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Abstract—The synthetic ACTH-like decapeptide H-Val-Lys-Lys-Pro-Gly- Ser-Ser-Val-Lys-Val-OH, correspond-
ing to amino acid residues 11-20 of the variable part of the human IgGl heavy chain (referred to as im-
munocortin) was found to have an immunosuppressive effect on cells in vitro: it inhibits blast transformation
of mouse thymocytes and reduces spontaneous motility of mouse peritoneal macrophages as well as their
bactericidal activity against the virulent bacterial strain Salmonella typhimurium 415. Tritium-labeled immu-
nocortin binds with high affinity to ACTH receptors on thymocytes and macrophages (K, 2.1 and 2.5 nM,
respectively) and activates adenylate cyclase in these cells. Thus, the interaction of immunocortin with the
target cell includes the following main steps: binding to the receptor, activation of adenylate cyclase, and

elevation of the intracellular content of cAMP.

Key words: adrenocorticotropic hormone (ACTH), immunoglobulin G (IgG), peptides, receptors, adenylate
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In the early 1980s immobilized antibodies to
adrenocorticotropic hormone (ACTH) and -
endorphin were studied as possible affinity adsorbents
for isolation of the hormones from human placenta
extract [1]. A 50-kD polypeptide was isolated, and it
was found to be a heavy (H) IgG chain. Further study
led to the discovery of sequences homologous to
ACTH and B-endorphin in the H-chain. The fragment
364-377 of the constant part of the IgG H-chain
(SLTCLVKGFYPSD) was homologous (40%) to a -
endorphin antigenic determinant (KSQTPLVT-
LFKNALIKN), and fragment 9-22 of the variable part
of the IgG1l H-chain (AEVKKPCSSVKVSC) was
homologous (36%) to ACTH amino acid sequence 11-
24 (KPVGKKRRPVKVYP). An artificial peptide (14
amino acid residues long) corresponding to the -
endorphin-like sequence of IgG was synthesized and
found to interact with opioid receptors on rat brain
cells [2].

* To whom correspondence should be addressed.

We synthesized the ACTH-like decapeptide (H-
VKKPGSSVKV-OH) corresponding to amino acid
sequence 11-20 of the variable part of the human IgGl
H-chain (referred to as immunocortin). We showed that
it binds with high affinity to ACTH receptors and
activates adenylate cyclase of murine brain synaptic
membranes [3].

The purpose of the present study was to investigate
the effect of immunocortin on the activity of immuno-
competent cells in vitro.

MATERIALS AND METHODS

Inbred CBA mice (16-18 g) and randomly bred
white rats (200-250 g) were used for experiments.

The chemicals used in this study were: concanava-
lin A (Con A) from Pharmacia (Sweden); L-glutamine
and Hepes from Flow (USA); penicillin and strepto-
mycin from Gibco (USA); agarose, saccharose, BSA,
EDTA, EGTA, Tris, and phenylmethylsulfonyl fluo-
ride (PMSF) from Serva (Germany); scintillator Unisolv
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100 and [methyl-’H]thymidine (76 Ci/mmole) from
Amersham (England); Al,O; according to Brockman I1
from Reanal (Hungary). Other chemicals were chemi-
cally pure or especially pure grade.

199 medium (Central Scientific Research Institute
of Vaccines and Sera, Moscow, Russia) and RPMI-1640
(Serva, Germany) were used for cell cultivation.

Immunocortin and ACTH fragments were synthe-
sized as described previously [3] using activated esters.
The peptides were purified by HPLC on a Zorbax ODS
column (4 x 150 mm, 5 pm particle size) with a linear
gradient of aqueous acetonitrile (95%) in 0.2%
trifluoroacetic acid (10-25%, 20 min, 1 ml/min flow rate).
The content of the main substance was assessed by
measuring the absorbance at 220 nm. The molecular
masses of the peptides were determined by mass
spectrometry.

PH]Immunocortin (9.6 Ci/mmole) was obtained at
the Institute of Molecular Genetics of the Russian
Academy of Sciences.

The virulent strain of Salmonella typhimurium 415
with typical morphological and functional properties
was used in this study. The LDy, was approximately
100 bacterial cells injected intraperitoneally into white
mice. S. typhimurium was grown in Hottinger’s broth
for 4-6 h at 37°C, then transferred to beef-extract agar
and incubated at 37°C for 18 h.

