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Renin and Angiotensin: The Complete System Within the

Neuroblastoma X Glioma Cell

Abstract. Cells of the homogeneous hybrid line neuroblastoma X glioma (NGI108-
15) have many neuronal properties. Immunocytochemical tests show that they
contain both immunoreactive renin and angiotensin; direct radioimmunoassays
show that they are positive for renin, angiotensin I, and angiotensin II; enzymatic
assays show that they contain angiotensinogen and converting enzyme as well. The
renin appears to be present in an enzymatically inactive form that can be activated
by trypsin and then blocked by antiserum to purified mouse submaxillary renin.
Renin concentration and activity are increased by enhancing cellular differentiation
with dibutyryl cyclic adenosine monophosphate or by serum withdrawal. These
findings demonstrate a complete renin-angiotensin system within these neuron-like
cells, and suggest that activation of intracellular renin could generate angiotensin I1.

The peripheral renin-angiotensin sys-
tem is integral to blood pressure control
and extracellular fluid volume homeosta-
sis (I). The active hormone angiotensin
IT is generated within the circulation by
sequential cleavage by renal renin of
liver-derived angiotensinogen to form
angiotensin I, and subsequent conver-
sion of angiotensin I to angiotensin II by
converting enzyme. Several lines of evi-
dence suggest the possibility of a sepa-
rate renin-angiotensin system intrinsic to
the central nervous system (2-5). Exoge-
nous administration of renin, angiotensin
I, or angiotensin II into the brain ventri-
cles raises blood pressure, stimulates
drinking, and releases antidiuretic hor-

mone and adrenocorticotropin 2, 6). Re-
nin enzymatic activity, and renin and
angiotensin immunoreactivity have been
demonstrated in several regions of the
brain (4, 5). It is not known whether
neural tissue generates renin and angio-
tensin, or rather utilizes the components
synthesized within kidney and liver.
Also unknown is whether the renin-angi-
otensin cascade is completed within the
circulation of the brain and then the
products absorbed by neural tissue or
whether some of the steps in angiotensin
II generation can be completed within
the nerve cells.

We have investigated a homogeneous
cell line in tissue culture, the neuroblas-

toma X glioma (NG108-15) cell, as a
possible model for understanding the re-
nin-angiotensin system in neurons. Be-
cause of their nervelike properties these
cells have proved helpful in investiga-
tions of neurotransmitter synthesis, syn-
apse formation, and membrane excitabil-
ity (7). We report here that they contain
antigenic renin that must be activated in
order to allow angiotensin I to be gener-
ated. They also contain a renin sub-
strate, converting enzyme, angiotensin I,
and angiotensin II, suggesting that the
complete renin-angiotensin cascade may
be completed within a single cell.

Cells of the NG108-15 line of mouse
neuroblastoma X rat glioma were grown
and passaged in Dulbecco’s modification
of Eagle’s minimum essential medium,
supplemented with 5 percent fetal bovine
serum, 1 X 107%M hypoxanthine, ! X
1070 aminopterin, and 1.6 X 107°M
thymidine. For radioimmunoassay, cells
were washed three times with phos-
phate-buffered saline, sonicated for 9
seconds on ice, and immediately frozen
in phosphate-buffered saline in a bath
containing acetone and dry ice. The ra-
dioimmunoassay and immunocytochem-
istry for renin were performed with rab-
bit antibody to pure renin from mouse
submaxillary gland. This renin was puri-
fied by the method of Cohen et al. (8)
and appeared as a single band on both
sodium dodecyl sulfate (SDS) and poly-
acrylamide gels. Its biochemical similar-
ity to renal renin has been established
(9). The direct renin radioimmunoassay
was developed according to the method
of Michelakis er al. (/0) with iodination
by the chloramine-T method. Sensitivity
was 50 pg. Angiotensin I and angiotensin
II radioimmunoassays were performed
by the methods of Poulsen and Jorgen-
sen (/1) and Nussberger ef al. (12), re-
spectively.

Table 1. All components of the renin-angiotensin system are located in the NG108-15 cell. Only trace amounts of angiotensin I were generated
before the cells were exposed to trypsin; the levels reported are those obtained after the cells were trypsinized by the method of Cooper et al.
(21). Trypsinization was terminated after 20 minutes by soybean trypsin inhibitor. Control cells exposed to trypsin that had previously been
mixed with inhibitor showed no activity. The values shown here were obtained without the addition of exogenous substrate; values were
comparable with its addition. Antibody inhibition experiments were performed with the antiserum diluted 1:1000. The radioassay for converting
enzyme was performed with [PH]Hip-Gly-Gly used as substrate and ethyl acetate used for extraction at pH 8.0. In each case the converting
enzyme inhibitor SQ 14,225 (107*M) blocked the converting enzyme activity of the cells. Cells were exposed to dibutyryl cyclic AMP (1 mM) in

serum-containing medium for 4 days. Each assay was performed in duplicate and is reported as

+ 1 standard deviation; N is the number of

independent assays. The symbol (+) indicates that angiotensin [ could be generated without exogenous substrate.

