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The endothelial isoform of nitric-oxide synthase (eNOS)
is a key determinant of vascular tone. eNOS, a CaZ*/
camodulin-dependent enzyme, is also regulated by a vari-
ety of agonist-activated protein kinases, but the role and
regulation of the protein phosphatase pathways involved
in eNOS dephosphorylation are much less well under-
stood. Treatment of endothelial cells with vascular endo-
thelial growth factor (VEGF), a potent eNOS agonist,
leads to the activation of calcineurin, a Ca%*/camodulin-
dependent protein phosphatase. In these studies, we used
a phosphorylation state-specific antibody to show that
VEGF promotes dephosphorylation of eNOS at serine res-
idue 116 in cultured endothelial cells. Cyclosporin A, an
inhibitor of calcineurin, completely blocks VEGF-induced
eNOS dephosphorylation; under identical conditions, cy-
closporin A also inhibits VEGF-induced eNOS activation.
VEGF-induced eNOS dephosphorylation shows an EC;, of
2 ng/ml and is maximal 30 min after agonist addition.
eNOS phosphorylation at serine 116 is completely blocked
by the protein kinase C inhibitor calphostin but is
blocked by neither wortmannin (an inhibitor of phos-
phatidylinositide 3-kinase) nor the MAP kinase pathway
inhibitor U0126. A phosphorylation-deficient mutant of
eNOS in which serine 116 is changed to an alanine residue
(S116A) shows significantly enhanced enzyme activity
compared with the wild-type enzyme. Taken together,
these findings indicated that VEGF-induced eNOS de-
phosphorylation at serine 116 leads to enzyme activation.
Cyclosporin A is widely used as an immunosuppressive
drug for which hypertension is an important dose-limit-
ing side effect. Our results suggest that cyclosporin A-in-
duced hypertension may involve, at least in part, the at-
tenuation of endothelium-derived NO production
through a calcineurin-sensitive pathway regulating eNOS
dephosphorylation.

The endothelial isoform of nitric-oxide synthase (eNOS)'is a
key determinant of vascular homeostasis (for review see Ref. 1).
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eNOS enzyme activity is closely controlled by diverse extracel-
lular signals that also modulate myriad other regulatory path-
ways in endothelial cells. Nitric oxide synthesized by eNOS
promotes the relaxation of vascular smooth muscle cells, lead-
ing to a reduction in blood pressure. eNOS is a Ca®*/calmodulin-
dependent enzyme and is activated in response to the stimula-
tion of a variety of Ca%"-mobilizing cell surface receptors. The
activity of eNOS also is influenced by phosphorylation at three
or more sites in the enzyme: serine 1179 (serine 1177 in the
human eNOS sequence, Refs. 2—4); threonine 497 (threonine
495 in the human sequence, Refs. 5-7); and serine 116 (2). Of
these phosphorylation sites, the regulation of eNOS serine
1179 has been most extensively characterized; protein kinase
Akt (3, 4), the AMP-activated protein kinase (8), and the cyclic
AMP-dependent protein kinase (6) among others have been
shown to modify eNOS at this residue, thereby potentiating
eNOS enzyme activity. The phosphorylation of threonine 497
appears to be modulated by the agonist bradykinin (5, 7), but
the intracellular pathways involved in this response remain
less well understood. Phosphorylation of eNOS at serine 116
has been observed in intact endothelial cells subjected to he-
modynamic shear stress (2), but the regulatory consequences of
eNOS phosphorylation at this site are almost entirely un-
known. In these studies, we will show that the eNOS agonist
vascular endothelial growth factor (VEGF) promotes eNOS
activation associated with the dephosphorylation of eNOS at
serine 116 in a pathway blocked by the phosphatase inhibitor
cyclosporin A.

The principal molecular target of cyclosporin A is the Ca
calmodulin-dependent phosphatase calcineurin, which is also
known as protein phosphatase PP2B (10). Calcineurin pro-
motes the dephosphorylation of a restricted range of protein
substrates of which the best characterized is the transcription
factor NF-AT (nuclear factor of activated T cells) (11). Cyclos-
porin A is in widespread clinical use as an immunosuppressant
but frequently causes hypertension; this principal side effect
represents an important dose-limiting toxicity (12). There is
some evidence that cyclosporin A attenuates endothelium-de-
pendent vasorelaxation (13, 14), but a clear relationship be-
tween calcineurin action and eNOS regulation has not yet been
clearly established. One agonist known to activate calcineurin
in endothelial cells is VEGF (15), which is also one of the key
activators of eNOS in the vessel wall.