The effect of immunocortin on mouse thymocyte
blast transformation in vitro was assayed as in [4]. Each
well of a 96-well microtiter plate contained 100 pl
thymocyte suspension isolated from 3-4-week-old mice
(500° cells/ml), 50 pl Con A (2 pg/ml), and 100 pl
immunocortin solution of known concentration. The
cultures in 3-4 replicates were used for each experimen-
tal point. The following samples served as controls:
without Con A (a); with peptide, without Con A (b);
with Con A, without peptide (c). The reaction mixture
was incubated for 72 h at 37°C in 5% CO,. After 60 h
each well was pulsed with 1 pCi [methyl-’H]thymidine.
When incubation was terminated the reaction mixture
from each well was filtered separately and rinsed with
100-fold excess of physiological solution. Radioactivity
on filters was measured in a Minibeta 1211 liquid
scintillation counter (LKB, Sweden). The reaction
medium was RPMI 1640 supplemented with glutamine
(2 mM), streptomycin and penicillin (100 pg/ml each),
Hepes (20 mM), and heat-inactivated (56°C, 30 min)
fetal calf serum (5%).

Mouse peritoneal macrophages were isolated and
cultivated as in [5]. Phagocytic activity of macrophages
was estimated according to our published procedure
[6]. Macrophage monolayers on cover glasses were
cultivated in sterile test tubes in 199 medium supple-
mented with streptomycin and penicillin (100 pg/ml
each) and inactivated fetal calf serum (5%) at 37°C.
After 24 h, macrophages were infected with 199 me-
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dium supplemented with serum and S. typhimurium 415
(10® bacterial cells/ml final concentration). After 2 h
the contact between the bacteria and macrophages was
interrupted by replacing the infection medium with fresh
medium supplemented with antibiotics. To prevent the
recapture by other phagocytes of bacteria released from
broken phagocytes, the culture medium was replaced
with fresh medium every 2 h. The macrophages on cover
glasses (in triplicate for every time point, at 1, 2, 4, 6,
7, and 24 h) were fixed in methanol for 7 min. Then
the preparations were stained with 0.1% aqueous azure
II eosinate for 5 min. Cells (300 per cover glass) were
examined using a light microscope (magnification
x1350) and analyzed for the following parameters:
phagocytic activity (PA), the percentage of macrophages
participating in phagocytosis; bacterial cytocidal activ-
ity (BCA), the percentage of phagocytes destroyed by
intracellular bacteria; and phagocytic number (PN), the
average number of bacteria per macrophage.

Macrophage motility was estimated by a mi-
cromethod for determination of spontaneous migration
of mononuclear phagocyte lineage cells from an agarose
drop [7]. Agarose solution (0.4%) was prepared as
follows: 20 mg agarose was added to 3 ml 199 medium,
melted in a boiling water bath, and cooled to 60°C.
The solution was then mixed with 1.5 ml heat-inacti-
vated fetal calf serum and 0.5 ml 199 medium supple-
mented with all necessary ingredients so that the result-
ing agarose solution contained 10 mM Hepes and
50 pg/ml each of streptomycin and penicillin. A mac-
rophage suspension in 199 medium (10° cells/ml) was
added to an equal volume of agarose and the mixture
was heated to 37°C. The cell suspensions in agarose
were put in flat-bottom plates (1 pl per well) and
incubated at 4°C for 15 min. When the agarose con-
gealed, 200 pl 199 medium supplemented with 10 mM
Hepes, streptomycin and penicillin (50 pg/ml each), fetal
serum (15%), and immunocortin (10°-10° M) was
added to each well. The plates were incubated for 18-
20 h at 37°C in 5% CO,. Macrophage motility was
assessed microscopically as follows: the diameter of the
cell migration zone was determined using a micrometer
and migration index (MI) was estimated from the
equation:

MI = (1 — migration zone diameter in experiment/
migration zone diameter in control) x 100%.