Renin

Converting enzyme

Angio-
Concentra- Inhibition Sub- tensin 11 - Inhibition
Group tion (N = 2) Activity* by strate (N=12) Acn_wty by 1073 M
(pg/mg (N=4) antibody (N =4) (fmole{mg (N = 3) SQ 14,225
protein) ) protein) (U/mg) )
Control 34 £ 10 200 * 30 87 + 62 = 5 5.5+0.1 91
Serum-free 132 = 25 1000 = 30 90 + 32+3 5.5 +=0.1 88
Dibutyryl cyclic AMP Not tested 300 = 20 92 + 99 + 2 5.8+ 0.1 96

*Measured as picograms of angiotensin I per milligram of protein per hour.
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The radioimmunoassay for angioten-
sin I was performed after the cells were
incubated for 3 hours at 37°C, pH 7.4, in
the presence of EDTA (Mallinckrodt), N-
ethylmaleimide (Sigma), 8-hydroxyquin-
oline (Eastman), diisopropylfluorophos-
phate (Sigma), dimercaptol (Sigma), and
SQ 14,225 (Squibb), each at 10>M. The
sensitivity was S pg. The radioimmuno-
assay for angiotensin II included EDTA
(2.6 mM), phenylmethylsulfonylfluoride
(1 mM), tris (0.2M), and bovine serum
albumin (0.2 percent), and was per-

formed at pH 7.5; sensitivity was 5
fmole. Rabbit antiserum to [Val*]angio-
tensin II, which cross-reacts with
[lle>]angiotensin II, was used for immu-
nocytochemistry (/3). Immunoreactive
renin and angiotensin II were detected
by the indirect peroxidase-antiperoxi-
dase method (/4) after the cells were
washed in buffer and fixed with 3.6 per-
cent Formalin for 40 minutes.

The distribution of renin and angioten-
sin within the NG108-15 cells, as shown
by immunocytochemistry, is illustrated

' 4
)

Cﬂ i & N.e _ 9 @"

——

Fig. 1. (A) Immunoreactive renin and (B) immunoreactive angiotensin II in sister cultures of
NG108-15 cells. The immunoperoxidase technique was performed by incubating the cells with
primary antiserum at 4°C for 12 hours. Reaction products are distributed throughout the
cytoplasm, within cell bodies and processes. (C and D) Controls for specificity showing absence
of staining when antibodies are preabsorbed with the respective antigens: (C) 1 ml containing
antibody (1:400 by volume), and renin previously incubated with 100 ug of purified renin, and
(D) 1 ml containing antibody (1: 800 by volume), and angiotensin II previously incubated with 40
ug of synthetic [Ile’]angiotensin II. (Scale bar, 50 pm.)
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in Fig. 1, along with control plates on
which the antibody had been preab-
sorbed with purified mouse submaxillary
gland renin or synthetic angiotensin II
(Beckman), respectively. Nearly every
cell contains immunoreactive renin and
immunoreactive angiotensin; there is no
evidence for restriction of the distribu-
tion of either to soma or processes.

To confirm this observation, we mea-
sured renin, angiotensin I, and angioten-
sin II by radioimmunoassay. The results
are shown in Table 1. The amount of
renin the NG108-15 cells contain (ap-
proximately 34 pg per milligram of pro-
tein) is comparable to that reported in
several areas of the brain (2, 4). Only
trace amounts of angiotensin I are identi-
fied in the sonicated cells when they are
incubated at 37°C either with or without
the addition of exogenous substrate. By
contrast, after trypsinization the cells
contain approximately 200 pg of angio-
tensin I per milligram of protein per
hour. This generation of angiotensin I is
completely inhibited by antiserum to
pure renin from mouse submaxillary
gland. The cells contain approximately
60 fmole of angiotensin II per milligram
of protein. No renin activity is found in
control baby hamster kidney (BHK)
cells, with or without exogenous sub-
strate before or after trypsinization, nor
is angiotensin II detected in them.

