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CORTICOSTATIC PEPTIDES
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Summary—In the last four years corticostatic (anti-ACTH) peptides have been isolated from
human, rabbit, guinea pig and rat tissues. These peptides do not act via the cAMP cell
signalling system but rather via the inhibition of the binding of ACTH to its receptor most
probably through direct competition with the 14-18 sequence of ACTH for receptor binding.
ACTH has specific high affinity receptors on adrenal cells but rabbit corticostatin I (CSI) has
high capacity, low affinity receptors which are competed for by unlabelled excess CSI but not
by excess ACTH. This indicates the presence of specific CSI adrenal cell receptors. The rabbit
pituitary, hypothalamus, thalamus, adrenals, lungs and placenta contain sizeable amounts of
immunoassayable CSI. Immunochemical localization of CSI indicates that it is present in the
large macrophages and in neutrophils in rabbit lung, in macrophages and “supporting”
endothelial cells in the spleen and in the adrenals in the cells of the zona reticularis. We have
also isolated and identified new peptides which contain 12 cysteines from immune cells of
humans, rats and a teleost, the carp. The functions of these peptides are now being determined.
This large family of peptides may have many other, yet unidentified functions but at present
we can only describe a small number of these.
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INTRODUCTION

There are several peptides which inhibit
steroid synthesis by the adrenal that need to be
discussed here. It is well known that atrial
natriuretic factor (ANF) inhibits aldosterone
synthesis in adrenal glomerulosa cells[1-4].
Transforming growth factor § (TGFp) inhibits
many cellular functions and is a very potent
inhibitor of steroid synthesis [5] as is fibroblast
growth factor [6-7] which stimulates adrenal
cell growth with a concomitant inhibition
of steroidosynthesis. Tumor necrosis factor «
(TNFa) has recently been shown to be an
inhibitor of steroid synthesis stimulated by
ACTH [8]. A septic shock factor has been
described from peritoneal exudates, which is
capable of inhibiting ACTH stimulated steroid
synthesis [9] and another such factor from
macrophages has also been reported [10]. The
latter factor may turn out to be TGFf.
Initially we isolated corticostatic (anti-
ACTH) peptides from rabbit fetal and adult
lung and from neutrophils [11-13] and then we
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went on to isolate a corticostatic peptide from
human neutrophils [14]. More recently we have
isolated several corticostatic peptides from the
rat and guinea pig and all of these are shown
in Table 1.

We have now isolated a 5th rat peptide and
2 additional guinea pig corticostatins but all of
these will be described in detail elsewhere. In
this paper we will discuss some of our more
recent findings concerning the biological action
of the corticostatins and the cellular localization
of the peptides.

EXPERIMENTAL

The methods used in this paper have all been
detailed elsewhere [11-14] and any additional
procedures will be referred to in the Results
section.

RESULTS

Figure 1 shows the Scatchard analysis [15]
of the binding of labelled ACTH,,, to rat
adrenal cells preincubated for 6h without
additions. The ligand used was diiodo-Tyr? and
not the monoiodo-Tyr® used by others. We
observed high affinity binding displaying a K|
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Table 1. Corticostatic peptides isolated from the rabbit, rat, guinea pig and human

EDy,
Corticostatic
Peptide Sequence Charge assay (nM)
CSI G-1-C-A-C-R-R-R-F-C-P-N-S-E-R-F-
S-G-Y-C-V-N-G-A-R-Y-V-R-C-C-S-R-R +8 25
CSII G-R-C-V-C-R-K-Q-L-L-C-S-Y-R-E-R-R-
1-G-D-C-I-R-G-V-R-F-P-F-C-C-P-R +8 125
CSIII V-V-C-A-C-R-R-A-L-C-L-P-R-E-R-R-
A-G-F-C-R-I-R-G-R-I-H-P-L-C-C-R-R +9 375
CSIvV V-V-C-A-C-R-R-A-L-C-L-P-L-E-R-R-
A-G-F-C-R-R-G-R-I-H-P-L-C-C-R-R +8 500
HP4 V-C-$-C-R-L-V-F-C-R-R-T-E-L-R-
V-G-N-C-L-I-G-G-V-8-F-T-Y-C-C-T-R-V +4 470
HPI A-C-Y-C-R-I-P-A-C-I-A-G-E-R-R-
Y-G-T-C-1-Y-Q-G-R-L-W-A-F-C-C +3 NA®
R1 A-C-Y-C-R-I-G-A-C-V-8-G-E-R-L-
T-G-A-C-G-L-N-G-R-I-Y-R-L-C-C +3 NA
R2 V-T-C-S-C-R-T-§-8-C-R-F-G-E-R-L-
S-G-A-C-R-L-N-G-R-I-Y-R-L-C-C +5 NA
R3 C-S-C-R-T-8-S-C-R-F-G-E-R-L-
$-G-A-C-R-L-N-G-R-I-Y-R-L-C-C +5 NA
R4 V-T-C-Y-C-R-R-T-R-C-G-R-R-E-R-L-
$-G-A-C-G-Y-R-G-R-I-Y-R-L-C-C-R-R +9 50
GPCS R-R-C-1-C-T-T-R-T-C-R-F-P-Y-R-R-
L-G-T-C-I-F-Q-N-R-V-Y-T-F-C-C +7 400
2Not active.

