgldl 041 £0.02 1.04 £0.07* 1.06 = 0.06*
Ce, mifmin 2.00 £ 0.09 0.64 £ 0.05* 0.70 = 0.06*
Urine protein mg/day 14.0 0.7 239 +6.0° 23.0+2.2°

4 week S, mgl/dl 036 = 0.02 1.04+0.11* 0.80 = 0.11*
SUN mg/dl 216 08 670%52* 61.0=78
Ce, mil/min 276 £0.29 0.67 = 0.10* 0.78 + 0.08*

Urine volume mlfday ~ 8.1x0.7 29.0+21* 285+18°
Osmolarity mOsm/liter 2501 275 1097 = 174*> 1138 + 682

Urine protein mg/day 155 0.9 50.1 = 14.7° 26.6 £ 3.3*
Systolic BP mm Hg 12024 128 £27* 118 +2.5%®

Values are mean * SeM for five or ten rats. At sacrifice (4 weeks), blood
samples were taken from half of the (5) rats of each group. Other
parameters were measured in all rats.

Abbreviations are: CONT, sham-operated control rats; NX, 5/6 ne-
phrectomized rats; NX-FU, 5/6 nephrectomized rats with furosemide
administration; Sc,, serum creatinine; Cc,, creatinine clearance; SUN,
serum urea nitrogen; systolic BP, systolic blood pressure.

®P < 0.01 vs. CONT, ®* P < 0.05 and P < 0.01 vs. NX

-176-



R OREE~—7— & LT, SMITO%H % in situ hybridization TEIEE§ % &, B
S CTIHBEINE L B CHRBOEMATD S5 hthS, BENB TIEMICSY 7 F LAt
ETF LA (K1) o SMITORBEMIITALS L UMDICZD S Rt (M2) o« Shb oD
VIFNVETOEI FERGICE DRSNS (1) o 56FHIC L Y REAOSMITIE
BAHmy2HEAE LT, A7 Y BOBAIZE ) A 70 Y720 OBREATRE N
ML, N VREICELIRMERE (FEANE) 2HEMT A9 EI2X), TALB
L UMD TONaCl HRNE DML T, MEBOBREELREZVEBLTVEDTIE
TWrEERLND, —F, MCDDOSMITHEIITBERSEIZ BT 2 RIEHEBORKE
FELTIEKTFTLTWwWALEEZLNS,

Figure 1. Film autoradiograms demonstrating the pattern of hybridization of SMIT antisense
cRNA probe (°S-labeled) to rat kidney. cryosections. Most intense hybridization signals were
present in the outer medulla. There were also significant signals in the inner medulla and papilla of
the kidney although these signals were less intense than those in the outer medulla. A punctate
pattern of the signal was apparent in the cortex of kidney. Abbreviations are: CONT,
sham-operated control rats; NX, 5/6 nephrectomized rats without drug treatment; FU, 5/6

nephrectomized rats with furosemide administration.

CONT NX FU

SMIT
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Figure 2. Bright field photomicrographs demonstrating the pattern of in situ hybridization of
¥S-labeled rat SMIT antisense cRNA probe to a cryosection of rat kidneys of control (A, C, E) and
nephrectomized (B, D, F) rats. A and B: Cortex of kidney including glomerulus and macula densa
cells. Intense signals were observed in the juxtaglomerular region and cortical thick ascending limbs
of Henle's loop but not in the glomerulus (X400). C and D: Outer medulla of kidney. Intense
hybridization signals were seen in the medullary thick ascending limbs of Henle's loop and were
apparently increased in the remnant kidney (X100). E and F: Inner medulla of kidney. Significant
but less intense signals were seen in the inner medullary collecting ducts. SMIT signals in this area

was markedly decreased in nephrectomized rats (X100).
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Figure 3. Osmolality-dependency in hypertonicity-induced TGF- 3 activity.

NRK cells were cultured for 12 hours after switching to a different osmolality. The medium
osmolality ranged from 300 to 500 mOsm/kg, which were made by the addition of 0 to 200
mOsm/kg of NaCl. TGF- B activity in culture medium of NRK cells was measured by bioassay
using mink lung epithelial cells. Each bar is the mean of 4 independent experiments; error lines are
SD. *P<0.01 vs. 300 mOsm/kg.
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Figure 4. Effects of hyvpertonicity on [’H] proline and [’H] leucine incorporation.

