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Leukocyte :-Receptor Alterations
in Hypertensive Subjects
Ross D. Feldman, Lee E. Limbird, John Nadeau,
David Robertson, and Alastair J. J. Wood
Departments of Pharmacology and Medicine,
Vanderbilt University, Nashville, Tennessee 37232

Abstract. It has been suggested that -adren-
ergic responsiveness is reduced in hypertension. To eval-
uate a possible alteration in human 3-receptors that might
account for diminished /3-adrenergic responsiveness, we
studied leukocytes from hypertensive and normotensive
subjects after an overnight rest supine, and then after
being ambulatory, a maneuver that increases plasma cat-
echolamines approximately twofold. In supine samples,
/-receptor affinity for the agonist isoproterenol was sig-
nificantly reduced in hypertensives and was associated
with a reduction in the proportion of /-receptors binding
agonist with a high affinity from 42±6% in normotensive
subjects to 25±2% in hypertensives (P < 0.05). Alterations
in /3-adrenergic-mediated adenylate cyclase activity par-
allelled the differences seen in the /-receptor affinity for
agonist. In normotensive subjects, /-receptor density and
the proportion of receptors binding agonist with high
affinity were reciprocally correlated with plasma cate-
cholamines. However, in the hypertensive subjects these
correlations were not evident. Thus, our data suggest an
alteration in leukocyte /3-receptor interactions in hyper-
tensive subjects, and may represent a generalized defect
in /-receptor function in hypertension.

Introduction

In the hypertensive state, the basic hemodynamic abnormality
is increased peripheral resistance. Two major factors that may
underlie this abnormality are a defect in vascular smooth muscle
(1) and/or increased sympathetic tone (2).
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Increased sympathetic tone could lead to enhanced peripheral
resistance by (a) increasing renin release and thereby causing
sodium retention, (b) increasing cardiac output, or (c) increasing
arteriolar constriction, perhaps the most important mechanism
for enhanced peripheral resistance.

In arteriolar vascular smooth muscle, the postsynaptic ad-
renergic receptor population is mainly comprised of a-receptors
mediating vasoconstriction and ,82-receptors that mediate va-
sodilation. An increase in a-receptor responsiveness to cate-
cholamines and/or a decrease in /32-receptor responsiveness could
result in an increase in arteriolar constriction and peripheral
resistance. Someinvestigators have found increased a-adrenergic
responsiveness in the hypertensive state (3, 4) although this has
not always been observed (5). It has also been suggested that
/3-adrenergic responsiveness is reduced in the hypertensive state.
Studies using several animal models of hypertension have dem-
onstrated reduced responsiveness to ,8-receptor agonists in vitro
(6-8) and in vivo (9). In man, several investigators have found
reduced isoproterenol-stimulated cardiac chronotropic response
in hypertensive subjects (10, 1 1), although this finding has not
been universal (12).

The molecular basis for a reduction in /3-adrenergic re-
sponsiveness in hypertension has been investigated in animal
models. Studies have focused on changes in the ,8-receptor per
se and in the /3-receptor-stimulated adenylate cyclase system,
which mediates /3-adrenergic response through the synthesis of
cyclic AMP(cAMP). Investigators have found a reduction in
myocardial /-receptor density in renal hypertensive, deoxycor-
ticosterone-salt hypertensive, as well as spontaneous hypertensive
rats (SHR)' compared with /-receptor density of controls (13-
15). In SHR, myocardial /3-receptor affinity for /3-adrenergic
agonists has also been reported to be reduced (15). Similarly,
/3-adrenergic-stimulated adenylate cyclase activity has been ex-
amined in aortic and cardiac tissue from SHRby several in-
vestigators, with the majority of laboratories reporting reduced
catecholamine-stimulated catalytic activity (15-18). Thus, using
different experimental approaches, many investigators have

1. Abbreviations used in this paper: KH and KL, dissociation constants
of high and low affinity states, respectively; G, guanine nucleotide reg-
ulatory protein; Gpp(NH)p, 5'-guanylylimidodiphosphate; IHYP,
['25I]iodohydroxybenzylpindolol; RH and RL, receptor populations in
high and low affinity states, respectively; SHR, spontaneous hypertensive
rats.
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suggested that a reduction in responsiveness to /3-adrenergic
agonists occurs in hypertension, and that this reduction may
be related to changes in the /3-receptor-adenylate cyclase complex.

