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G-Protein Level Quantification in Platelets
and Leukocytes from Patients

with Panic Disorder

Murray B. Stein, M.D., Guang Chen, M.D., William Z. Potter, M.D.,

and Husseini K. Manji, M.D.

The objective of our study was to investigate if there are
abnormalities in signal transducing G proteins in patients
with panic disorder. We utilized selective antibodies to
quantitate the levels of the G protein a subunits that
regulate adenylyl cyclase activity (Gas and Gayp) and
phosphoinositide turnover (Gayp) in platelet membranes
(and leukocyte membranes for Gay), and also carried out
pertussis toxin (PT) catalyzed [3?PIADP-ribosylation in
platelet membranes from a group of 13 untreated panic
disorder patients, 10 untreated social phobia patients, and
12 healthy subjects. There were no significant differences
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Patients with panic disorder (PD) experience symptoms
such as racing heart, palpitations, and tremor which are
strongly reminiscent of B-adrenergic receptor stimula-
tion. This observation has led some researchers to sus-
pect that panic attacks may be caused by elevated cate-
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among the three groups in the immunolabeling of Gas in
platelets or leukocytes, or in the immunolabeling of Gai1p,
Gayp, or PT-catalyzed [32P]ADP-ribosylation in platelets.
Within the constraints imposed by using peripheral blood
cells to reflect brain composition, our results do not provide
support for G protein abnormalities in patients with panic
disorder. These results contrast with those obtained using
identical methodology in bipolar affective disorder, where
elevated Gay in leukocytes has been reported (Manji et al.
1995). [Neuropsychopharmacology 15:180~186, 1996]

cholamine levels or other alterations in adrenergic
receptor systems. Although the former hypothesis has
garnered little empirical support (for review, see Stein
and Uhde 1995), the latter hypothesis continues to be
the subject of considerable scientific scrutiny.

Patients with PD have exaggerated behavioral re-
sponses to parenteral administration of the B-adrener-
gic agonist, isoproterenol, lending some support to the
notion of B-adrenergic supersensitivity in this disorder
(Nesse et al. 1984; Pohl et al. 1988). Direct examination
of B-adrenergic receptors on peripheral blood elements
from patients with PD has yielded conflicting results.
Three studies have found reduced p-adrenoceptor den-
sity on leukocytes from patients with PD compared to
healthy controls (Brown et al. 1988; Aronson et al. 1989;
Madock et al. 1993), one study found an increase (Albus
et al. 1986), and our own study using the highly B-adreno-
selective ligand %I-pindolol found no difference (Hu-
zel et al. 1993).

In contrast to the conflicting data with regard to
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B-adrenoceptors, per se, results from several studies
suggest a possible alteration distal to the receptor in pa-
tients with PD. Lymphocytes (Maddock et al. 1993) and
platelets (Charney et al. 1989) stimulated from patients
with PD exhibit abnormat levels of 8- or a,-adrenocep-
tor inhibition of cyclic AMP (cAMP) generation, respec-
tively. These findings could be explained by dysfunc-
tion at the level of guanine nucleotide binding proteins
(G proteins), cellular transducing proteins that couple
receptors to various effectors (Manji 1992).

Guanine nucleotide binding proteins (G proteins) are
a ubiquitous family of proteins that serve the critical
role of transducers of information across the plasma
membrane, coupling receptors to various effectors (Gil-
man 1987; Spiegel et al. 1992; Taylor 1990). The G pro-
teins are heterotrimers localized to the inner surface of
the plasma membrane and consist of an a subunit that
binds (and hydrolyzes) GTP, and B and vy subunits that
form a tightly but noncovalently linked dimer (Gilman
1987; Spiegel et al. 1992; Taylor 1990). Because informa-
tion traverses catalytically across a G protein coupled
system in a GTPase cycle, there is a several thousand-
fold amplification of the original signal. Although G
proteins are present in all eukaryotic cells and control
various metabolic, humoral and developmental func-
tions, they are especially important in the central ner-
vous system (CNS), where they serve the critical roles
of first amplifying and “weighting” extracellularly gen-
erated neuronal signals and then transmitting these in-
tegrated signals to effectors, thereby forming the basis
for a complex information processing network (Ross
1989; Manji 1992; Manji et al. 1995a). The high degree of
complexity generated by the interactions of G protein-
coupled receptors may be one mechanism by which
neurons acquire the flexibility for generating the wide
range of responses observed in the nervous system (Freiss-
muth et al. 1989; Ross 1989). This has led to the proposal
that G proteins may be involved in pathways regulating
such diverse vegetative functions as mood, appetite,
and wakefulness (Manji 1992). Given the variety of
functions subserved by G protein-coupled signal trans-
duction, it is not surprising that abnormalities in G pro-
tein-coupled pathways have been implicated in a vari-
ety of human diseases and pathophysiologic states (for
reviews, see Manji 1992; Milligan and Wakelman 1992;
Spiegel et al. 1993).

