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ABSTRACT

We have found that neuroendocrine tumors (including neuroblastoma,
ganglioneuroma, gut carcinoid, pheochromocytoma, medullary thyroid
carcinoma, insulinoma, glucagonoma, prolactinoma, carotid body tumor,
and small cell lung carcinoma) produce considerable amounts (about
1000-80,000 ng/g tissue) of the a subunit of guanine nucleotide-binding
protein, G0 (Goa), whereas nonneuroendocrine tumors contain less than
300 ng of Goa/g tissue. Goat in the neuroendocrine tumors was present
both in the soluble fraction, and cholate-extractable membrane-bound
fraction of tissues. Immunoblots of membrane fractions of neuroblastoma
and carcinoid tissues confirmed that the immunoreactive substance in the
tumor tissues was GoÂ«.Immunohistochemically, (.,,Â« was localized
consistently in the cell membrane and occasionally in the cytoplasm of
neuroendocrine tumors. GoÂ«was also detected in sera of 73% patients
with neuroblastoma at diagnosis, whereas serum (i,,Â«concentrations in
control children, or patients with nonneuroendocrine tumors were lower
than the detection limit of the immunoassay method employed. Serum
GOO concentrations in patients with neuroblastoma changed with the
clinical course; they fell in patients responding to treatment and increased
in patients who relapsed. Since (.,,Â«,a specific protein in the neural and
neuroendocrine cells, was found to be produced in considerable amounts
by all types of neuroendocrine tumors but not in nonneuroendocrine
tumors, ( â€ž,<rmight be a useful biomarker for neuroendocrine tumors.

INTRODUCTION

Several G proteins3 are known to function as a signal trans

ducer between membrane bound receptors and intracellular
effectors. (â€¢,and (>, couple hormonal and neurotransmitter
receptors to the stimulation and inhibition, respectively, of
adenylate cyclase (1). (â€¢<>,which was initially isolated from
bovine brain (2, 3), interacts with muscarinic cholinergic recep
tors (4) and 7-aminobutyric acidB receptors (5). Recently, it was
suggested that G0 regulates neuronal calcium channels (6). G0
is a heterotrimer, as other G proteins, composed of a unique
M, 39,000 a subunit, and the A/, 36,000 ÃŸand M, -10,000 7
subunits which appear to be common to all G proteins (3). The
a subunits of GÃŒand G0 remain soluble in the absence of
detergent (7), and the G proteins can be dissociated to a and
187subunits in the presence of nonhydrolyzable analogues of
GTP or A13+, Mg2+, and F" (8). Recently, we have prepared

rabbit antibodies specific to G0Â«,established a highly sensitive
enzyme immunoassay system for G0a (9), and shown that G0Â«
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is localized exclusively in the nervous tissues and some endo
crine cells in pancreas, pituitary, thyroid, and adrenal,4 which

belong to a family designated as APUD (amine precursor
uptake and decarboxylation) or diffuse neuroendocrine system
(10). We describe here the presence of G0Â«in tumors derived
from the above mentioned neuroendocrine cells and in sera of
patients with neuroblastoma, and evaluate G0a for the appli
cation to clinical and immunohistochemical diagnosis.

MATERIALS AND METHODS

Tissues and Serum Samples. Normal and tumor tissues were obtained
from surgical and/or postmortem specimens. All neuroblastoma tissues
determined GoÂ«contents were surgical specimens, and most of them
(except five cases which were resected after chemotherapy) were ob
tained from patients prior to chemotherapy and radiotherapy. Most of
the other tumor tissues were postmortem specimens. Serum samples
of patients with neuroblastoma and other tumors were obtained at
various clinical stages. Serum samples of healthy adults were kindly
supplied from Aichi Red Cross Blood Bank, Nagoya, Japan. As age-
matched control samples, sera from patients (3 months old to 4 years
old) with nonneoplastic and nonneural diseases (mostly with inguinal
hernia) were used. All samples including sera from patients with neu
roblastoma and other tumors were stored at â€”20'C or â€”80"Cuntil

analyses. The classification of tumors was based on clinical observations
and histolÃ³gica!examination of the tissues.