To address the possibility that the re-
nin and angiotensin II might have been
derived from the fetal calf serum in the

~ medium, cells were grown in a defined

serum-free medium (/5) for 1 week.
These cells still contain antigenic renin,
trypsin-activated renin activity, angio-
tensin II, and converting enzyme (Table
1). Renin concentrations are increased
over control values, as measured both by
direct radioimmunoassay and by the as-
say for enzymatic activity. Serum with-
drawal has been shown to enhance mor-
phological and electrophysiological dif-
ferentiation in neuroblastoma cells (/6).
Dibutyryl cyclic ‘adenosine monophos-
phate also induces this type of differenti-
ation (/7), and also causes an increase in
renin activity without inducing any obvi-
ous changes in the cellular distribution of
renin as revealed by immunocytochemis-
try.

Other components that would be need-
ed to generate angiotensin II within the
cell are renin substrate and converting
enzyme. Since angiotensin I is generated
without the addition of exogenous sub-
strate, it is apparent that the cells contain
an angiotensinogen. Converting enzyme
was measured by radioassay with
[*H]Hip-Gly-Gly being used as the sub-
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strate (Ventrex Laboratories) and the
presence of the enzyme confirmed by
inhibition with the converting enzyme
inhibitor SQ 14,225 (Table 1).

Thus these cells contain all of the
components of the complete renin-angio-
tensin system. Renin appears to be pres-
ent in an inactive form. Although some
investigators equate trypsin-activated re-
nin with prorenin (4), the possibility that
it represents renin bound to a protein
inhibitor (/8) cannot be excluded entire-
ly. Inactive renin in plasma can be acti-
vated in vitro by exposure to an acid pH
or to a variety of proteolytic enzymes
including trypsin, kallikrein, and nerve
growth factor (19). However, it is not
established that this activation occurs in
vivo. Similarly, the nature of this inac-
tive renin and its endogenous mechanism
of activation remains unknown. NG108-
15 cells, a line of relatively homogeneous
cells that express many properties of
differentiated neurons, may prove useful
in studies of the control of synthesis,
secretion, and mechanism of action of
renin and angiotensin within the nervous
system.

The widespread presence of all com-
ponents of the renin-angiotensin system
in brain suggests that the role of this
system may encompass more than blood
pressure and volume regulation. The po-
tential linkage of renin and angiotensin to
processes of neuronal excitation (20) re-
mains unexplored. It is possible that the
entire renin-angiotensin cascade can be
completed within a single nerve cell, and
that control of the activation of intracel-
lular renin might be a regulatory step in
this pathway.
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Both . and 5 Opiate Receptors Exist on the Same Neuron

Abstract. Low concentrations of the relatively selective opiate receptor agonists
dihydromorphine and normorphine (. receptor agonists) and p-Ala’-p-Lew’-enkeph-
alin (a & receptor agonist) were applied to single enteric neurons while the frequency
of action potential firing was recorded. Most neurons that were inhibited by the
agonists were also inhibited by the & agonist, but the two receptors could be
distinguished by the higher concentration of naloxone required to antagonize the §
agonist. The results indicate that enteric neurons bear both . and 3 receptors and
that cell firing is inhibited if either receptor type is activated.

Plant opiates, synthetic opiate-like
drugs, the naturally occurring opioid
peptide enkephalin, and many enkepha-
lin analogs all bind to a limited number of
sites on neuronal membranes (/-3).
Studies of the displacement of labeled
ligands by unlabeled ligands (3, 4) and
experiments in which binding site alkyl-
ation is prevented by prior exposure to

an unlabeled ligand (5, 6) have provided
convincing evidence  that two binding
sites can be distinguished. Pharmacolog-
ical experiments also indicate two dis-
tinct sites, termed p and & receptors (3).
The existence of two types of opiate
receptors raises the question of whether
they are borne by discrete neuronal pop-
ulations and whether the functional con-

Naloxone (1 nM M
i~ DHM DADLE ¢ S \\\) s (an‘\)\“
T - —_ — - — ] | o
~
>
(4]
c
.3
-
o
o
&
]
£ 1
e 0 20 40 60 80 100
Time (min)

Fig. 1. Inhibition of neuronal firing by DHM (10 nM) and DADLE (I nM). Binding studies
carried out on membrane homogenates in tris buffer indicate that the ligands bind to distinct
sites at these concentrations (8). Both agonists caused approximately equal but submaximal
depression of firing. Naloxone (1 nM) completely prevented the effect of DHM but had little
effect on the inhibition due to DADLE. A slightly higher concentration of naloxone (3 nM)
largely prevented the effect of DADILE. Both agonists again inhibited cell firing after washout of
the naloxone. The control firing rate of this neuron slowly declined during the 2-hour recording

period.
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