At present, there is some evidence for the involve-
ment of G proteins in the etiology and/or pathophysiol-
ogy of certain neuropsychiatric disorders. Studies from
three independent laboratories have recently demon-
strated alterations in the levels and /or activation of the
a subunit of the stimulatory G protein (as) in peripheral
cells from subjects with bipolar affective disorder
(Schreiber et al. 1992; Young et al. 1994; Manji et al.
1995b). Interestingly, the study by Young and associates
(1994) found elevated levels of as in depressed bipolar
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patients, whereas that by Manji et al. (1995b) found the
same abnormality studying either manic or lithium-
treated euthymic subjects, suggesting that this biochemi-
cal abnormality may be state independent.

An increasing body of evidence also suggests that
antidepressants, upon chronic administration, may ex-
ert effects at post-receptor sites, in particular at the level
of G proteins. Thus, following chronic treatment, de-
sipramine causes a functional uncoupling of the B re-
ceptor from Gs in rat cortex (Okada et al. 1986) and in-
terferes with the breakdown of the B adrenergic receptor
high-affinity ternary complex (Yamaoka et al. 1988). In
addition, the chronic administration of tricyclic antide-
pressants and the monoamine oxidase inhibitor, clor-
gyline, have recently been demonstrated to regulate the
protein and mRNA levels of Gas (Lesch and Manji
1992), suggesting a coordinate downregulation of the
B-adrenoceptor-Gs-adenylyl cyclase complex by antide-
pressants (Sugrue 1983; Sulser et al. 1984).

In view of the clinical overlap between affective dis-
orders and anxiety disorders (Stein and Uhde 1990), as
well as the well established efficacy of tricyclic antide-
pressants and monoamine oxidase inhibitors in the
treatment of PD (Taylor 1995), it is of interest to examine
the signal transducing G proteins in panic disorder.
Thus, in the present study, we have sought to directly
examine the levels of G protein a subunits in both plate-
lets and leukocytes from a group of untreated PD pa-
tients, an anxious comparison groups (untreated social
phobia patients), and a healthy comparison group. Us-
ing specific antibodies, we quantitate the levels of the G
protein subunits mediating stimulation and inhibition
of adenylyl cyclase (Gas, and Gai2, respectively), and
stimulation of phosphoinositide turnover (Gaq/11).
Additionally, we have examined pertussis- and cholera-
toxin catalyzed [*?PJADP-ribosylation in platelets from
these patients. To the best of our knowledge, this is the
first study to directly examine G protein levels in pa-
tients with panic (or any other anxiety) disorder.

METHODS
Patients

The group of untreated, PD patients consisted of 10 fe-
male and three male subjects, average age 37 * 11
years. The comparison group of untreated social phobia
patients consisted of four female and six male subjects,
average age 31 * 10 years. Patients were diagnosed by
semistructured interview (a version of the Structured
Clinical Interview [SCID-P; Spitzer et al. 1990] modified
for DSM-1V). Patients were recruited from among those
attending the Anxiety Disorders Clinic at St. Boniface
Hospital in Winnipeg, Manitoba. Patients had not re-
ceived any psychotropic medications for at least 2 weeks
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prior to study. All subjects were determined to be free of
significant medical illness by medical history, a com-
plete physical examination, complete blood count and
differential, serum electrolytes, hepatic and renal func-
tion tests, thyroid function tests, and urinalysis.

The healthy comparison group consisted of nine
women and three men (average age 39 * 11 years) from
the community, recruited by posted advertisements and
word of mouth. These subjects were free of all medica-
tions for at least 2 weeks prior to entry into the study,
had no active medical problems, and had no personal
or family history of Axis I psychiatric disorders, alco-
holism, or drug abuse as determined by clinical inter-
view with the subject.

