





inactive prorenin. Trypsin-conjugated beads were removed
from the kidney homogenate supernatant by centrifugation
and the trypsin-treated supernatant was then incubated
with excess partially purified rat angiotensinogen. The
amount of Al generated from this incubation was determined
by radioimmunoassay, as outlined above.

Prorenin activity was determined as the difference between
total renin activity and renin activity present in the absence
of trypsin-treatment. All renin activity measurements were
expressed as pmol Al/100 ug kidney per hour. The protein
concentration of supernatant of kidney homogenate was
measured by the method of Lowry et al. (20).

Statistical Analysis

Changes in intensity of densitometrically scanned gel
bands, renin enzymatic activity, renin:prorenin activity ratio,
and prorenin activity in kidneys from CsA (N = 4 per treat-
ment period) and pooled control animals (N = 8) were com-
pared over time by linear regression and analysis of variance.
The results are expressed as mean * SE. Statistical signifi-
cance was defined as P < 0.05. For characterization of renin
isoforms, tissue was taken from four to six animals in each of
the four treatment periods, and from two to six control
animals for each treatment period. Plasma creatinine and
urea were measured in five of these animals in the control, 1,
3, and 8-wk groups.

RESULTS

At the time of study, mean body weights were 276 *
6, 260 * 13, 260 = 7, 265 * 11, and 289 * 8 gm for
the pooled pair-fed controls, and the 1, 3, 5, and 8-wk
CsA groups, respectively. These values were not sta-
tistically different (P = 0.162, analysis of variance; N =
6/CsA group, N = 8 controls). The CsA-treated ani-
mals exhibited typical significant increases in plasma
creatinine and urea concentrations (Table 1), changes
that reflect CsA-induced suppression of GFR.

Renin Isoform Identification

When supernatants of kidney homogenate from
3-wk CsA-treated and control rats were separated by
PAGE, followed by immunoblotting for renin, an im-
munoreactive renin band (estimated molecular weight
[MW], 32 to 36 kd) was identified with increased
intensity compared with the control sample (Figure 1).
Characterization of immunoreactive renin in kidney
homogenate supernatant separated by isoelectric fo-
cusing showed an immunoreactive isoform pl 5.46 of

TABLE 1. Effect of CsA (25 mg/kg per day) on renal
function

Serum Credatinine Serum Urea
Tremn'a(zr: 2"'0"0'1 Concentrations  Concentrations
¥s) (mg/dL, N=5) (mg/dL: N = 5)
0 0.48 + 0.02 172 +0.8
7 0.56 = 0.03 233+ 1.1@
21 0.58 + 0.02° 22.7 £ 1.6°
56 0.62 = 0.05° 408 = 1.9°

2 P < 0.05 versus control (O days), one-way analysis of variance, and
Dunnett’s test.
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Figure 1. This representative immunoblot of a 10% polyacryt-
amide gel shows detection of immunoreactive renin from
partially purified rat-kidney renin (Lane 1), recombinant rat
prorenin (Lane 2), and kidney homogenate from CsA-
treated (Lane 3) and control (Lane 4) rats. Samples of kidney
homogenate each contain 200 ug of total protein.
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Figure 2. This representative immunoblot of an isoelectric
focusing gel (pH 4 to 6.5) shows detection of immunoreac-
tive renin in kidney homogenate from control (Lane 1) and
CsA-reated (Lane 2) rats. Samples of kidney homogenate
each contain 75 ug of total protein from rat kidney homo-
genate.

increased intensity in samples from CsA-treated rats
(Figure 2). Analysis of kidney homogenate by 2D
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Renin Isoforms in CsA-Treated Rat KiCiNe'y 1

GELS, followed by immunoblotting for renin, showed
that the CsA-treated rat-kidney homogenate con-
tained an immunoreactive spot with estimated MW of
32 to 36 kd and pl 5.5, which is not readily identified
in control-kidney samples (Figure 3). Silver stains of
2D GELS of renin isolated from kidney homogenate by
pepstatin agarose also confirmed the presence of an
acidic renin isoform, pI 5.2 * 0.2 in CsA-treated rats
(Figure 4B). The majority of renin isoforms in both
control and CsA-treated samples are found at pI 5.6 to
6.1 (Figure 4).

Effect of Length of CsA Treatment on Renin
Isoform Expression

To determine if the amount of acidic renin isoform
identified in kidney homogenate of CsA-treated rats
was affected by duration of treatment with CsA, kid-
ney homogenates from rats treated with CsA for 1, 3,
5, and 8 wk was separated by PAGE, followed by
immunoblotting. The previously identified immunore-
active band MW 32 to 36 kd was found to have
increasing immunoreactive intensity in samples of
kidney homogenate from rats receiving longer dura-
tions of treatment with CsA (Figure 5). Linear regres-
sion analysis of densitometric measurements of this
immunoreactive band (Figure 5) demonstrated a pos-
itive correlation between length of CsA treatment and
increased densitometric intensity of the acidic renin
isoform in rat kidney homogenate (Figure 6; r* =
0.900, P < 0.001).