VEGF treatment of endothelial cells leads to a transient
increase in intracellular Ca®* (16) as well as the activation of
diverse protein tyrosine kinase and serine/threonine kinase
pathways (17). VEGF promotes the activation of eNOS by
Ca®*/calmodulin and also stimulates the protein kinase Akt,
which directly phosphorylates eNOS on serine 1179 and in-
creases enzyme activity (3, 7). Because VEGF also activates the
phosphatase calcineurin in endothelial cells (15), in the present
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studies we explored the hypothesis that VEGF modulates
eNOS phosphorylation pathways involving calcineurin, and we
have therefore analyzed patterns of VEGF-dependent eNOS
activation and phosphorylation as modified by the calcineurin
inhibitor cyclosporin A.

EXPERIMENTAL PROCEDURES

Materials—Fetal bovine serum was purchased from HyClone Labo-
ratories (Logan, UT); all other cell culture reagents and media were
from Invitrogen. VEGF, BAPTA (bis(O-aminophenoxy)-ethane-
N,N,N',N'-tetraacetic acid), and wortmannin were from Calbiochem
(La Jolla, CA), and the MAP kinase pathway inhibitor U0126 was from
Cell Signaling Technologies (Beverly, MA). Cyclosporin A was from
Biomol (Plymouth Meeting, PA). Anti-phospho-Ser!*¢-eNOS and anti-
phospho-Thr*°>-eNOS antisera were from Upstate Biotechnology (Lake
Placid, NY). Anti-phospho-Ser'*?7-eNOS antiserum (Ser''”? in the hu-
man eNOS sequence corresponds to Ser''” in bovine eNOS), anti-
phospho-Akt antibody, and anti-phospho-ERK1/2 antibody were from
Cell Signaling Technologies. Anti-eNOS monoclonal antibody was from
Transduction Laboratories (Lexington, KY). The Super Signal chemi-
luminescence detection reagents were from Pierce. L-[*H]arginine was
from Amersham Biosciences. Protein concentrations were determined
with the Bio-Rad protein assay kit. FuGENE 6 was from Roche Molec-
ular Biochemicals. All other reagents were from Sigma.

Plasmids—The eNOS S116A mutant was constructed by standard
PCR-based mutagenesis methods using ¢cDNA encoding wild-type bo-
vine eNOS (18) as template, with flanking primers at the EcoRI and
BglII sites located in the upstream polylinker and the Bg/II site in the
middle of the eNOS-coding sequence, respectively. Following amplifi-
cation, purification, restriction digestion, and molecular cloning of the
PCR-generated fragment containing the mutation, the nucleotide se-
quence of the amplified region of the ¢cDNA was validated by
dideoxynucleotide sequencing using standard techniques. For construc-
tion of the S116A mutant, the upstream primer pair was comprised of
the forward primer 5'-CGCGAATTCGAAGGAGCCACCATGGGCAAC-
TTGAAGAG-3' and the reverse (mutated) primer 5-AGGTCCCGGG-
GCGGGCCGGGT-3’; the second primer pair was comprised of the
forward primer 5'-ACCCGGCCCGCCCCGGGACCT-3' and the reverse
primer 5'-CCGAGATCTTCACCGCGTTG-3' (the bold character notes
the base pair that was altered to change Ser to Ala).

Cell Culture, Transfection, and Drug Treatment—Bovine aortic en-
dothelial cells (BAEC) were obtained from Cell Systems (Kirkland, WA)
and maintained in culture in Dulbecco’s modified Eagle’s medium sup-
plemented with fetal bovine serum (10%) as described (19). Cells were
plated onto gelatin-coated culture dishes and studied prior to cell con-
fluence between passage 5 and 9; cells were serum-starved overnight
prior to experimental treatments. COS-7 cells were maintained in cul-
ture, transfected with various ¢cDNA constructs using FuGENE6 as
described previously (19), and studied 48 h following transfection.

Immaunoblot Analysis and NOS Activities Assay—Cell lysates were
prepared using a cell lysis buffer containing Nonidet P-40, and the
degree of protein expression and phosphorylation were assessed as we
previously described in detail (19). eNOS activity in intact cultured cells
was quantified as the formation of L-[*H]citrulline from r-[*H]arginine
as described previously (19).