The /-receptor-adenylate cyclase complex consists of at least
three components: the receptor; the catalytic moiety, which
catalyzes cAMPsynthesis; and the guanine nucleotide regulatory
protein (G), which couples hormone occupancy of the receptor
to stimulation of catalytic activity (19, 20). Analysis of radi-
oligand binding to the #-receptor has characterized the formation
of a high affinity complex between the P-receptor and /-adren-
ergic agonists (21). The high affinity state has been identified
as the ternary complex, agonist-receptor-G (22). Formation of
this complex appears to be required for /3-adrenergic activation
of adenylate cyclase, and reduction in the ability to form the
high affinity complex is associated with reduced /3-adrenergic
responsiveness (23). In vitro studies of the phenomenon of de-
sensitization of the /-receptor in animal model systems (23)
have demonstrated a reduction in the number of high affinity
complexes that can be detected subsequent to catecholamine
exposure.

In man, lymphocytes have been used to monitor /-receptor
properties ex vivo, since it has been suggested that changes in
lymphocyte /-receptors may reflect alterations in /-receptors
on less accessible tissues (e.g., heart and lung) (24-26). In normal
subjects we have recently demonstrated that acute elevations
of catecholamines within the physiological range result in de-
creased lymphocyte /-receptor function (27). Using the stimulus
of upright posture to increase catecholamines we detected a
reduction in the number of high affinity complexes and reduced
/3-adrenergic-stimulated adenylate cyclase activity. To investigate
possible alterations in the /-receptor system in the hypertensive
state, we have studied /3-receptors from leukocytes of hyper-
tensive subjects before and after acute physiological increases
in plasma catecholamines mediated by postural change, and
compared them to normotensive control subjects.

Methods

Eight subjects with borderline or mild hypertension (defined as a diastolic
blood pressure of 90-105 mmHgmeasured on at least three occasions
in the out-patient clinic) were studied. These subjects, aged 28-44, had
uncomplicated essential hypertension without cardiovascular or renal
abnormalities and otherwise normal history and physical examinations.
The subjects had not taken any antihypertensive drugs for at least 6 wk
preceding the study.

The eight normotensive control subjects (age 25-40 yr) had no prior
history of hypertension and had casual blood pressures below 130/90
mmHg, as measured on at least six occasions, and had received no
medication for at least 2 wk before study. All subjects received a diet
containing 150 meq of sodium for at least 3 d before study.

After remaining in bed overnight in the Vanderbilt University Clinical
Research Center and before the subject arose, a blood sample was drawn
by venipuncture while the subject remained supine in the darkened
hospital room. A second blood sample was drawn after the subject had
been ambulatory for 3 h, a maneuver which approximately doubles
plasma catecholamine levels (28). Samples were analyzed for P-receptor

binding and plasma catecholamines. Adenylate cyclase activity was also
measured in five normotensive and four hypertensive subjects.

Lymphocytes were isolated from fresh citrated blood according to
the method of Boyum (29) and membrane lysates were prepared using
the techniques of Aarons et al. (30) as previously described (27).

Radioligand binding studies were performed using ['25Iiodo-
hydroxybenzylpindolol (IHYP; Amersham Corp., Arlington Heights,
IL). For saturation binding curves, seven concentrations of IHYP were
used in each assay. The incubations were as previously described (27).
Receptor density (Bm..) and dissociation constant (Kd) for IHYP were
determined from saturation curves of specific IHYP binding that were
analyzed by the method of Scatchard (31). Protein concentration was
determined by the method of Lowry (32) using bovine serum albumin
as a standard.