[3H] proline (A) and [*H] leucine (B) incorporation were measured after 24 hours of incubation
in isotonic or hypertonic medium. Hypertonic medium(500 mOsm/kg) was made by the addition of
various solutes (NaCl, raffinose, glucose and mannitol). The cells were pulsed for the final 5 hours
with L-[2,3,4,5-*H] proline (1 uCi/well) or L-[4,5-’H] leucine (1 pCi/well). Abbreviation is: ISO,
isotonic medium. Each bar is the mean of 4 independent experiments; error lines are SD. *P<0.01

vs. control and **P<0.05 vs. control.
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Figure 5. Effects of anti-TGF- 8 antibody on [’H] proline incorporation

[*H] Proline incorporation was measured 24 hours after switching to hypertonic medium.
When indicated, anti-TGF- 8 neutralizing antibody or normal rabbit IgG was added to the
hypertonic medium.(500 mOsm/kg, made by the addition of NaCl). Abbreviations are: ISO,
isotonic medium; HYP, hypertonic medium; HYP+Ab, HYP+Ab100, HYP+Ab200, hypertonic
medium with 20, 100 or 200 pg/ml of anti-TGF- 3 antibody; HYP+IgG, hypertonic medium with
200 pg/ml rabbit IgG. Each bar is the mean of 4 independent experiments; error lines are SD.
*P<0.01 vs. ISO, **P<0.05 vs. ISO and #P<0.05 vs. HYP.
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Figure 6. Northern blot analysis of SMIT, TGF-  and fibronectin mRNA using RNA from the
whole remnant kidney. Samples of 20 pg of total RNA were separated by electrophoresis on 1%
agarose formaldehyde gel and was transferred to nylon membrane. The ethidium bromide-stained
gel (Et-Br) demonstrates equal loading. Abbreviations are: CONT, sham-operated control rats;
NX, 5/6 nephrectomized rats without drug treatment; NX-FU, 5/6 nephrectomized rats with

furosemide administration.
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Figure 7. Film autoradiograms demonstrating the pattern of hybridization of SMIT, TGF- 8 and
fibronectin antisense cRNA probes (®S-labeled) to rat kidney cryosections. . Abbreviations are:
CONT, sham?operated control rats; NX, 5/6 nephrectomized rats without drug treatment; NX-FU,

5/6 nephrectomized rats with furosemide administration.
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Figure 8. Hypertonicity hypothesis in the progression of renal disease
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Pathophysiological role of hypertonic stress by salt loading in the kidney

Atsushi Yamauchi & Enyu Imai

First Department of Medicine
Osaka University School of Medicine

Summary

Na'/myo-inositol cotransporter (SMIT) was a major osmolyte transporter that is regulated by
extracellular osmolarity. We examined the expression of SMIT in partial nephrectomized rats in
order to assess the change in local osmolarity following reduction of renal mass. Four weeks after
5/6 nephrectomy, the rats were compared to sham-operated control animals. In situ hybridization
revealed that signals for the transporter mRNA were markedly reduced in the inner medulla of the
remnant kidney. In contrast, these signals in the outer medulla as well as cortex increased following
nephrectomy. Microscopic examination revealed that the signals in the thick ascending limbs of
Henle (TAL) as well as macula densa cells were significantly increased. The signals in this segment
were reduced by furosemide administration. The increased expression in NX rats appears to reflect
the increased NaCl transport and high local osmolarity in this segment.

Hypertonicity is known to modulate the expression of some genes and the action of several
cytokines. We next evaluated whether hypertonicity would increase the expression and/or activity
of transforming growth factor-8 (TGF-8) in NRK cells. The bioassay for TGF-8 showed that
mature TGF-B activity was significantly increased when the cells were cultured in a hypertonic
medium (500 mOsmv/kg). In contrast, total TGF-$ activity and TGF-8 mRNA abundance did not
change significantly, suggesting that hypertonicity activated TGF-8 without affecting the synthesis
of TGF-8. To determine whether collagen synthesis was increased by hypertonicity, we examined

[3H] proline incorporation into NRK cells cultured in hypertonic medium. Proline incorporation
increased in an osmolality-dependent manner. Furthermore, anti-TGF-8 antibody prevented the
increase in proline incorporation induced by hypertonicity. These results suggest that hypertonicity
promotes the processing of latent TGF-8 to the biologically active form, resulting in the stimulation
of collagen synthesis in NRK cells.

To examine possible role of local hypertonicity in renal fibrosis, we investigated the expression
of TGF-B and fibronectin in the remnat kidney. In situ hybridization revealed that signals for TGF
-B mRNA were markedly increased in the outer medulla and cortex following nephrectomy.
Microscopic examination revealed that the signals in the outer medulla were localized to the
interstitial cells as well as the TAL cells. The expression of fibronectin showed a similar pattern.
These results suggested a possible involvement of hypertonic stress in the progression of renal
diseases.

-189-



	9739-J
	9739-W