Other Methods—All experiments were performed at least three
times. Mean values for individual experiments were expressed as
mean + S.E. Statistical differences were assessed by analysis of vari-
ance followed by Student’s ¢ test. A p value < 0.05 was considered
statistically significant.

RESULTS

The fact that VEGF treatment of endothelial cells leads to
the activation of calcineurin (15) led us to explore the effects of
the calcineurin inhibitor cyclosporin A on VEGF-induced eNOS
phosphorylation and enzyme activity. We found that pretreat-
ment of BAEC with cyclosporin for 30 min completely blocked
the robust increase in eNOS enzyme activity that was seen in
response to VEGF treatment in control BAEC (Fig. 1). There
was no substantive change in basal eNOS activity seen in
BAEC treated with cyclosporin (Fig. 1), and cyclosporin pre-
treatment failed to block eNOS activation elicited by several
other well known eNOS agonists including bradykinin (data
not shown). We and others have extensively characterized the
VEGF-induced phosphorylation of eNOS on serine 1179, and

Cyclosporin-sensitive VEGF-mediated eNOS Dephosphorylation

*
c 60 |

2

=

EESOF

£§4Du

o £

= Esof N
g?

T E20}

= 10}

Y

VEGF . - + +
CsA - + = +

Fic. 1. Attenuation by cyclosporin A of VEGF-induced eNOS
activation in endothelial cells. Shown are the results of eNOS
activity assays performed in BAEC pretreated either with cyclosporin A
or vehicle for 30 min and then treated with VEGF or vehicle for addi-
tional 30 min, as indicated in the figure. eNOS activity was quantitated
by adding L-[*H]arginine to the cells for the last 10 min of drug treat-
ment and then analyzing the formation of L-[*H]citrulline as described
(19). Each data point represents the mean *+ S.E. derived from four
independent cell preparations, each performed in triplicate. * indicates
p < 0.01 for VEGF versus vehicle treatment. T indicates p < 0.05 for
cyclosporin A versus vehicle pretreatment.

we have found that in immunoblots probed with phosphoryla-
tion state-specific antisera cyclosporin pretreatment had no
effect on VEGF-induced phosphorylation at serine 1179 (Fig. 2)
or at threonine 497 (data not shown). By contrast, VEGF dra-
matically reduced the phosphorylation of eNOS on serine 116,
assessed using an antiserum directed against eNOS phospho-
rylated at serine 116 (Fig. 2). VEGF-induced eNOS serine 116
dephosphorylation was completely blocked by pretreatment of
BAEC with cyclosporin, with no change in the total eNOS
protein recovered following these treatments (Fig. 2). As seen
in Fig. 2, cyclosporin also markedly reduced VEGF-induced
phosphorylation of kinase Akt and also attenuated VEGF-pro-
moted ERK activation.

We next performed a more detailed pharmacological charac-
terization of VEGF-induced eNOS dephosphorylation at serine
116. The time course of VEGF-induced eNOS dephosphoryl-
ation at serine 116 showed a maximal effect at 30 min and did
not return to basal levels even 1 h after adding VEGF. This
response is considerably slower than that seen with the VEGF-
promoted phosphorylation of eNOS at serine 1179, which has a
maximal response at 5 min and returns to basal levels by 30
min (Fig. 3; see Ref. 16). The dose response to VEGF showed an
EC;, of 2 ng/ml (Fig. 3B), consistent with the EC;, observed
with other biological responses elicited by VEGF (20, 21).