Blood Cell Isolation and Membrane Preparation

Blood samples (50 ml) were obtained by venipuncture.
Mononuclear leukocytes (MNLs) and platelets were
isolated from the fresh blood (with sodium heparin as
the anticoagulant) using a Histo-Paque gradient, with
minor modification of the procedure of Boyum (1968).
The buffy coat remaining after the removal of the plate-
let rich plasma (PRP) was removed with a Pasteur pi-
pette, diluted 1:1 with phosphate-buffered saline (PBS)
and carefully layered onto Histo-Paque (Sigma Chemi-
cals, St. Louis, USA) and subjected to gradient centrifu-
gation. The leukocyte band was carefully removed,
washed with PBS, centrifuged, and the pellet frozen at
—80°C until used. Ten millimeters of blood routinely
yielded 1-2 X 10% mononuclear cells consisting of over
90% clear mononuclear leukocytes. Cells were homoge-
nized, washed in ice cold isotonic buffer containing 2
mmol/L EDTA, 5 mmol/L EGTA, 1 mmol/L dithiothrei-
tol, 1 mg/ml leupeptin, 2 mmol/L phenylmethy-
sulfonyl fluoride, 100 mmol/L benzamidine, pH 7.5.
The suspension was sonicated with 4 X 10 second
pulses, and intact cells removed by centrifugation at
1500 X g. The leukocyte lysate was then centrifuged in
an ultracentrifuge at 45,000 X ¢ for 1 hour at 4°C to ob-
tain a crude plasma membrane fraction. After resuspen-
sion in 10 mmol /L Tris-HCI, pH 7.5, membrane protein
concentrations were determined in triplicate according
to the method of Bradford (1968), and the samples were
frozen at —80°C until use.

After removal of the PRP, the platelet pellet was ob-
tained by centrifugation of the PRP at 1200 g for 15 min-
utes, and the pellet rinsed with PBS and then frozen at
—80°C until subsequent use. Pellets were resuspended
in ice-cold Tris buffer, containing 2 mmol/L EDTA,
5 mmol/L EGTA, 1 mmol/L dithiothreitol, 1 mg/ml leu-
peptin, 2 mmol/L phenylmethysulfonyl fluoride, 100
mmol/L benzamidine, pH 7.5. The suspension was son-
icated with 4 X 10 second pulses, and intact platelets re-
moved by centrifugation at 1500 X g. The platelet lysate
was then centrifuged in an ultracentrifuge at 45,000 ¢
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for 1 hour at 4°C to obtain a crude plasma membrane
fraction. Following resuspension in 10 mmol/L Tris-
HCI, pH 7.5, the membrane protein concentrations were
determined in triplicate as above, and the samples were
then frozen in appropriate aliquots at —80°C until use.

Immunoblot Analysis

The linearity of the plasma membrane protein concen-
tration for Western blotting was ascertained by resolu-
tion of selected concentrations of protein (between 10
and 200 pg). Subsequent studies were performed using
a protein concentration known to be within the linear
range for immunolabeling of the G protein a subtypes.
Western blotting was performed on all samples in du-
plicate using previously described procedures with se-
lective antibodies directed against synthetic decapep-
tides corresponding to the carboxy termini of the
respective Gas, Gegy11 and Gairyz subunits (all from
Dupont, USA). In brief, 25 to 50 pg of membrane pro-
tein were solubilized in denaturing buffer (Laemmli
1970), and proteins were resolved by SDS-PAGE on 10%
polyacrylamide gels. Proteins thus resolved were elec-
trophoretically transferred onto nitrocellulose paper.
Protein binding sites on the nitrocellulose were blocked
with low detergent “Blotto” containing 5% nonfat dry
milk. After thorough washing with distilled water, the
blots were incubated at room temperature overnight
with specific polyclonal anti-Gas (RM), anti-Ga;2 (AS),
antiGag,11 (QL) antiserum (all 1:5000 dilution), and af-
ter appropriate washing, were incubated with [1%]pro-
tein A (Amersham, Arlington Heights, IL) for 2 hours at
room temperature, The labeled blots were then washed,
dried, and exposed to x-ray film with intensifying
screens at —80°C. Quantitation of the immunoblots was
performed by densitometric scanning of the autoradio-
grams using an Image Analysis system (NIH Image
1.32). An aliquot of pooled “standard” platelet or MNL
membranes was run on one lane of every gel, and the
immunolabeling was calculated relative to this stan-
dard. Data were normalized against pooled platelet or
leukocyte membrane fractions, which were run on all
blots to minimize between blot variability.