of 1.7 x 10~""M which is lower than the K,
reported by others[16] for the high affinity
binding component (K, 2.5 x 1071 M) for rat
adrenal cells. We than iodinated rabbit cortico-
statin I (CSI) and determined its specific binding
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Fig. 1. Scatchard plot of the binding data of ACTH
receptor. The adrenals were obtained from male Sprague-
Dawley rats weighing 200-250 g and were enzymatically
dispersed with collagenase and DNase as described pre-
viously [13]. The cell suspensions were pre-incubated at 37°C
for 6 h in an atmosphere of 5% CO, and 95% O,. At the
end of incubation, the cells were washed once and 100 ul
aliquots of cell suspension containing 1.2 million cells were
coincubated with 150 ul of iodinated ligand or iodinated
ligand and other unlabelled ligands for 2h at 27°C in
an atmosphere of 5% CO, and 95% O,. The iodinated
ligand used in this experiment was [2I-3, 5 Tyr®, Phe?,
Nle*]-ACTH,_,, which had been purified by RP-HPLC and
fully characterized after iodization by the lactoperoxidase
method. The radioactivity was estimated to be 4000 Ci/mmol
by using chromatography and the displacement assay. Non-
specific binding was measured in the presence of 500 times
excess cold ACTH. The bound and free radioactivity were
separated by a gradient centrifugation at 4°C as described
previously [13]. The assay was carried in triplicates for total
binding and duplicates for non-specific binding. Data shown
are averages for specific binding.

capacity to its receptor in rat adrenal cells and
the results are shown in Fig. 2.

It is obvious from this data that specific
high affinity binding could be demonstrated
for ACTH and for CSI only after polylysine
saturation of the non-specific sites. It was found
that the CSI binding capacity was 120-fold
greater than the ACTH binding capacity to
its receptor. We could also demonstrate that
CSI binding could be readily displaced by a
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Fig. 2. Specific of CSI binding to rat adrenal cell receptors.
The adrenal cells were prepared in the same way as de-
scribed in Fig. 1. After pre-incubation at 37°C for 2h in an
atmosphere of 5% CO, and 95% O,, the cell suspension was
washed once and resuspended in the same buffer containing
10 uM of 4K polylysine (Sigma, St Louis, MO). At the end
of a further 2h incubation, 200 ul of increasing concen-
trations of CSI were added and coincubated for 30 min at
30°C first, and this was followed by coincubation with 50 ul
of 270,000 cpm iodinated CSI (about 100 pM). The iodi-
nated CSI used in this experiment was [31-Tyr'®, 31 Tyr?]-
CSI which had been purified by RP~-HPLC after iodination
by the lactoperoxidase method. The bound and free radio-
activity were separated by gradient centrifugation at room
temperature. The assay was carried out in quadruplicate.



Corticostatins

CSI Receptor assay

z6r v
3 s L « Without CSI -
) o With 500-fold o
< 4+ excess CSI ///
o -7
3
‘S o -
el / el
> //
b
(&) ”
- I 1 1 I L 1 J
[os)
0 1 2 3 4 5 6 7

[%s]cst (am)

Fig. 3. The experiment was carried out as described in
Fig. 2, except that polylysine was not used.

large excess of unlabelled CSI (Fig. 3). By
contrast CSI binding was not displaced by a
250-fold excess of unlabelled hACTH (Fig. 4).
It therefore appears that the CSI binding
receptor is specific for CSI and is not displaced
by a large excess of ACTH even though we
are not dealing with high affinity CSI binding
sites.
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Fig. 4. The experiment was carried out as described in
Fig. 2. Binding was measured in the presence of 250-fold
excess hACTH and polylysine was not used.