Preparation of Tissue Extracts. The frozen tissues were homogenized
at 0Â°Cwith a glass ho mÃ¶geni/cr in 10 volumes (vol/wt) of 10 mivi

sodium phosphate buffer (pH 7.0) containing 0.32 M sucrose and 0.1%
NaN3. The homogenate was centrifugea at 4Â°Cat 100,000 x g for 1 h,

and the supernatant (soluble fraction) was saved for the assay of G0a
and neuron-specific -y-enolase (NSE). The precipitate was homogenized
at O'C in the original volume of 20 mM Tris-HCl (pH 8.0) containing

1 mM ethylenediaminetetraacetate, 5 mM /3-mercaptoethanol, 2% so
dium cholate, and 1 M NaCl. The homogenate was sonicated for 1 min
at O'C, and then centrifuged as described above. The supernatant

(membrane fraction) was saved for analysis of G0Â«.Most of GoÂ«bound
to the membrane could be solubilized by this procedure4 (9). The soluble

and membrane fractions thus prepared were diluted with the buffer
containing 20 /Â¿MAid,, 6 mM MgCI2, and 10 mM NaF, and then
subjected to the immunoassay as described previously (9). Protein
concentrations of the soluble fraction were estimated with the Bio-Rad
Protein Assay (Bio-Rad) which utilizes a protein-dye binding principle
(11).

GoÂ«and Antibody Preparations. The a subunit of bovine G0 was
purified from the brain, and antibodies were raised in rabbits with
bovine G0Â«as immunogen and purified to be monospecific to G,,Â«as
described previously (9). The purified antibodies cross-reacted with
human G0a, showing a single band at a position corresponding to
bovine G0a on SDS-PAGE followed by an immunoblotting test of a
membrane fraction of human brain (Fig. 1).

Enzyme Immunoassay of Gga and NSE. The concentrations of G0Â«
in the tissue extracts and sera were determined with the enzyme
immunoassay method for bovine GoÂ«recently established (9). In brief,

4T. Asano, R. Semba, N. Kamiya, N. Ogasawara, and K. Kalo. Go, a GTP-

binding protein: immunochemical and immunohistochemical localization in rat
peripheral tissues, submitted for publication.
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Fig. 1. Immunoblot of the membrane fractions of neuroblastoma and carcinoid

tissues with purified anti-G0a antibodies. Membrane fractions, each containing
50 /ig protein, of neuroblastoma (2), gut carcinoid (3), and cerebral cortex (Â¥),or
0.5 Mgof purified bovine G0a (/) were boiled with Laemmli's sample buffer, and
subjected to SDS-PAGE, followed by immunoblot. A, polyacrylamide gel stained
with Coomassie blue; B, immunoblots with ami (.,Â«..

Fig. 2. Standard curve for the assay of G0Â»and the assay with human serum
samples. Various amounts of purified bovine G0o (O) or the indicated volumes
of serum samples from four patients with neuroblastoma (â€¢)were subjected in
duplicate to the immunoassay. Fluorescence intensity, 1000 = l uM4-methylum-
belliferone.

the assay system consisted of purified antibodies (to bovine GoÂ«)
immobilized on polystyrene balls (3 mm in diameter) and the same
antibodies labeled with /3-D-galactosidase from Escherichia coli. The
assay system for bovine G0Â«cross-reacted with G0a from other animal
species.4 Therefore, the concentrations of GoÂ«in tumor tissues or in

sera of patients were determined by this assay system with purified
bovine GoÂ«as a standard, and results are expressed as ng or pg of
bovine G0Â«equivalents. As shown in Fig. 2, when serum samples of
patients with neuroblastoma were subjected in duplicate to the immu
noassay with various sample volumes (5-75 M!),the slopes of the curves
were almost parallel with the standard curve. We therefore used a 50-
n\ sample volume for the assay of G0Â«in serum. The within-assay and
between-assay relative standard deviations for the determination of

serum GoÂ«were less than 14%. The accuracy of the assay determined
by recovery experiments on 10 serum samples was 85-110%. The NSE
(7 subunit of enolase) concentration was determined with the assay
system (12) similar to that for GoÂ«.