Receptor affinity for agonist was derived from isoproterenol com-
petition for IHYP binding at 14 concentrations of isoproterenol from
100 AM to 1 nM. To determine the effects of guanine nucleotides,
acting through the guanine nucleotide regulatory protein, (G), on
/3-receptor-agonist interactions, Gpp(NH)p, the hydrolysis-resistant an-
alogue of guanosine triphosphate, was added to half of the incubations
containing isoproterenol. IC50 for isoproterenol in the absence and pres-
ence of Gpp(NH)p was determined from logit transformations of com-
petition curves. For each curve, binding was analyzed by a nonlinear
curve fitting procedure using a generalized model for complex ligand-
receptor systems (33). For the two affinity state model, estimates were
derived for the proportions of the receptor population in the high (RH)
and low (RL) affinity states and the dissociation constant for the high
affinity state (KH). The dissociation constant of the low affinity state
(KL) was determined experimentally as the inhibition constant (K1) for
isoproterenol competition for IHYP binding in the presence of 0.1 mM
Gpp(NH)p. Adenylate cyclase activity was measured as described pre-
viously (27) with -30 ug of lymphocyte protein in a total volume of
50 ,l. cAMPwas isolated by sequential Dowex and alumina chroma-
tography as described by Salomon et al. (34) and corrected for recovery
using [3H]cAMP as the internal standard. Plasma epinephrine and nor-
epinephrine were determined by radioenzymatic assay (35).

The statistical significance of differences was determined by the use
of t test for paired and unpaired data as appropriate.

Results

Representative agonist competition binding curves from both
hypertensive and normotensive subjects upright and supine are
shown in Fig. 1. In normotensive subjects the competition curves
were shifted to the right and steepened after assumption of the
upright posture. In hypertensives, however, such a change was
not seen with posture. In samples taken while supine, the re-
ceptor-agonist affinity was lower in hypertensives, producing a
significantly higher IC50 for isoproterenol competition for IHYP
binding in hypertensive subjects (IC50 = 272±22 nM) compared
with normotensive controls (IC50 = 184±24 nM; P < 0.05).
Additionally the decrease in /-receptor affinity for agonist was
associated with a significant decrease in the proportion of re-
ceptors binding agonist with a high affinity (%RH), from 42±6%
in normotensive subjects to 25±2% in hypertensive subjects (P
< 0.05) (Table I, Fig. 2).

The maneuver of upright posture resulted in a greater than
twofold increase in plasma epinephrine and norepinephrine lev-
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Figure 1. Effect of posture on ,-receptor affinity for agonist. In nor-
mal subjects (A) the isoproterenol competition curve after 3 h of up-
right posture (e) is shifted to the right compared with the supine
sample (o). Addition of Gpp(NH)p to competition curves from both
supine (A) and upright (v) samples resulted in identical curves. In hy-
pertensive subjects (B) competition curves from supine samples were
steeper and rightward shifted and were not altered in upright sam-
ples.

els in both hypertensive and normotensive groups. There were
no significant differences in the catecholamine levels between
the normotensive and hypertensive groups when the subjects
were supine or upright (Fig. 3).

In normal subjects, we have previously demonstrated that
the increase in plasma catecholamines induced by the stimulus
of upright posture is associated with a concomitant reduction
in both #-receptor affinity for agonists (i.e., an increase in IC50
for isoproterenol), and in %RH(27). In the normotensive subjects

Table I. KHand KL and Proportion of Receptors in RH in
Normotensive and Hypertensive Subjects

Normotensive Hypertensive

Supine Upright Supine Upright

%RH 42±6 24±3* 25±2f 28±5
KH (nM) 17±6 12±4 16±5 19±10
KL (nM) 256±25 268±25 205±17 239±27

* P < 0.05 compared with supine.
4 P < 0.05 compared with normotensive supine.

studied here, IC50 increased from 184±24 to 328±53 nMafter
3 h of upright posture (P < 0.05). Associated with the decrease
in P-receptor affinity for agonist there was also a reduction in
%RHin normotensive subjects from 42±6% (supine) to 24±3%
(upright; P < 0.05) (Table I, Fig. 2). It was also of interest that
%RHwas inversely correlated with log plasma norepinephrine
(r = -0.73, P < 0.001) and log plasma epinephrine (r = -0.57,
P < 0.05). Thus, increased plasma catecholamines were asso-
ciated with decreased P-receptor affinity for agonists and %RH
in normotensive subjects.