We have been doing a considerable amount
of work in recent months on the tissue distri-
bution and cellular localization of CSI in a
variety of fetal, maternal and adult rabbit
tissues and the cell types therein. Figure 5
shows that of the brain tissues studied the
pituitary, hypothalamus and thalamus of the
pregnant rabbit contain large amounts of CSI

Hypothalamus
N=5

@_mr_ml_

Thalamus
Na=5

1

30 Non-preg

i/

Gestational days

Fig. 5. Quantitation of CSI in brain tissues using a specific RIA. The pituitary, hypothalamus, pons
oblongata, thalamus, cerebellum, cerebrum and corpus callosum were dissected from the brain immedi-
ately after the rabbits were sacrificed with an overdose of sodium pentobarbital (100 mg/kg given i.v. very
rapidly). The tissues were frozen on dry ice and stored at —80°C. The fetal organs from 1 pregnant rabbit
were pooled. The tissues were extracted twice with acidic extraction medium (1 M HCI, 5% formic acid,
1% NaCl, and 1% TFA). The peptide fractions were concentrated by using C,; Sep-Paks, and eluted with
80% acetonitrile containing 0.1% TFA. CSI was purified partially by 1 RP—-HPLC purification step prior
to quantitation by RIA. Vertical bars represent the SE.
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Fig. 6. See legend of Fig. 5.

on days 24, 27 and 30 of gestation. It was noted
that the maternal pituitary, hypothalamus and
thalamus had the highest amounts of im-
munoassayable CSI. The adult pituitary and
hypothalamus also had very large amounts of
CSI. The pons oblongata contains little CSI

as did the cerebellum, cerebrum and corpus
callosum (Fig. 6).

We then turned to examine the CSI content
of the adrenal, lung and placenta during ges-
tation in the rabbit (Fig. 7). It can be seen that
the rabbit adrenal has large quantities of CSI
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Fig. 7. The adrenals were collected and CSI was quantitated in the same way as described in the legend
to Fig. 5.
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CSl in rabbit lung
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Fig. 8. The lungs were collected and CSI was quantitated by RIA in the same way as described in
Fig. S.

mainly in the fetal adrenal and these titres fall
from day 24 until term while the maternal
adrenal contains considerably less peptide. In
contrast, the rabbit fetal lung has small amounts
of CSI on day 24 of gestation but the amounts
increase on days 27 and 30 (Fig. 8). In the
maternal lung, much larger amounts of CSI are
observed and on day 30 of gestation the values
found are close to the very large titres seen in the
non-pregnant adult lung (Fig. 8). The placenta
contains smaller amounts of CSI (Fig. 9) with
the concentration of peptide increasing towards
term.

We then examined the cellular localization of
CSI using an immunoperoxidase cytochemical
technique [17]. The results for lung and spleen
are shown in Fig. 10. Whereas tissue sections
incubated with the specific CSI antiserum show
numerous heavily stained cells [Figs 10(A) and
(C)] no staining was observed in any of the
control sections [Figs 10(B) and (D)]. It appears
that CSI in the lung is abundant in large macro-
phages (mainly internal alveolar) and in large
but not small premonocyte-like cell [Fig. 10(A)].
We have also seen CSI in lung neutrophils (data
not shown). In the spleen [Fig. 10(C)] there
are numerous heavily stained cells which are
macrophages; there are also cells which contain
CSI which seem to be larger than lymphoid cells
and are presumably ‘‘supporting” epithelial
and monocytic cells [Fig. 10(A)]. Using this
immunocytochemical technique we were able
to localize CSI in adrenal cortical cells, largely

in the zona reticularis of the rabbit adrenal
(manuscript in preparation). We are now exam-
ining other tissues, particularly the brain and
placenta.

In addition to the corticostatic peptides iso-
lated from the rabbit, rat, human and guinea
pig shown in Table 1 we have isolated a group
of related peptides shown in Table 2. They
contain 12 cysteines, but unlike the cortico-
statins they are not basic. They are not cortico-
static in that they do not inhibit ACTH
stimulated corticosterone synthesis. The rat and
human peptides have greatest homology. The
sequence of the human peptide and the amino-
terminal portion of the carp homolog are shown
in Table 2. The rat peptide has been partially
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Fig. 9. CSI in the rabbit placenta on day 24, 27 and 30 of
gestation was extracted and quantitated by RIA in the same
way as described in Fig. 5.
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Fig. 10. Immunoperoxidase localization of CSI in tissue sections of the lung (A) and spleen (B). (A) and
(B) were incubated with specific antisera to CSI [13] and the antibodies bound to the tissue sections were
revealed by immunoperoxidase using the avidin-biotin system. Note in (A) numerous cells that are heavily
stained (—). In the spleen (C), note heavily stained cells (—); these are generally larger than the lymphoid
cells (ly) which are unstained and are presumably “‘supporting” epithelial cells. (B) Lung section incubated
with pre-immune antisera. (D) Spleen section incubated with the CSI antisera previously absorbed with
pure CSI. In both cases no specific staining is observed. All preparations were counterstained with 0.1%
methylene blue to distinguish cell morphology. Bar—20 um.