Renin Enzymatic Activity
Renin enzymatic activity was measured in aliquots
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Figure 3. This representative immunobilot of two-dimensional
gels shows the immunoreactive isoforms of renin and their
relative molecular weight in kidney homogenate from con-
frol (A) and CsA-treated (B) rats. Samples of kidney homo-
genate contain equal amounts of total protein. In each gel,
a single lane of respective kidney homogenate (control or
CsA-reated) was applied to aid in identification of immuno-
reactive isoform spots.
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Figure 4. This representative silver stain of 2D GELS shows the
isoforms of renin in kidney homogenate supernatant of
control (A) and CsA-reated (B) rats eluted from pepstatin
agarose. Samples of kidney homogenate supernatant con-
tain equal amounts of protein. Gels were silver-stained simul-
taneously.
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Figure 5. This representative immunoblot of a 12.5% poly-
acrylamide gel shows the changes in immunoreactive renin
in kidney homogenate of rats treated with CsA for 1, 3, 5, and
8 wk. Corresponding samples of control kidney homoge-
nate for 1 and 8 wk are also shown along with standards of
partially purified rat-kidney renin (R) and recombinant pro-
renin (PR). Samples of kidney homogenate each contain
200 ng of total protein.

of kidney homogenate from control and CsA-treated
rats. Prorenin activity was also determined as a frac-
tion of total renin activity in trypsin-treated samples.
Positive correlations were found for both renin enzy-
matic activity and the ratio of renin to prorenin activ-
ities relative to the duration of treatment with CsA
(Figure 7A and 7C; P < 0.001 for both). The calculated
prorenin activity decreased significantly in kidney
homogenate of CsA-treated animals compared with
control (Figure 7B; P < 0.007), but this decrease was
fully evident at 7 days and did not decrease further in
the groups treated for longer periods with CsA.

DISCUSSION

This study demonstrates that an acidic isoform of
renin accumulates in kidneys of CsA-treated rats
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Figure 6. This scattergram illustrates the significant correlation
between the densitometric intensity of the band containing
the acidic renin isoform and duration of treatment with CsA.
The points in the graph represent relative densitometric
intensity of immunoreactive renin bands in three separate
samples of kidney homogenate. The intensities for the bands
in confrol homogenate are shown at Week 0.

relative to the duration of treatment with CsA. Renin
enzymatic activity shows a similar increase relative to
duration of CsA treatment. These findings expand and
support our previous observation that there is in-
creased amount of renin in the renal microvascula-
ture of CsA-treated rats (11), and they also provide
new evidence that CsA may disturb the intracellular
processing of renin.

In recent studies, we have shown that treatment of
rats with CsA is accompanied by changes in renal
microvascular reactivity and in morphology, including
thickening of the afferent arteriole, an increase in the
ratio of afferent to efferent resistance and a decrease
in afferent arteriolar reactivity to infusion of All (6,21).
These changes suggested the presence of an alteration
in the intrarenal renin angjotensin system in CsA-
treated rats. We confirmed this with observations that
there was an increase in intrarenal renin content and
in the distribution of immunoreactive renin protein in
the afferent arterioles of CsA-treated rat kidneys (11).
There was also a decrease in expression of mRNA for
the AIl receptor Type 1, which may explain, in part,
the decreased vascular response to infusion of All
(22).

In the study presented here, CsA treatment was also
associated with a marked drop in renal prorenin
content during the period in which renin content was
increasing. This may reflect increased secretion of
prorenin in CsA-treated rats, a phenomenon that has
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been observed previously in rats and humans given
CsA (3). Alternatively, the change in prorenin content
may also arise from CsA-induced changes in the
conversion of prorenin into renin.

Although immunoreactive renin protein was in-
creased in the CsA-treated rat kidneys, the mRNA
message for renin was not increased nor was the
hybridization signal for renin mRNA found outside the
juxtaglomerular area in CsA-treated rats (11). This
observed difference in renin protein distribution inde-
pendent of renin mRNA message suggested the possi-
bility that the renin stored in CsA-treated kidneys
might have a different physicochemical nature, com-
pared with renin stored in normal kidneys. The study
presented here demonstrates that an acidic (pI 5.2 +
0.2) form of renin with an estimated molecular weight
(32 to 36 kd) is found in substantially greater amounts
in kidneys of CsA-treated rats compared with con-
trols. The amount of acidic isoform present strongly
correlates with duration of CsA treatment, as does the
increase in renin enzymatic activity in rat kidney
homogenate. Although it was not possible to measure
directly the enzymatic activity of the acidic renin
isoform, the parallel increases with CsA treatment
duration of both immunoreactive acidic renin isoform
content and renin enzymatic activity suggests that
this isoform may have enzymatic activity.