To more fully understand the consequences of eNOS phos-
phorylation at serine 116 on enzyme activity, we mutated ser-
ine 116 to alanine in the eNOS cDNA (to yield the plasmid
S116A-eNOS) and transfected this construct into COS-7 cells.
Immunoblots probed with the serine 116-phospho-eNOS anti-
serum detected a band corresponding to eNOS in COS-7 cells
transfected with wild-type eNOS but not in cells transfected
with the phosphorylation-deficient S116A eNOS mutant (Fig.
4). Immunoblot analysis revealed that the wild-type and S116A
mutant constructs yielded a similar amount of total eNOS
expression, with no substantive difference in the level of eNOS
serine 1179 phosphorylation between the wild-type and S116A
mutant eNOS (Fig. 4) or in the level of phosphorylation at
threonine 497 (data not shown). There was no substantive
difference in the basal eNOS enzyme activity in COS-7 cells
transfected with the wild-type eNOS or the S116A mutant,
both of which had eNOS activity measured at ~12 fmol
L-[*H]citrulline formed/min/mg of protein. However, in re-
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Fic. 2. Attenuation by cyclosporin A of VEGF-induced eNOS
dephosphorylation in endothelial cells. A, representative immuno-
blot prepared from BAEC cells pretreated with cyclosporin A (100 nm)
for 30 min and then treated with VEGF (20 ng/ml) for the indicated
times. Cell lysates were resolved by SDS-PAGE and analyzed in immu-
noblots (IB) probed separately, as indicated, with specific antibodies
directed against Ser''®-phospho-eNOS, Ser'!'”®-phospho-eNOS, phos-
pho-Akt, phospho-ERK1/2, and total eNOS. B, data pooled from six
similar independent experiments exploring the VEGF-induced change
in Ser!!®-phospho-eNOS in cells pretreated with cyclosporin A or vehi-
cle (control) as indicated and then analyzed in immunoblots probed with
the Ser''®-phospho-eNOS antibody, which were quantitated by meas-
uring the chemiluminescence (Chemilmager, Alpha Innotech) of the
Ser'®-phospho-eNOS immunoreactive band.

sponse to the calcium ionophore A23187 (Fig. 4), the eNOS
enzyme activity of the phosphorylation-deficient S116A mutant
was significantly higher than that of the wild-type eNOS at
equivalent levels of recombinant protein expression (5.3 = 0.4-
fold increase in eNOS activity for the S116A mutant compared
with a 3.2 = 0.3-fold increase seen with wild-type eNOS;
mean = S.E. of n = 5 experiments performed in duplicate,
p < 0.01).

We next sought to explore the protein kinase pathways that
might be involved in the phosphorylation of eNOS on serine
116. The kinase consensus sequence around serine 116 sug-
gests that this residue might represent a site for phosphoryla-
tion by ERK1/2 MAP kinases. However, the MAP kinase kinase
inhibitor U1026 had no effect on eNOS serine 116 phosphoryl-
ation under conditions in which ERK1/2 activation was com-
pletely blocked by this inhibitor treatment (Fig. 5A). The phos-
phatidylinositide 3-kinase inhibitor wortmannin similarly had
no effect on eNOS serine 116 phosphorylation under conditions
in which phosphorylation of the phosphatidylinositide 3-kinase
downstream kinase Akt was completely blocked (Fig. 5A). Of a
wide range of kinase inhibitors, we found that the protein
kinase C inhibitor calphostin was distinct in its ability to com-
pletely block phosphorylation of eNOS at serine 116, accompa-
nied by a significant attenuation in phosphorylation at serine
1179 (Fig. 5B).
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Fic. 3. Time course and dose response for VEGF-induced
eNOS serine 116 dephosphorylation. A, results of a time course
experiment showing immunoblots (IB) prepared from VEGF-treated
BAEC, harvested at the indicated times following addition of VEGF (20
ng/ml). The upper immunoblot was probed with antiserum specific for
Ser'®-phospho-eNOS; the middle immunoblot was probed with anti-
serum directed against activated (phosphorylated) kinase Akt; and the
lower immunoblot derives from the same blot as in the upper immuno-
blot, but it has been stripped and reprobed for total eNOS as a loading
control. B, a VEGF dose response showing immunoblot analyses of
samples prepared from BAEC treated for 30 min with the indicated
doses of VEGF. The upper lanes present a blot probed with the antibody
directed against Ser''®-phospho-eNOS, and the lower lanes show the
results obtained when the same blot is stripped and reprobed with
antibody against total eNOS.
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Fic. 4. eNOS enzyme activity in COS-7 cells transfected with
wild-type or S116A mutant eNOS. This figures shows the results of
an eNOS activity assay performed in COS-7 cells transfected either
with wild-type eNOS (WT) or an eNOS phosphorylation-site mutant in
which serine 116 is changed to alanine (116A). 48 h after transfection,
NOS activity was assayed by adding L-[*H]arginine with or without
calcium ionophore A23187 (10 uM) to the cells; 10 min later, cells were
harvested and lysed, and eNOS enzyme activity was measured as the
formation of L-[*H]citrulline. Data are presented as the -fold increase
over the NOS enzyme activity seen in the absence of ionophore, which
did not differ between the wild-type- and S116A mutant eNOS-trans-
fected cells (~12 fmol/min/mg of protein). The data shown are pooled
from three experiments, each performed in duplicate; the S116A activ-
ity was significantly greater than the wild-type enzyme (p < 0.01). The
lower panel is a representative immunoblot (IB) prepared from cells
processed in parallel with the cells used for the activity assay; identical
immunoblots were probed with antisera directed against Ser!''®-phos-
pho-eNOS, Ser''”®-phospho-eNOS, or total eNOS as indicated.