sequenced and within the first 25 residues only
differs from the human peptide in having a
glutamic acid at position 1, a leucine at position
6, an asparagine residue at position 20 and a
threonine residue at position 21. The carp pep-
tide was isolated from the spleen, the rat peptide
from bone marrow cells and the human peptide
from neutrophils. There is no doubt that these
ubiquitously distributed peptides which we have
named the granulins [18] and which we isolated
from leukocytes are abundant in cells of the
immune system.

DISCUSSION

A large number of cysteine- and arginine-rich
peptides have now been isolated from human,
rabbit, rat and guinea pig tissues and immune
cells (Table 1). It is clear that HP4, the human
corticostatic peptide, is derived from neutro-

phils, but then we obtained the surprising
finding that CSI is localized to the large macro-
phages in the lung and spleen (Fig. 10). We have
previously isolated CSI from rabbit neutrophils
obtained from peritoneal exudates[12]. It is
evident that the possibility exists that all of
these numerous peptides are formed during
monocyte differentiation into granulocytes
and macrophages. Lung macrophages have a
10% and spleen macrophages have a 75%
content of class II major histocompatibility
complex (MHC) [19]. In the lung, macrophages
trap inhaled particles and may be defective
in some membrane proteins. In the spleen
macrophages are very heterogeneous as
shown by studies using cell surface markers
and here they function as antigen presenting
cells (APCs) and may be critical for responses
to thymus-independent antigens. How CSI
and other corticostatins function in macro-
phages within the tung and spleen is presently
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Table 2. Cys 12 peptides

-Asp-Val-Lys-Cys-Asp-Met-Glu-Val-Ser-Cys-Pro-Asp-Gly-Tyr-
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Human

Rat -Glu- -Leu-

Carp -Val-lle-His-Cys-Asp -Ala-Ala-Thr-Ile-Cys-Pro-Asp-Gly-Thr-
Human  -Thr-Cys-Cys-Arg-Leu-Gln-Ser-Gly-Ala-Trp-Gly-Cys-Cys-Pro-
Rat -Asn-Thr

Carp -Thr-Cys-Cys-Leu-Ser -Pro-Tyr-Gly-Val-

Human  -Phe-Thr-Gln-Ala-Val -Cys-Cys-Glu-Asp-His-Ile-His-Cys-Cys-
Rat

Carp

Human  -Pro-Ala-Gly-Phe-Thr -Cys-Asp-Thr-GlIn-Lys-Gly-Thr-Cys-Glu-
Rat

Carp

not known. The possible interactions of the
corticostatins in the immune-hypothalamic-
adrenal system has recently been explored by
us [20].

We have previously found that corticostatic
peptides do not act at the level of the cAMP
cell signalling system, but rather to inhibit
ACTH binding [13]. The inhibition of binding
was limited to amino acids 14-18 of ACTH,
the so-called “address™ region of the molecule
[13]. We have been able to establish that our
rat adrenal cells contain high affinity binding
sites for ACTH (Fig. 1) that are about 10 times
lower than published values[16]. This can be
explained by the fact that we used diiodo-Tyr*
labelled ACTH which gives a very high specific
activity agonist for the binding assay. High
affinity corticostatin I receptors can be demon-
strated only after non-specific sites are saturated
with polylysine (Fig. 2). The concentration of
polylysine used did not increase corticosterone
production by rat adrenal cells. This binding
is competed for by excess CSI (Fig. 3) but
not by excess unlabelled ACTH (Fig. 4), point-
ing to the possibility that CSI has its own
specific binding protein on the adrenal cell
which may be distinct from the corticotropin
receptor.

It is not surprising that adult, fetal and
maternal lung have the largest concentrations
of immunoassayable CSI (Fig. 8) as the lung
contains a lot of macrophages and neutrophils
in the airways and this peptide has been local-
ized to the particles in the lung (Fig. 10). The
rabbit adrenal has CSI localized to the cells of
the zona reticularis. The fetal and maternal
adrenals have not as yet been examined. Neither
have we localized CSI to cells in the brain. Such
studies are now in progress.

The family of cystine 12 peptides are now
being investigated as are their biologic functions
and will be the topic of future publications.
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