Immunohistological Staining. Tumor tissues, except for small cell
lung carcinoma, and normal tissues including lung, stomach, small
intestine, colon, gall bladder, pancreas, adrenal, thyroid, and lymph
node were obtained at surgical operation. The tissues of small cell lung
carcinoma were obtained at autopsy. They were fixed in 10% formalin
and embedded in paraffin. Sections (4-/Â¿mthick) were immunostained
by the indirect peroxidase-labeled antibody method (13). In brief, the
sections were treated with 100% methanol and 0.3% H2O2 in 0.01 M
PBS (pH 7.4). They were then immersed in nonimmune goat serum,
washed in PBS, and reacted with purified anti-bovine GoÂ«IgG (0.8 Mg/
ml) overnight. For control stainings the antibody preincubated with
bovine GoÂ«was used. After being washed in PBS, the sections were
incubated for 2 h with the horseradish peroxidase-labeled anti-rabbit
IgG. The sections were reacted with 0.025% diaminobenzidine solution
containing 10 UMII/).-, and cou nterst ained with methylgreen.

Electrophoresis and Immunoblot. The membrane fractions of cerebral
cortex, neuroblastoma, and gut carcinoid prepared as described above
were dialyzed overnight at 4Â°Cagainst 20 HIM Tris-HCl (pH 8.0)

containing 1 mM EOT A, 5 mM /3-mercaptoethanol, and 1% sodium
cholate. Then the extracts were concentrated with Minicon B15 (Ami-
con Co., Danvers, MA) and subjected to SDS-PAGE according to the
method of Laemmli (14). Proteins were visualized with Coomassie blue.
Immunoblots were carried out as described previously (9).

RESULTS

GOÂ«Contents in Various Tumor Tissues. Table 1 shows the
GoÂ«contents in various tumors. In order to see the subcellular
distribution of GoÂ«,concentrations in the soluble and mem
brane fractions were expressed on the basis of g tissue. The
content of NSE, which is proposed as a marker antigen for
neuroendocrine tumors (IS), was also assayed simultaneously
in the soluble fraction of each tissue sample, and the results
were shown as ng NSE/mg soluble protein.

G0a was present at considerable concentrations in both sol
uble and membrane fractions of neuroendocrine tumors, in
cluding neuroblastoma, ganglioneuroma, carcinoid, pheochro-
mocytoma, insulinoma, glucagonoma, medullary thyroid car
cinoma, prolactinoma, carotid body tumor, and small cell lung
carcinoma. Although the ranges of Go<* contents were large
among samples of the same tumor in different patients, the
average values in both soluble and membrane fractions were
much higher than those of the nonneuroendocrine tumors and
normal lung. The large range of G0a levels seemed to be due
in part to the instability of G0Â«immunoreactivity. G0Â«levels
in samples obtained at autopsy or in tissues kept for longer
periods (>2 years) in the freezer tended to show lower values
than those in the fresh samples obtained at surgical resection.

In most of neuroendocrine tumors G0Â«was predominantly
located in the membrane fraction. However, in some cases, GoÂ«
was found more in the soluble fraction than in the membrane
fraction. In bovine cerebral cortex, G0Â«was present mostly
(>98%) in the membrane fraction at a level of about 200 pg/g
tissue (9). NSE concentrations were much higher in the neu-
roendocrine tumors than in the other tumors as reported by
Tapia et al. (15).