DISCUSSION

VEGF has been extensively characterized as a key agonist
for eNOS activation in the vascular wall and only more recently
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Fic. 5. Effects of protein kinase inhibitors on eNOS phospho-
rylation of at serine 116. Figure 5 shows a series of immunoblots (IB)
prepared from BAEC treated with various protein kinase inhibitors. A,
BAEC were treated for 30 min with the MAP kinase pathway inhibitor
U0126 (10 uM), with the phosphatidylinositide 3-kinase inhibitor wort-
mannin (wort, 500 nM), or with vehicle and then were treated as indi-
cated for an additional 15 min with VEGF (20 ng/ml) or vehicle before
harvesting. Cell lysates were resolved by SDS-PAGE and analyzed in
immunoblots probed separately, as indicated, using specific antibodies
directed against Ser!!¢-phospho-eNOS, Ser!''?®-phospho-eNOS, phos-
pho-Akt, and phospho-ERK1/2 as well as total eNOS. B shows a simi-
larly designed experiment in which cells were pretreated with the
protein kinase C inhibitor calphostin C (1 um) for 30 min and then
treated for 15 min with VEGF or vehicle as indicated, and then the cells
were analyzed in immunoblots probed with antibodies directed against
Ser''®-phospho-eNsOS, phospho-Akt, phospho-protein kinase C
(p-PKC), or total ERK1/2. The results shown are representative of three
independent experiments that yielded similar results.

has been identified as a potent activator of the phosphoprotein
phosphatase calcineurin in endothelial cells (15). Treatment of
endothelial cells with VEGF promotes the dephosphorylation of
the transcription factor NF-AT; this response is blocked by
cyclosporin A (11). The major phosphoprotein phosphatase in-
volved in NF-AT dephosphorylation is the Ca®*/calmodulin-de-
pendent enzyme calcineurin, a phosphatase that is inhibited by
immunosuppressant drugs such as cyclosporin A and FK506.
The arterial hypertension that accompanies the systemic ad-
ministration of cyclosporin A represents an important limita-
tion to the use of this clinically important immunosuppressant
drug. Our results provide supporting evidence for the hypoth-
esis that cyclosporin A-induced hypertension involves, at least
in part, the attenuation of endothelium-derived NO production
through a calcineurin-sensitive pathway involving eNOS
phosphorylation.

A role for cyclosporin and FK506 in nitric-oxide synthase
regulation is consistent with observations reported in several
prior studies, although the molecular mechanisms remain in-
completely understood. Dawson et al. (22) reported that FK506
treatment of cells transfected with cDNA encoding the neuro-
nal isoform of nitric-oxide synthase (nNOS) led to enhanced
nNOS phosphorylation and to the inhibition of nNOS enzyme
activity. Animal models of cyclosporin treatment have sug-
gested that the drug attenuates endothelium-dependent va-
sorelaxation (13, 14), suggesting a connection between cyclos-