Binding of [’H]immunocortin to mouse thymocytes
and peritoneal macrophages was assayed in 199 me-
dium supplemented with Hepes (25 mM), NaN; (20 mM),
and PMSF (0.6 mg/liter) as follows: 100 pl labeled
peptide (concentration range 10 '°-10”7 M) and 100 ul
medium (total binding) or unlabeled peptide (nonspe-
cific binding) were put together with 800 pl cell sus-
pension (107 cells/ml) into siliconized test tubes and
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incubated at 4°C for 1 h. The reaction mixture was
then filtered through fiberglass filters GF/B (Whatman,
England) to separate the labeled cell-bound peptide.
Filters were rinsed three times with 5-ml volumes of
ice-cold 25 mM Hepes, pH 7.4. Radioactivity of filters
was counted using the Minibeta 1211 liquid scintilla-
tion counter. Nonspecific binding was measured in the
presence of 0.1 mM unlabeled immunocortin.

Binding of ['H]immunocortin to plasma membranes
isolated from thymocytes and macrophages was car-
ried out in 25 mM Hepes, pH 7.4, supplemented with
PMSF (0.6 mg/liter) at 4°C for 40 min. The protein
concentration in the reaction mixture (I ml) was
0.5 mg/ml. Nonspecific binding of [’H]immunocortin
was assessed in the presence of 0.1 mM unlabeled
peptide. Further procedures—filtration, counting of ra-
dioactivity, and data processing—were carried out as
described above. Plasma membranes of freshly isolated
thymocytes and macrophages were obtained as de-
scribed in [8]. Protein concentration was determined by
the Lowry method [9] using BSA as the standard.

To determine the parameters of labeled
immunocortin specific binding to the receptors, i.e., the
equilibrium dissociation constant K, binding capacity
n (number of receptors per cell), and B,,,, (maximum
binding capacity per mg membrane protein), the pro-
files of the ratio between bound (B) and free (F) labeled
immunocortin molar concentrations as a function of
bound labeled peptide (B) were plotted. Binding capac-
ity (n) was estimated from the equation:

n = (R, OAvogadro’s number)/cell number per liter,

where R, is the molar concentration of receptors [10].

The ability of ACTH (13-24) to compete with
immunocortin for the receptors was assessed by plotting
curves of inhibition of 10 nM ['H]immunocortin-specific
binding to thymocytes and macrophages by increasing
concentrations of unlabeled ACTH (13-24), somatostatin,
and ACTH (4-10) (concentration range 10 '>-10* M).
Receptor binding assay and all subsequent procedures
were carried out as described above. Inhibition constant
K; was calculated from the equation [11]:

K; = ICs/(1 + [LVKy),

where 1Cs, value was determined from the curve, [L]
is the molar concentration of labeled ligand, and K,
is equilibrium dissociation constant of labeled ligand-—
receptor complex.

Adenylate cyclase activity was determined as in [12]
using [0-"’P]JATP. The reaction mixture contained:
40 mM Tris-HCI, pH 7.4, 50 uM ATP, 4 mM cAMP,
12 mM phosphoenolpyruvate, and 2 pg/ml pyruvate
kinase. [a-""P]ATP (200,000-500,000 cpm) in 50 pl me-
dium and 50 pl test substance or an equal volume of
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buffer (control) were put into conical siliconized glass
test tubes residing in an ice-cold water bath. The test
tubes were transferred to a thermostat and incubated
at 34°C for 45 min. The reaction was terminated by
adding 100 pl 0.5 N HCI. The test tubes were then put
into a boiling water bath for 15 min, then transferred
to an ice-cold bath and supplemented with 100 pul 1.5 M
imidazole. The content of each test tube was passed
through a separate column filled with 1 cm’ Al,O,
according to Brockman II and rinsed with 5 ml dis-
tilled water. The enzyme activity was determined as the
decrease in substrate content expressed as nanomoles
cAMP generated per milligram test substance protein
per 10 min.

For determination of cAMP content in
macrophages, their TCA (5%) extracts were used [13].
The cAMP content of extracts was determined using
the Cyclic-AMP-Assay-Kit (Amersham) according to
the manufacturer’s instructions.

RESULTS

Effect of immunocortin on blast transformation of
mouse thymocytes ir vitro. The results obtained in this
study indicate that immunocortin at doses ranging from
3.5007 to 10 M inhibits Con A-induced blast trans-
formation of thymocytes (Table 1). The suppressive
effect of the peptide was not associated with its cyto-
toxicity: cell viability according to the trypan blue
exclusion test remained at the 95-97% level.