Pertussis Toxin Catalyzed [3?P]ADP-Ribosylation

Pertussis-toxin catalyzed [3?P]ADP-ribosylation of plate-
let Gi was performed using previously described meth-
ods (Hsiao et al. 1992; Odagki et al. 1992). In brief, the
frozen membranes were thawed and resuspended in
potassium phosphate buffer (pH 7.5, 1.5 mg protein/
ml), then incubated at 37°C for 60 minutes in a final vol-
ume of 0.2 ml, containing 100 mmol/L potassium phos-
phate buffer (pH 7.5), phosphate buffer (pH 7.5, 1.5 mg
protein/ml), then incubated at 37°C for 60 minutes in a
final volume of 0.2 ml, containing 100 mmol/L potas-
sium phosphate buffer (pH 7.5), 100 mmol/L thymi-
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Figure 1. Representative Western blots of G protein a sub-
units. Platelet membranes were prepared according to the
methods described in the text and subjected to SDS-PAGE on
10% polyacrylamide gels. Proteins thus resolved were elec-
trophoretically transferred onto nitrocellulose paper. Follow-
ing the blocking of protein binding sites on the nitrocellulose
membranes, the blots were incubated at room temperature
overnight with specific polyclonal anti-Ga, (RM) (A), anti-
Gairz (AS) (B), anti-Gag/11 (QL) (C) antiserum (all 1:5000
dilution), and after appropriate washing, were incubated
with [!2I]protein A for 2 hours at room temperature. The
labeled blots were then washed, dried, and exposed to x-ray
film with intensifying screens at —80°C. Estimation of the
molecular weights of labeled protein bands was made by
comparison with molecular weight standards. An aliquot of
pooled “standard” platelet or MNL membranes were run on
one lane of every gel to reduce inter-blot variability, and the
quantitation of the appropriate band was calculated relative
to this standard. Abbreviations: MW = molecular weight
standards; S = standard platelet membranes; CON =
healthy control subjects; PD = panic disorder patients; SP =
social phobia patients.

dine, 10 mmol/L arginine, 0.5 mmol/L ATP, 50 pmol/L
GTP, 10 pmol/L [a-32P]-NAD (25 Ci/mMol, New En-
gland Nuclear, Boston MA) with and without activated
toxin. Prior to incubation, pertussis toxin (5 ug/tube)
(List Biological laboratories, Campbell, CA) was acti-
vated with 10 mmol/L dithiothreitol for 30 minutes at
37°C. The linearity of the plasma membrane protein
concentration for pertussis toxin catalyzed [32P] label-
ing was ascertained by resolution of selected concentra-
tions of membrane protein (between 20 and 400 pg).
Subsequent studies were performed using a protein
concentration known to be within the linear range for
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toxin catalyzed [32P] labeling. Pertussis toxin catalyzed
[*>P]ADP-ribosylation of all samples was performed in
duplicate.

Labeled membranes were washed in ice cold buffer;
proteins were solubilized and subjected to SDS-PAGE
on 10% polyacrylamide gels using the method of Laem-
mli (1970). The gels were dried and exposed to an x-ray
film (Kodak X-omat, Rochester, NY) with an intensify-
ing screen at —80°C. Estimation of the molecular weights
of labeled protein bands was made by comparison with
molecular weight standards. An aliquot of pooled
“standard” platelet or MNL membranes was run on one
lane of every gel, and the quantitation of [3’P] incorpo-
ration was calculated relative to this standard.

Statistical Analysis

Analysis of variance (ANOVA) was used to compare
means among the three groups. Variances are reported
as * SD. Statistical significance is determined by p < .05
using a two-tailed test.