Cyclosporin-sensitive VEGF-mediated eNOS Dephosphorylation

porin and eNOS inhibition. More recently, Harris et al. (5)
found that cyclosporin blocks the bradykinin-induced dephos-
phorylation of eNOS at threonine 497, associated with a reduc-
tion in bradykinin-induced eNOS activation. This finding
stands in direct contrast to the results of Fleming et al. (7), who
found no effect of cyclosporin on bradykinin-induced eNOS
activation. Furthermore, a recent study that implicated protein
phosphatase PP1, rather than calcineurin, as the relevant
phosphatase at phosphothreonine 497 (6). Thus, the role of
calcineurin-modulated pathways in regulating eNOS dephos-
phorylation at threonine 497 remains controversial. In the
present studies, we did not see any effect of bradykinin on
eNOS dephosphorylation at serine 116; conversely, VEGF did
not affect phosphorylation at threonine 497. Therefore, the
principal locus of inhibitory effect of cyclosporin on VEGF-
induced eNOS activation appears to reflect the ability of the
drug to inhibit VEGF-induced serine 116 dephosphorylation.
Indeed, it is possible that the robust activation of eNOS elicited
by VEGF reflects its additive effect to promote serine 116
dephosphorylation, a response not elicited by other eNOS ago-
nists such as bradykinin and sphingosine 1-phosphate, which
are less efficacious activators of eNOS in BAEC (23). It is
becoming clear that different eNOS agonists activate distinct
protein kinase pathways and differentially modulate eNOS
phosphorylation at specific sites (23). Seen in this context, the
converse also appears to be true, that different agonists may
also promote the activation of distinct phosphoprotein phos-
phatases that differentially modulate eNOS dephosphorylation
at discrete sites on the enzyme.

The time course of VEGF-induced eNOS dephosphorylation
is considerably slower than the transient increase in intracel-
lular Ca®" and the rapid activation of eNOS enzyme activity
seen in response to this agonist (16). Moreover, the dephospho-
rylation of eNOS at serine 116 lags behind the time course of
VEGF-induced eNOS phosphorylation at serine 1179. It is
plausible that the dephosphorylation of eNOS at serine 116
represents a longer term control mechanism for establishing
the level of eNOS activity rather than reflecting a pathway
involved in rapid responses to extracellular signals. The mech-
anisms whereby serine 116 phosphorylation attenuates eNOS
enzyme activity remain to be determined. Some clues may be
derived from inspecting the crystal structure of eNOS (9) in the
vicinity of serine 116; this region includes the sites for ZnZ*
ligation (cysteine 101) and pterin binding (serine 104) and also
forms part of the eNOS homodimer interface. Which, if any, of
these eNOS structural features are perturbed by the phospho-
rylation of serine 116 remains to be determined in enzymologi-
cal studies of the purified enzyme.

It should be emphasized that the fact that cyclosporin inhib-
its VEGF-induced eNOS serine 116 dephosphorylation does not
establish that calcineurin directly dephosphorylates eNOS any
more than the inhibitory effects of calphostin on serine 116
phosphorylation establish protein kinase C as the enzyme di-
rectly responsible for eNOS phosphorylation at this site. As
shown in Fig. 5, we found that calphostin, a protein kinase C
inhibitor, also blocks phosphorylation of eNOS at serine 1179,
an observation more consistent with a role for protein kinase C
in kinase Akt activation (Fig. 5B) than with the hypothesis that
the protein kinase C itself directly modifies this eNOS residue.
Thus, we may only interpret the effects of the protein kinase C
inhibitor calphostin and the calcineurin inhibitor cyclosporin
on phosphorylation of serine 116 as providing evidence that
protein kinase C- and calcineurin-modulated pathways impor-
tantly influence eNOS phosphorylation at this residue. Indeed,
the amino acid sequence surrounding serine 116 does not rep-
resent a particularly robust consensus sequence either for pro-
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tein kinase C-induced phosphorylation or for calcineurin-pro-
moted dephosphorylation. A broadly based experimental
approach will be required in order to identify the specific mo-
lecular targets that are modulated by protein kinase C and
calcineurin in endothelial cells.

The major findings of this study are that VEGF, a key eNOS
agonist, promotes the dephosphorylation of eNOS at serine
116, that this VEGF response is blocked by cyclosporin A, and
that serine 116 phosphorylation is associated with eNOS inhi-
bition. These observations may have interesting implications
for our understanding of the hypertensive effects of systemic
cyclosporin treatment. The level of eNOS phosphorylation at
serine 116 may represent an important determinant of vascu-
lar tone, and the dynamic modulation of kinase and phospha-
tase pathways that regulate phosphorylation at this site may
influence NO-dependent signaling pathways in the vascular
wall. A deeper understanding of calcineurin-modulated signal-
ing pathways in the vascular endothelium may lead to the
identification of points for pharmacological intervention that
might mitigate the dose-limiting hypertension seen with ad-
ministration of the widely used immunosuppressant cyclos-
porin A.
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