Identification of Immunoreactive Substance as (;<><Â»by Immu
noblot. In order to confirm the antigen estimated by the im
munoassay in the extract of neuroendocrine tumors was G0a,
the membrane fractions of neuroblastoma and carcinoid tissues
were subjected to SDS-PAGE, together with the purified bovine
Go<* and the membrane fraction of human cerebral cortex.
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Table 1 G0a and NSE concentrations in neuroendocrine tumors

TissuesNeuroendocrine

tumorsNeuroblastomaGanglioneuromaGut

carcinoidPheochromocytomaInsulinomaGlucagonomaMedullary

thyroidcarcinomaProlactinomaCarotid

bodytumorSmall
cell lungcarcinomaNonneuroendocrine

tumorsLung
adenocarcinoma andsquamouscell

carcinomaTeratocarcinomaDysgerminomaLymphomaHepatoblastomaThymomaRhabdomyosarcomaLipomaWilms'

tumorNormal

lungNo.

of
cases2446331111914236GoÂ«

(ngÂ°/gtissue)Soluble

fraction4,530

Â±5,840(283-28,800)'1,260

Â±820(459-2,300)1,154

Â±660(746-2,440)2,

150Â±3,040(433-5,660)3,680

Â±4,230(661-8,520)2859983,530819684

Â±553(168-1,840)54

Â±19(10-103)184(175-193)7892078145162

Â±59(10-126)32

Â±16(14-51)Membrane

fraction1

3,800 Â±16,600(810-80,600)1,880

Â±800(1,170-3,000)24,000

Â±13,700(6,520-39,500)1,010

Â±510(456-1,470)4,680

Â±5,470(1,430-11,000)6013,0104,6003,2501,260

Â±1,110(378-3,460)80

Â±73(<43-115)247(219-275)46<43<43<43<43<43122

Â±55(59-164)154

Â±102(43-208)NSE

(ng*/mg

protein)1,750

Â±1,150(158-4,190)1,460

Â±620(1,040-2,180)2,150

+917(996-3,390)1,330

Â±1,010(163-1,930)1,450

Â±1,050(804-2,660)5261,4703,4306722,290

Â±1,300(707-5,180)189

Â±90(36-414)193(169-216)582100391275084225

Â±94(136-324)263

Â±179(70-484)

Â°Bovine G0Â«equivalent.
* yy enolase equivalent.
' Number in parentheses, ranges of values.

After electrophoretic transfer of proteins from the polyacryl-
amide gel to a nitrocellulose sheet, immunoreactive G0Â«was
visualized with rabbit anti-G0a antibodies and peroxidase-la-
beled anti-rabbit IgG antibodies. As shown in Fig. 1, mem
branes of neuroblastoma, carcinoid, and cerebral cortex showed
an immunoreactive single band at M, 39,000 corresponding to
G0a. These results indicate that the immunoreactive substance
measured by the immunoassay is very similar, if not identical,
to (â€¢,,Â«in the normal brain.

Immunohistochemical Staining of Goat. G0Â«was strongly
positive in islet cells in the pancreas (Fig. 3A), chromaffin cells
in the adrenal gland (Fig. 3B), neuroendocrine cells scattered
in gastrointestinal epithelium (Fig. 3C), and peripheral neurons
located in the interstitial space (Fig. 3C). G0<*was apparently
negative in parafollicular cells of thyroid and neuroendocrine
cells of bronchi under the present conditions where formalin-
fixed, paraffin-embedded sections were used. However, when
periodate-lysine-paraformaldehyde-fixed, cryostat sections (16)
were employed, G0Â«was detected in those neuroendocrine cells
(data not shown). G0a was not detected in other normal cells
such as epithelial cells in gastrointestinal tract and lung, fibro-
cytes, white adipocytes, chondrocytes, lymphoid cells, smooth
muscle cells, exocrine cells, follicular cells of thyroid, and
adrenal cortical cells. The immunohistochemical results with
neuroendocrine tumors are summarized in Table 2. All cases
of neuroblastoma (Fig. 3D) and ganglioneuroblastoma (Fig.
3E) showed remarkably positive staining for G0a. GoÂ«was
predominantly localized in the plasma membrane and a tangled
mass of neurites, and occasionally in the cytoplasm. The control
section corresponding to Fig. 3D was uniformly negative (Fig.
3F). All cases of medullary thyroid carcinoma (Fig. 4/1), carci
noid tumor (Fig. 4B; except for malignant carcinoid), and