RESULTS

Figure 1 (A-C) shows representative immunoblots of G
protein a subunit immunoreactivity in platelet mem-
branes from healthy control subjects (CON), PD pa-
tients, and social phobia patients (SP). All three poly-
clonal G protein antisera used in the present study
selectively recognized distinct G protein a subunits as
has been previously described (Mumby et al. 1986; Si-
monds et al. 1993). Thus, the Gas antisera (A) recog-
nized a major band migrating with an apparent molecu-
lar mass of 45 kDa, and a minor band migrating at 52
kDa in both leukocyte and platelet membranes. The
Gaij1/2 antisera (B) recognized a single band (known to
be predominantly a;; in human platelets) with apparent
molecular mass of 40 kDa, and the Gag/11 antisera (C)
recognized a single band with apparent molecular mass
of 42 kDa in both leukocyte and platelet membranes.
Quantitation of the immunoblots was performed by
densitometric scanning of the autoradiograms, and the
data were normalized against pooled platelet or leuko-
cyte membranes, which were run on all blots to mini-
mize between blot variability.

Leukocyte and Platelet Gog

Figure 2 shows the results of leukocyte and platelet
membrane immunolabeling of the major (45 kDa) form
of Gas in the three groups. There were no significant be-
tween-groups differences (ANOVA, p = NS). The three
groups also did not differ significantly in immunolabel-
ing of the 52 kDa form of Gu, (data not shown).
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In platelets there were no statistically significant differ-
ences in the immunolabeling of Gaij/z in the three
groups (PD =75 * 18; SP = 101 * 43; CON = 99 *+ 57
OD units/std; p = NS).

Pertussis toxin catalyzed the [3?PJADP-ribosylation
of a single major band with an apparent molecular mass
of 40 kDa. As was the case for immunolabeling of Gai1/2
in platelet membranes, there were no statistically signif-
icant differences in the levels of pertussis toxin cata-
lyzed [*’Pllabeling of Gaji/2 in platelet membranes
from the three groups: (PD = 108 * 41; SP = 64 * 31;
CON = 103 % 68 OD units/std; p = NS).

Platelet Gagm

There were no significant differences in the immunola-
beling of Gag/1y in platelet membranes from the three
groups (PD = 82 = 39; SP = 100 + 129; CON = 61 * 48
OD units/std; F[2,34] = 0.71; p = NS).

CONCLUSIONS

This study is the first that we are aware of to directly
quantitate the levels of the major G protein a subunits
in peripheral blood elements from patients with anxiety
disorders. We did not observe significant differences in
the levels of Gag, Gaii /2, Gaq /11 or in the pertussis toxin
catalyzed [3’P]ADP-ribosylation in tissues from sub-
jects in the three groups (i.e., panic disorder, social pho-
bia, and healthy comparison subjects).

The relevance of our findings for the pathophysiol-
ogy of panic disorder seems reasonably clear, despite
one major caveat—extrapolating from the findings ob-
tained in peripheral blood cells to signal transduction

Figure 2. Leukocyte and
platelet membrane immunola-
beling of the major (45 kDa)
form of Ge; in patients with
panic disorder (dark/left-hand
bars), healthy control subjects
(middle bars), and patients with
social phobia (light/right-hand
bars). Data refer to the 45 kDa
band and are normalized to a
pooled standard run with each
gel. All between groups com-
parisons are nonsignificant.

Platelet

systems in the central nervous system. The major limi-
tation of these peripheral models is that the blood cells
are exposed to a potentially completely different envi-
ronment (including circulating catecholamines and hor-
mones) (Maisel et al. 1990; Van Tits et al. 1990} to that of
brain tissue, which may lead to marked differences in G
protein-coupled signal transduction pathways (Milli-
gan and Green 1991; Hadcock and Malbon 1993). Keep-
ing this limitation in mind, though, our results do not
support an abnormality in G protein levels in panic dis-
order.

These findings are of additional interest in light of
the fact that elevations in leukocyte and platelet Gas im-
munolabeling have been found by our group, using
identical methods, in patients with bipolar affective dis-
order (Maniji et al. 1995b). Similarly, Young et al. (1994)
found elevated levels of Gas in bipolar depressed—but
not unipolar depressed—subjects. Elevated levels of
Gas have also been found in men at high risk for alco-
holism on the basis of a positive family history (Wand et
al. 1994). Taken together with our findings, these obser-
vations suggest that alterations in Gas are associated
with some mental disorders (e.g., bipolar disorder, alco-
holism), but not others (e.g., panic disorder, social pho-
bia, unipolar depression). A challenge for researchers in
this field will be to apply this information to elucidate
the mechanism(s) by which a shared abnormality in G
protein expression might be implicated in the patho-
physiology of those disorders in which the abnormality
occurs.
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