Effect of immunocortin on the activity of mouse peri-
toneal macrophages in vitro. Inmunocortin inhibited the
bactericidal activity of peritoneal macrophages in relation
to S. typhimurium 415. The values of the main charac-

Table 1. Effect of immunocortin on blast transforma-
tion of mouse thymocytes in vitro

Peptide concen-| Con A concen- [Me.thyl-‘;H]th}./midine
tration, M tration, pg/ml lgl‘;zlrpi(’fg‘;(l)\;ll,
- — 180 + 80
- 2 17800 + 1400
3.5007 2 13900 + 1100
3.500°° 2 5870 + 850
3.5007° 2 1960 + 600
3.5007° — 210 + 60
107 2 900 + 350
107 — 170 + 90
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Table 2. Effect of immunocortin on the interaction of mouse peritoneal macrophages with the virulent bacterial

strain S. typhimurium 415

i PA BCA
Peptide concentration, M Phagocytosm PN, n £ SEM
time, h % + SEM
— 1 6533 £ 1.11 1.33 £ 0.27 3.90 £ 0.13
2 72.67 £ 1.07 13.67 = 0.69 10.17 £ 0.18
4 72.33 £ 1.29 25.67 £ 1.41 11.17 * 1.03
7 29.00 = 0.89 66.67 £ 0.62 15.50 = 0.34
500° 1 49.50 + 0.85 47.75 £ 1.72 7.25 £ 0.27
2 0 100 —
5007 1 3275 £ 0.72 66.50 £ 0.18 6.38 = 0.19
2 15.75 + 0.56 84.25 £ 0.56 14.80 = 0.33
4 0 100 —
500°° 1 78.50 = 0.57 21.50 = 0.57 5.88 £ 0.06
2 70.75 + 0.76 29.00 + 0.85 6.15 = 0.06
4 44.00 + 0.81 56.00 £ 0.81 8.90 = 0.10
7 0 100 —

teristics (PA, PN, BCA) of S. typhimurium phagocytosis
in the absence (control) or in the presence of various
concentrations of the peptide are given in Table 2. It is
evident that in the presence of 500° M immunocortin
phagocytes are completely destroyed by intracellular
bacteria within 2 h. When the peptide concentration in
the medium was 500 M a macrophage monolayer was
destroyed within 4 h, and at the concentration of 500° M
this process was completed within 7 h. At the same time,
BCA in control did not exceed 70% within 7 h. ACTH
(13-24) studied in parallel had no effect on phagocytosis:
the main characteristics of the process did not differ from
control values at peptide doses ranging from 500" to
500° M. However, ACTH (13-24) at 10° M (but not
500 °* M), when added in combination with immunocortin
(507" M), canceled completely the phagocytosis-suppress-
ing effect of the latter.

Study of the effect of immunocortin on mouse peri-
toneal macrophage spontaneous migration from an
agarose drop revealed that increasing its concentration
in the medium decreased the migration index (Fig. 1).
This suggests that immunocortin inhibits macrophage
motility.

[’H]Immunocortin binding to mouse thymocytes and
macrophages. Study of the interaction of ['HJimmunocortin
with mouse thymocytes and peritoneal macrophages re-
vealed that the labeled peptide can bind specifically to
these cells. Figure 2 shows Scatchard plots characteristic
of specific binding of ['H]Jimmunocortin to macrophages
(plot /) and thymocytes (plot 2). Both plots are linear,
this suggesting that macrophages and thymocytes each
possess only one receptor type (K 2.500° and 2.100° M,
respectively).
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Similar K; values were determined by Scatchard
analysis of ["H]immunocortin specific binding to plasma
membranes isolated from macrophages and thymocytes
(Fig. 3). The K, values of labeled immunocortin-receptor
complex were 2.100° M for plasma membranes of rat
(plot /) and mouse (plot 3) thymocytes and 2.000° M
for those of mouse macrophages (plot 2).

Table 3 presents data on the inhibition by unlabeled
ACTH (13-24), somatostatin, and ACTH (4-10) of the
specific binding of 10 nM [’HJimmunocortin to mouse
thymocytes and macrophages. It is evident that only
ACTH (13-24) was able to inhibit the specific binding
of labeled immunocortin to both thymocytes (K; = 1.3 nM)
and macrophages (K; = 1.9 nM).
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Fig. 1. Effect of immunocortin on spontaneous migration
of mouse peritoneal macrophages.
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Fig. 2. Scatchard analysis of ["’H]immunocortin specific bind-
ing to mouse peritoneal macrophages (/) and thymocytes
(2). B and F are molar concentrations of bound and free
labeled peptide, respectively.