pheochromocytoma (Fig. 4C) also showed strongly positive
staining for G0a. GoÂ«was consistently localized in the mem
brane of these tumor cells, and occasionally in the cytoplasm.
Four out of five cases of islet cell tumor of the pancreas showed
positive staining for G0a (Fig. 4D). G0Â«-positive tumor cells in
small cell lung carcinoma frequently formed small clusters (Fig.
4E). Two cases of small cell lung carcinoma showed negative
staining, which probably resulted from reduced antigenicity by
postmortem changes. In non-small cell lung carcinomas G,><>
was negative in the tumor cells, but only in a case of adenocar
cinoma, a small number of tumor cells, that presumably have
neuroendocrine properties (17), showed positive staining for
G0a (Fig. 4F). All cases of malignant carcinoid, a poorly
differentiated form of carcinoid, showed negative staining.

Detection of G, >Â«in Serum Samples from Patients with Neu
roblastoma. (.;,,<.was not detectable in adult rat blood cells and
plasma by the present immunoassay method.4 When 50 serum

samples of normal adults were subjected to the immunoassay,
none of the samples contained the detectable level (>0.08 ng/
ml) of Got*. However, as shown in Fig. 5, serum samples from
76% (19/26 cases) of patients with neuroblastoma contained
detectable levels of G0Â«at diagnosis. On the other hand, G0Â«
was not detected in age-matched control sera obtained from
child patients (n = 62) with nonneoplastic and nonneural dis
eases (mostly with inguinal hernia), and in sera from patients
with nonneuroendocrine tumors. These results suggest that
( Â¡(i" in sera of patients with neuroblastoma was derived from
the tumor cells, and that the serum G0a might be useful as a
marker for patients with neuroblastoma.

In order to evaluate serum G0<*as a marker for neuroblas
toma, (i, Ki concentrations were serially determined in 13 pa
tients with neuroblastoma during their clinical courses. As
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Fig. 3. Immunostaining of G0a in normal
neuroendocrine tissues, neuroblastoma, and
ganglioneuroblastoma. In pancreas (A) and ad
renal gland (B), G0Â«was localized in the mem
brane and cytoplasm of islet cells and diro
mattiÂ»cells, respectively, but not in exocrine
acinar cells and conical cells. Goo was local
ized in neuroendocrine cells (arrow heads) and
peripheral nerve fibers (arrow) in the gastric
mucosa (C). GoÂ«was markedly labeled in a
tangled mass of neuntes of neuroblastoma cells
(D) and in the membrane and neuntes of ganglioneuroblastoma cells (L'i. Control staining

corresponding to /' showed uniformly negative(/â€¢').*. lipofuscin granules of adrenal conical

cells. (A, B, and C, x 175; D and F, x 350; E
x 220)

â€¢'ti
" V*" '

â€¢â€¢-5,
â€¢

Table 2 Immunostaining oj'G0a in tumors

TumorsNeuroendocrine

tumorsPheochromocytomasCarcinoids

(five gut. two bronchus,andone
thymus)Malignant

gutcarcinoidsMedullary
thyroidcarcinomasNeuroblastomas

(including threeganglioneuroblastomas)Islet

celltumorsSmall
cell lungcarcinomasOat
celltypeIntermediate

typeNonneuroendocrine

tumorsLung
adenocarcinomasLung

squamous cell carcinomastested9/98/80/36/610/104/57/99/9l'/50/5
" A small number of positive tumor cells were presumed neuroendocrine tumor

cells differentiated from adenocarcinoma cells.

shown in Fig. 6, the enhanced G0a levels at diagnosis decreased
when the primary tumors were resected surgically, but when
the tumors went into relapse, the serum GoÂ«increased again.
The NSE levels determined simultaneously in the same samples
showed changes similar to those of G0a (data not shown).

DISCUSSION

We demonstrated that GoÂ«was present in a considerable
amount in neuroendocrine tumor tissues and in sera of patients
with neuroblastoma. Among the tumors examined neuroblas

toma and carcinoid tended to contain high levels of G0a, but
the values (about 20 ^g/g tissue) were much lower than those
of bovine cerebral cortex (about 200 Mg/g tissue) (9). On the
other hand, NSE were consistently enhanced to a similar level
in all types of neuroendocrine tumors. A large variation of GoÂ«
levels in each type of neuroendocrine tumor tissue may in part
result from inactivation of GoÂ«immunoreactivity during post
mortem changes and/or storage of the tissue. The present
determinations were done with tissue samples stored for 1
month to 5 years. Therefore, it remains to be clarified whether
or not the G0Â«level in the tumor is related to the tumor activity
in the patients.