In the hypertensive subjects, however, changes in #-receptor
affinity for agonist with upright posture were not evident. No
alterations in either IC50 for isoproterenol (272±22 nM: supine,
to 299±42 nM: upright P > 0.3) nor %RH(25±2%: supine, to
28±5: upright P > 0.3, Table I, Fig. 2) were seen with the same
stimulus of upright posture and a virtually identical increase in
plasma catecholamines to that observed in normotensive subjects
(Fig. 3). KH and KL of the receptor for agonist were unaltered
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Figure 2. Alteration in RHwith posture in normotensive and hyper-
tensive subjects. ., P < 0.05 compared with supine normotensive
samples.
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with posture, and did not differ between normotensive and hy-
pertensive subjects (Table I).

The alterations in %RHin normotensive and hypertensive
subjects with posture were parallelled by the changes seen in
fi-adrenergic stimulated adenylate cyclase activity (Table II). In
the normotensive subjects 0.1 mMisoproterenol-stimulated ad-
enylate cyclase activity decreased >50% with the assumption
of upright posture (4.6±1.3 pmol cAMP/min per mg protein:
supine to 2.0±1.0 pmol/min per mgprotein: upright P < 0.05).
In contrast, isoproterenol-stimulated adenylate cyclase activity
in samples taken from hypertensive subjects when supine were

significantly decreased compared with normotensive subjects
(0.6±0.4 pmol/min per mg protein; P < 0.05) and was not
significantly altered with upright posture (1.3±0.6 pmol/min
per mg protein). Basal activity did not differ between normo-

tensive and hypertensive subjects nor was it altered with upright
posture in either group (Table II).

In contrast to the marked differences in fl-receptor-agonist
interactions between normotensive and hypertensive groups, (3-

receptor-antagonist interactions were only subtly altered. No

Table II. Increase in Adenylate Cyclase Activity Over Basal
Produced by Isoproterenol and Gpp(NH)p

Normotensive Hypertensive

Supine Upright Supine Upright

0.1 mMIsoproterenol 4.6±1.3 2.0±1.0* 0.6±0.4* 1.3±0.6
0.1 mMGpp (NH)p 29.7±6.0 26.9±8.2 19.7±2.6 14.9±5.7
Basal 13.9±2.7 15.4±4.0 9.3±1.8 10.0±3.3

Data are given in picomoles cAMPper milligram protein per minute.
* P < 0.05 compared with supine normotensives.

Upright

Figure 3. Effect of upright posture
on plasma norepinephrine (left)
and plasma epinephrine (right) in
normotensive and hypertensive
subjects. Values shown are

mean±SEM. *, P < 0.05 com-

pared with supine samples.

significant differences in Bmax nor KDvalues for the radiolabeled
antagonist IHYP were detected between groups (Table III).
However, the relationship between plasma catecholamines and
Bmax was altered in the hypertensive subjects. In normal subjects
fl-receptor density from supine samples was significantly cor-
related with supine plasma norepinephrine (r = -0.77, P < 0.05)
(Fig. 4 A) confirming our previous findings (25), whereas this
inverse relationship between supine plasma norepinephrine and
Bmax was not seen in the hypertensive subjects (Fig. 4 B).