Effect of immunocortin and ACTH (13-24) on ade-
nylate cyclase activity and intracellular cAMP content.
The results presented in Table 4 indicate that
immunocortin at concentrations in the range 10 -10° M
activated the adenylate cyclase of plasma membranes
of mouse thymocytes and peritoneal macrophages.
ACTH (13-24) studied in parallel had no effect on the
enzyme activity, but in both cases blocked the activat-
ing effect of immunocortin in the concentration ratio
immunocortin/ACTH (13-24) 1:10.

In the presence of immunocortin (400 '-4000 ° M)
an increase in intracellular cAMP content of
macrophages was observed. The results shown in Table
5 indicate that within 15 min after the peptide (4000 M)
made contact with macrophages, their intracellular
cAMP concentration increased approximately threefold,
and 2 h later it returned to the control level. ACTH
(13-24) examined in parallel did not significantly effect
this parameter (Table 5).

DISCUSSION

The system of immune regulation together with the
endocrine and central nervous systems form a unified

0.8-

B/F

1.2 14 16
B, nM

Fig. 3. Scatchard analysis of [’H]immunocortin specific bind-
ing to rat thymocyte plasma membranes (/), mouse perito-
neal macrophage plasma membranes (2), and mouse thymo-
cyte plasma membranes (3). B and F are molar concentra-
tions of bound and free labeled peptide, respectively.

1 ' 1 L 1 L 1 L |
02 04 06 08 1.0

network for bioregulation in animals. At present a growing
body of evidence favors the hypothesis that along with
endocrine hormone and tissue hormone (kinin)
bioregulation systems, there is a third system based on
cellular hormones (tetins) which are oligopeptides—the
products of limited proteolysis of protein in situ.
Immunoglobulins, interferons, interleukins, growth factors,
and other biologically active proteins are the precursors of
tetins. The following compounds are tetin precursors: tuftsin
(TKPR), peptides of the rigin family (GQPR, GRPK,
GKPR) and eskarin family (SKAK, SKAR, SKTK),
immunopoietins (RPDVY, EPWEY, RPEVH), the C-ter-
minal fragments of immunoglobulins (RAVSVNPGK,
KSLSLSPGK), tyrosine-containing pentapeptide fragments
of interferons (RITLY family), and many other (usually
polar) fragments of immunoactive proteins [14].
Immunocortin can also be assigned to cellular
hormone group. The results of the present study show
that immunocortin possesses prominent immunosup-
pressive properties, manifesting themselves by inhibi-
tion of mitogen-induced thymocyte proliferation, de-
cline in spontancous motility of mouse peritoneal
macrophages, and reduction of their bactericidal activ-
ity in relation to the virulent strain S. typhimurium 415.
We found previously that immunocortin exhibits neu-

Table 3. Kinetic characteristics of inhibition by unlabeled ACTH (13-24), somatostatin, and ACTH (4-10) of
the specific binding of 10 nM ['H]immunocortin to mouse thymocytes

IC;, K;
Peptide
thymocytes macrophages thymocytes macrophages
ACTH (13-24) 7.6 nM 9.3 nM 1.3 nM 1.9 nM
Somatostatin >10 uM >10 uM >10 uM >10 uM
ACTH (4-10) >10 uM >10 uM >10 uM >10 uM
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Table 4. Effect of immunocortin and ACTH (13-24) on
adenylate cyclase activity of mouse thymocyte and peri-
toneal macrophage plasma membranes
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Table 5. Effect of immunocortin and ACTH (13-24) on
intracellular cCAMP content of mouse peritoneal
macrophages

. Adenylate cyclase activity,
Concentration, M nmole cAMP/mg protein
per 10 min
immunocortin | ACTH (13-24) | thymocytes | macrophages
- - 0.345 0.485
107 — 0.742 0.652
107 — 1.018 0.973
107 107 0.342 0.476
107 — 0.928 0.511
— 107 0.342 0.478
— 107 0.351 0.480

Con- |Time of macro- cAMP content

Peptide centra- phag.e contact (experiment/
tion, Wl,th the. control) * SEM

M peptide, min

15 2.67 = 0.12

30 2.78 + 0.08

4100°° 60 2.87 + 0.15

120 2.48 + 0.03

Immunocortin

15 2.98 + 0.20

4007 30 249 + 0.18

60 1.24 + 0.20

120 0.92 + 0.13

15 1.38 + 0.23

30 1.22 + 0.18

4107 60 1.01 + 0.07

120 1.18 + 0.12

ACTH (13-24)