GoÂ«was enhanced both in the soluble and membrane frac
tions of neuroendocrine tumor tissues. However, the ratio of
GOÂ«values measured in the soluble fraction and membrane
fraction was variable in each tumor, and in some cases the
majority of G0Â«was detected in the soluble fraction, whereas
in the brain more than 98% of G0<* is determined in the
membrane fraction (9). Immunohistochemically, G0Â«was lo
calized consistently in plasma membranes of tumor cells, but
occasionally in the cytoplasm, being apparently consistent with
the results of immunoassay. GoÂ«was negative in some sections
of neuroendocrine tumors especially in postmortem specimens,
probably resulting from instability of the immunoreactivity as
described above. It is conceivable that serum G0a in neuroblas
toma patients is derived from tumor cells. However, patholog
ical significance of Go in neuroendocrine tumors remains to be
clarified. G0 might participate in the signal transduction for a
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Fig. 4. Immunostaining of GoÂ» in neu-
rocndocrine tumors and lung adenocarcinoma.
GoÂ«was strongly labeled in the membrane of
tumor cells of medullary thyroid carcinoma
(A), carcinoid (fi), and pheochromocytoma
(O, and was labeled occasionally in the cyto
plasm. The islet cell tumor of pancreas showed
weak positive staining in the membrane (D,
arrow heads). In small cell lung carcinomas,
positively stained tumor cells forming small
clusters were frequently observed (E). In a case
of lung adenocarcinoma. a small number of
positively stained tumor cells were observed
(F. arrow heads). (A, D, E, and F. x 180; fi and
C, X 360)

;

". <â€¢â€¢â€¢â€¢**Â«*
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Fig. 5. Serum <>,,<â€¢levels in patients with neuroblastoma. Serum G0a concen
trations were assayed in samples obtained from patients with neuroblastoma (VW.
26 cases), nonneuroendocrine tumors (OT, 1 cases; 2 Wilms' tumors, embryonal

carcinoma of testis. rhabdomyosarcoma, lymphoma, thymoma, and carcinoma of
adrenal cortex), and nonneoplastic and nonneural diseases (CN) as control
children. Dashed line, detection limit of assay (0.08 ng/ml).

mitogenic action of autocrine growth factors for these tumors,
as proposed by Latterio et al. ( 18).

NSE, a neuronal form of enolase isozyme, is always produced
with a considerable amount in neuroendocrine tumors, and has
been reported as a useful marker for neuroendocrine tumors
(15, 19-23). However, the tissue distribution of NSE is not so
specific as GoÂ«.NSE is localized in various nonnervous and
nonneuroendocrine cells (16). Nonneuroendocrine tumors,
such as renal cell carcinoma (24) and some cases of adenocar
cinoma of the lung (22), also produce a significant amount of
NSE, and serum NSE is often enhanced in those patients,
indicating that NSE is not a specific marker for neuroendocrine

i i

o

I

& O.I

Diagnosis Relapse
Remission

Fig. 6. Changes of serum G0Â« during the clinical course of patients with
neuroblastoma. Serum GoÂ«concentrations were determined in 13 patients with
neuroblastoma at diagnosis and at remission, and also at relapse in five patients
(a-e).

tumors. Chromogranin A, the major soluble protein in cate-
cholamine storage vesicles of adrenal medulla, is also shown
immunohistochemically to be produced in neuroendocrine tu
mors (25, 26), although the immunoreactive substance is not
identified to chromogranin A. The immunoreactive chromo
granin A is enhanced in sera of patients with pheochromocy-
toma (27) and with small cell lung carcinoma (28). However,
the serum chromogranin A concentration is also increased
under physiological conditions where exocytotic sympathoad-
renal activity is increased (27).