Discussion

As we have previously reported (27), the maneuver of upright
posture acutely increases plasma catecholamines and is asso-
ciated with a reduction of :-receptor affinity for the agonist
isoproterenol in normal subjects. This reduction in receptor
affinity has been interpreted as representing a functional "un-
coupling" of the f-receptor from the guanine nucleotide binding
protein of the adenylate cyclase system, thus resulting in an

impaired ability to form the "high affinity state" of the receptor
for agonist (RH), the ternary complex, agonist-receptor-G. This
reduction in %RHhas been shown to be associated with reduced
A-receptor responsiveness (23, 27). In normal subjects the re-

duction in receptor affinity for agonist with upright posture is
associated with an almost 50% reduction in the proportion of
receptors in the high affinity state, %RH(Fig. 2) and a comparable
reduction in fi-adrenergic-mediated adenylate cyclase activity.
Also, %RHis inversely correlated with plasma norepinephrine
concentrations, thus suggesting that ?hysiological increases in
plasma catecholamines may be responsible for the reduced ability
to form the high affinity receptor complex that is required for
fi-adrenergic activation of adenylate cyclase.

Our studies indicate that the pattern of fl-receptor-agonist
interactions is altered in hypertensive subjects. In the hyper-
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Table III. (3-Receptor-Antagonist Binding in Normotensive
and Hyperensive Subjects

Bma, K& IHYP

Supine Upright Supine Upright

fmol/mg protein fmol/mg protein pM pM

Normotensive 15±1 14±1 49±8 41±6
Hypertensive 18±2 17±2 57±8 52±9

Bima and Kd were not different in hypertensive compared with nor-
motensive subjects and were not altered with upright posture.
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tensive subjects, under supine conditions, lymphocyte (8-receptor
affinity for agonist, %RH, and isoproterenol-stimulated adenylate
cyclase activity were significantly reduced compared with nor-
motensives. With the stimulus of upright posture there was no
further reduction in receptor affinity for agonist nor in %RH
(Fig. 2), nor adenylate cyclase activity. This altered pattern in
hypertensive subjects may reflect a failure of the dynamic reg-
ulation of (3-receptor-agonist interaction by catecholamines. Al-
ternatively, it might be that (3-receptor affinity for agonist is
maximally attenuated under "basal" conditions in hypertensives
and thus is not further altered by subsequent stimuli. If this
latter possibility is the case, the stimulus for this maximal at-
tenuation of (-receptor affinity under basal conditions is not
obvious. In normal subjects we have related increased circulating
levels of catecholamines to reduction in both receptor affinity
for agonist and %RH. However the supine plasma catecholamine
level was not elevated in the hypertensive subjects and thus
could not account for our findings of reduced receptor affinity
for agonist and decreased %RHin hypertensive individuals. The
possibility still exists that blunted (3-receptor affinity for agonist
in hypertensives might be due to either subtle increases in plasma
catecholamines not detectable by single plasma determinations
or mediated by other hormones interacting with the (3-receptor.

The hypothesis that auto-regulation of the lymphocyte (3-
receptor is abnormal in hypertensives is further strengthened
by our antagonist binding data. This study has confirmed our
previous finding (25) that in normal subjects (3-receptor density
is inversely related to supine plasma catecholamines (Fig. 4 A).
However, in the hypertensive group, this relationship is not
evident (Fig. 4 B), again suggesting the possibility that either
the regulation of the (3-receptor by plasma catecholamines is
altered in hypertension or that in hypertensive subjects there is
some subtle change in catecholamine levels not reflected by the
supine morning catecholamine level.

If our findings in circulating leukocytes reflect a generalized
defect in .32-receptor function in the hypertensive state, then
reduced (32-receptor responsiveness in the vasculature without
concurrent reduction in a-receptor sensitivity might well result
in abnormally elevated vascular tone. This blunted (3-receptor
vasodilator responsiveness coupled with normal or elevated

.

10)-

100 200 500

Plasma Norepinephrine (Supine) pg/mi

Figure 4. Relationship between (-receptor density and plasma cate-
cholamines in normotensive (A) and hypertensive subjects (B).

a-receptor vasoconstrictor responsiveness might contribute to
increased peripheral resistance and thus to the pathogenesis and
maintenance of the hypertensive state. Further studies are re-
quired both to define the locus of the abnormality and also to
determine its generality.
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