Renin isoforms (pI 4.8 to 5.9) have been identified by
other investigators on the basis of either difference in
isoelectric point (15,24) or difference in glycosylation
(23,25). A recent study shows that glycosylated forms
of renin can be further separated into six different
isoelectric forms, suggesting that glycoforms and iso-
forms of renin are closely related (25). There is a
growing body of evidence that the processing of renin
isoforms may have vasoregulatory significance. For
example, glycosylation appears to influence the clear-
ance of circulating renin, such that basic renin iso-
forms are cleared more rapidly than acidic isoforms
(23,25). Further, Opsahl et al. (14) have demonstrated
that relatively basic renin isoforms are preferentially
stored and rapidly secreted by a regulatory pathway in
response to decreased renal perfusion pressure and
converting enzyme inhibition. In contrast, these in-
vestigators found that acidic renin isoforms normally
constitute only a minor component of stored renin,
and appear to be constitutively secreted at a rate that
is not significantly enhanced by stimulation (14).

In CsA-treated rats, the presence of an acidic iso-
form in kidney homogenate after 3 to 8 wk suggests
that, unlike normal kidneys, this acidic isoform may
be stored in significant amounts. The accumulation of
an acidic renin isoform in kidneys of CsA-treated rats
may reflect disturbances in several aspects of renin
processing. First, it is possible that CsA may retard
the constitutive secretion of acidic renin isoforms, as
CsA is known to blunt secretion of several glycopro-
teins, including renin and insulin (2). Second, CsA
may inhibit the normal pathways for intracellular
degradation of acidic renin isoforms. Finally, CsA may
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Figure 7. These scattergrams show the change in renin activity (A), prorenin activity (B), and the ratio of renin:prorenin (C) over
time in kidney homogenate from rats treated with CsA for 1, 3, 5, and 8 wk. Activity for control rat-kidney homogenate is shown
as 0 wk treatment with CsA. Although the regression Is significant, and analysis of variance shows that the decline in renal
prorenin activity from the control is significant (P < 0.004), the values at 1, 3, 5, and 8 wk were not significantly different from each

other.

disturb the intracellular folding, and trafficking of
renin, as a result of CsA binding to cyclophilins (16).
Cyclophilins are a family of cytoplasmic carrier pro-
teins that exhibit peptidyl-prolyl cis-trans isomerase
activity and are involved in the folding of proline-
containing peptides and proteins (16). This rotamase
action is inhibited by the binding of CsA. Further-
more, loss of cyclophilin activity can impair cellular
protein processing and trafficking. For example, mu-
tations in a cyclophilin homolog found in Drosophila
photoreceptor cells leads to a significant reduction of
rhodopsin levels and an accumulation of rhodopsin in
the endoplasmic reticulum (26). Recently, cyclophilins
B and C have been identified in mammalian cells as
cyclosporine-binding proteins with an endoplasmic
reticulum retention signal (27,28). Further, it has
been shown that murine renal arcuate arteries and
proximal tubular cells contain substantial amounts of
cyclophilins A and C, and that CsA exposure increases
mRNA levels for cyclophilin C in renal tubular cells
but not in vascular tissue (29). Thus, it is possible that
in binding to this class of cyclophilins in the kidney,
CsA may interfere with normal intracellular protein
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processing, resulting in slow accumulation and stor-
age of renin as well as other proteins in rat microvas-
cular cells.

The pathophysiologic significance of the presence of
significant amounts of this acidic renin isoform and
the reduction in prorenin content in kidneys of CsA-
treated rats is unknown. If this renin isoform contin-
ues to accumulate in the granulated cells with chronic
CsA treatment, then its presence may play a role in
the structural changes and irreversible vascular in-
jury that develops in the distal afferent arteriole. It
may also contribute to the reversible systemic and
preglomerular vasoconstriction caused by CsA, and
the development of cortical interstitial fibrosis, which
has been shown to be All-dependent (30). Indeed, in
stroke-prone hypertensive rats, it has been observed
that there is an increase in acidic forms of renin,
which correlates with elevation of systolic blood pres-
sures in these animals (31). Furthermore, this strain
of rats also develops an age-related renal microangi-
opathy. Whether a similar association exists between
acidic renin isoforms and the development of CsA-
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induced hypertension and arteriolopathy remains to
be established.
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