On the other hand, the tissue distribution of ( i,,<*seems to
be strict. It is localized in nervous tissues and neuroendocrine
cells as described recently,4 and in neuroendocrine tumors as
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shown in the present report. G0Â«seems to be more specific at
least than NSE with respect to an immunohistochemical marker
antigen for neuronal and neuroendocrine cells, and neuroen
docrine tumors. GoÂ«can be detected in sera of patients with
neuroblastoma, but not in sera of healthy subjects and patients
with nonneuroendocrine tumors. Serum G0a concentrations in
patients with neuroblastoma changed with the clinical course;
they decreased at remission and increased at relapse of the
disease. A preliminary determination of GoÂ«in serum samples
of patients with small cell lung cancer showed that ( ;,,Â«was
detectable in about 30% (4/14) cases. These results suggest that
serum G0a might also be useful as a monitoring marker for
disease extent and response to therapy of patients with neuro
blastoma and other neuroendocrine tumors.

REFERENCES

1. Oilman, A. G. G proteins and dual control of adenylate cyclase. Cell (Phila.),
36: 577-579, 1984.

2. Neer, E. J., Lok, J. M., and Wolf, L. G. Purification and properties of the
inhibitory guanine nucleotide regulatory unit of brain adenylate cyclase. J.
Biol. Chetn., 259: 14222-14229, 1984.

3. Sternweis, P. ('.. and Robishaw, J. D. Isolation of two proteins with high

affinity for guanine nucleotides from membranes of bovine brain. J. Biol.
Chem., 259: 13806-13813, 1984.

4. Florio, V. A., and Sternweis, P. C. Reconstitution of resolved muscarina-
cholinergic receptors with purified GTP-binding proteins. J. Biol. Chem.,
260:3477-3483, 1985.

5. Asano, T., Ui, M., and Ogasawara, N. Prevention of the agonist binding to
>-aminobutyric acid B receptors by guanine nucleotides and islet-activating
protein, pertussis toxin, in bovine cerebral cortex: possible coupling of the
toxin-sensitive GTP-binding proteins to receptors. J. Biol. Chem., 260:
12653-12658,1985.

6. Hescheler, J., Rosenthal, W., Trautwein, W., and Schultz, G. The GTP-
binding protein, GO, regulates neuronal calcium channels. Nature (Lond.),
525:445-447, 1987.

7. Sternweis, P. C. The purified a subunits of G0 and GÃŒfrom bovine brain
require ffy for association with phospholipid vesicles. J. Biol. Chem., 267:
631-637, 1986.

8. Northup, J. K., Smigel, M. D., Sternweis, P. C., and Oilman. A. G. The
subunits of the stimulatory regulatory component of adenylate cyclase: res
olution of the activated 45,000-dalton (a) subunit. J. Biol. Chem., 25Â«:
11369-11376, 1983.

9. Asano, T., Semba, R., Ogasawara, N., and Kalo, K. Highly sensitive inimu
noassay for the a subunit of the GTP-binding protein Go, and its regional
distribution in bovine brain. J. Neurochem., 48: 1617-1623, 1987.

10. Pearse, A. G. E. The diffuse neuroendocrine system and the APUD concept:
related "endocrine" peptides in brain, intestine, pituitary, placenta and an-
uran cutaneous glands. Med. Biol., 55: 115-125, 1977.

11. Bradford, M. M. A rapid and sensitive method for the quantitation of

microgram quantities of protein utilizing the principle of protein-dye binding.
Anal. Biochem., 72: 248-254, 1976.

12. Kalo. K., Asai, R., Shimizu, A., Suzuki, F., and Ariyoshi, Y. Immunoassay
of three enolase isozymes in human serum and in blood cells. Clin. Chim.
Acta, 727: 353-363, 1983.

13. Nakane, P. K. Recent progress in peroxidase-labeled antibody method. Ann.
N. Y. Acad. Sci., 254: 203-211, 1975.

14. Laemmli, U. K. Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature (Lond.), 227: 680-685, 1970.

15. Tapia, E. J., Polak, J. M., Barbosa, A. J. A., Bloom, S. R., Marangos, P. J.,
Dermody, C., and Pearse, A. G. E. Neuron-specific enolase is produced by
neuroendocrine tumors. Lancet, 1: 808-811, 1981.