15 1.19 + 0.21

4007 30 0.89 + 0.27

60 1.20 + 0.16

120 1.11 + 0.09

rotropic activity and the ability for high-affinity bind-
ing to ACTH receptors on mouse brain synaptic
membranes (the K; of [*IJACTH (13-24) specific bind-
ing was 0.9 nM) [3, 6]. Thus, immunocortin possesses
both immunosuppressive and neurotropic activities.
Such “versatility” may result from the same or very
similar peptide action mechanism in the immune and
the central nervous systems. The results presented in
this paper support this idea.

In parallel with immunocortin, the synthetic ACTH (13-
24) peptide (H-Val-Gly-Lys-Lys-Arg-Arg-Pro-Val-Lys-Val-
OH), corresponding to the ACTH “address” segment re-
sponsible for hormone-receptor interaction [15], was stud-
ied. The results indicate that this peptide is capable of high-
affinity binding to immunocompetent cell receptors (Table
3), but it is not able to activate adenylate cyclase of these
cells and to modify their activity. ACTH (13-24) was also
found to bind with high affinity to brain synaptic mem-
branes (K, of [“IJACTH (13-24)-receptor complex was 2.2 nM)
without modifying their adenylate cyclase activity [3]. In the
present study we have shown that ACTH (13-24) competes
with ['HJimmunocortin for binding to the receptor sites on
thymocytes and macrophages (K; 1.3 and 1.9 nM, respec-
tively) (Table 3). It is notable that the kinetic characteristics
of the interaction of immunocortin and ACTH (13-24) with
receptors on thymocytes, macrophages, and synaptic mem-
branes are similar to those of ACTH binding to receptors
on mouse splenocyte plasma membranes [16] as well as to
cloned human [17] and mouse [18] receptors.
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Thus, kinetic analysis of the competition between
immunocortin and the ACTH “address” fragment,
ACTH (13-24), has revealed that the receptors on
immunocompetent cells and synaptic membranes to
which immunocortin binds are the receptors for ACTH.

It is known that binding of ACTH to the receptor
results in the activation of adenylate cyclase [19, 20]. The
results presented in this paper show that immunocortin
activates adenylate cyclase of thymocyte and macrophage
plasma membranes with a consequent increase in cCAMP
content of these cells (Tables 4 and 5).

Thus, the interaction of immunocortin with mouse
thymocytes, macrophages, and brain synaptic mem-
branes includes the following main steps: binding to
the ACTH receptor, activation of adenylate cyclase,
elevation of the intracellular cAMP content. This is
followed by the standard reaction cascade resulting in
a biological response of the target cell.

Immunocortin has not been investigated previously.
We were the first to describe its properties and mecha-
nism of action. At present we have no information about
the formation and metabolism of the peptide, but taking
into account that processing of immunoglobulins in
antigen—antibody complexes usually happens in
phagocytes, it is quite probable that similar to other
immunoactive peptides of immunoglobulin origin [14],
immunocortin can also be formed in macrophages.

It is well known that the most effective processing
of immunoglobulin Fc¢ subunits occurs in the acid
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environment inside phagolysosomes [21, 22]. Peptides
formed during catalysis with acid hydrolases can enter
the milieu surrounding a zone of inflammation as the
result of secretion or phagocyte disruption, and this
may serve as a kind of “SOS” signal that recruits
immune cells for antigen elimination. Fab-fragments
under acid conditions have a structure that is more
resistant to proteolysis [23]. However, at pH values
close to neutral the cooperativity of their variable parts
(Vy) diminishes, and they are processed by necutral
proteases. As this takes place, Vy; domains can con-
tribute to the formation of the peptides with ACTH-
like sequences.

Because the cleavage of IgG F(ab), fragments in
phagolysosomes is usually insignificant and the Vy
subgroup comprises only a part of the total antibodies,
immunocortin can reach biologically active concentra-
tions only at reasonably high antibody titers, those near
the peak of the immune response. Based on this, it seems
likely that the role of the peptide is to provide a feed-
back signal for regulation of the immune response.

This work was supported by grants of the Russian
Foundation for Basic Research (No. 97-04-49227) and
the International Science and Technology Center
(project No. 91).
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