16. Haimoto, H., Takahashi, Y., Koshikawa, T., Nagura, H., and Kato, K.
Immunohistochemical localization of 7-enolase in normal human tissues
other than nervous and neuroendocrine tissues. Lab. Invest., 52: 257-263,
1985.

17. Abe, K., Kameya, T., Yamaguchi, K., Kikuchi, K., Adachi, I., Tanaka, M.,
Kimura, S., Kodama, T., Shimosato, Y., and Ishikawa, S. Hormone-produc
ing lung cancers. Endocrinologie and morphologic studies. In: K. L. Becker
and A. E. Gazdar (eds.), The Endocrine Lung in Health & Disease, pp. 549-
595. Philadelphia: W. B. Saunders, 1984.

18. Latterie, J. J., Coughlin, S. R., and Williams, L. T. Pertussis toxin-sensitive
pathway in the stimulation of c-mic expression and DNA synthesis by
bombesin. Science (Wash. DC), 234: 1117-1119, 1986.

19. Carney, D. N., Marangos, P. J., Ihde, D. C., Bunn, P. A., Cohen, M. H.,
Minna, J. D., and Gazdar, A. F. Serum neuron-specific enolase: a marker
for disease extent and response to therapy of small-cell lung cancer. Lancet,
/: 583-585, 1982.

20. Ishiguro, Y., Kato, K., Shimizu, A., Ito, T., and Nagaya, M. High levels of
immunoreactive nervous system-specific enolase in sera of patients with
neuroblastoma. Clin. Chim. Acta, 121: 173-180, 1982.

21. Zeltzer, P. M., Marangos, P. J., Parma, A. M., Sal lier. H., Dalton, A.,
Hammond, D., Siegel, S. E., and Seeger, R. C. Raised neuron-specific enolase
in serum of children with metastatic neuroblastoma. Lancet, 2: 361-363,
1983.

22. Ariyoshi, Y., Kato, K., Ishiguro, Y., Ota, K., and Sato, T. Evaluation of
serum neuron-specific enolase as a tumor marker for carcinoma of the lung.
Gann, 7*219-225, 1983.

23. Johnson, D. H., Marangos, P. J., Forbes, J. T., Hainsworth, J. D., Van
Welch, R., HÃ¤nde,K. R., and Greco, F. A. Potential utility of serum neuron-
specific enolase levels in small cell carcinoma of the lung. Cancer Res., 44:
5409-5414, 1984.

24. Haimoto, H., Takashi, M., Koshikawa, T., Asai, J., and Kato, K. Enolase
isozymes in renal tubules and renal cell carcinoma. Am. J. Pal hoi.. 124:488-
495, 1986.

25. O'Connor, D. T., Burton, D., and Deftos, L. J. Immunoreactive human

chromogranin A in diverse polypeptide hormone producing human tumors
and normal endocrine tissues. J. Clin. Endocrino!. Mi-tab.. 57: 1084-1086,
1983.

26. Walts, A. E., Said, J. W., Shintaku, I. P., and Lloyd, R. V. Chromogranin
as a marker of neuroendocrine cells in cytologie material: An immunocyto-
chemical study. Am. J. Clin. Pathol., 84:273-277, 1985.

27. O'Connor, D. T., and Bernstein, K. N. Radioimmunoassay of chromogranin

A in plasma as a measure of exocytotic sympathoadrenal activity in normal
subjects and patients with pheochromocytoma. New Engl. J. Med., 311:764-
770, 1984.

28. Sobol, R. E., O'Connor, D. T., Addison, J., Suchocki, K., Royston, I., and
Deftos, L. J. Elevated serum chromogranin A concentrations in small-cell
lung carcinoma. Ann. Intern. Med., 705:698-700, 1986.

5805

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/21/5800/2429118/cr0470215800.pdf by guest on 19 M

ay 2023


