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Abstract: The immunosuppressive, anti-inflammatory and anti-thrombotic properties of SV-IV, a major protein secreted from the
epithelium of rat seminal vesicles, were investigated after transglutaminase-catalyzed covalent incorporation of two molecules of
spermidine (Spd) into the protein at the level of Gln-9 and GIn-86. The modified molecular form of the protein (Spd,-SV-IV)
showed a more marked inhibitory activity on Con A-induced lymphocyte blastogenesis in comparison with the native protein,
whereas no differences in the ability to inhibit the mixed lymphocyte reaction and to decrease the rat epididymal sperm
immunogenicity were found between modified and native SV-1V. Spd,-SV-1V was also less effective than native SV-IV to inhibit
platelet aggregation induced in vivo by different thrombogenic agents. In contrast, superimposable inhibitory tracings were
observed in the in vitro platelet aggregation experiments performed with the two different molecular forms on the protein. Finally,
Spd,-SV-1V was shown to retain unchanged the anti-inflammatory activity of native SV-IV.
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Introduction

One of the major rat seminal vesicle secretory
proteins is designated SV-IV (seminal vesicle
protein number 4) according to its electro-
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PBMC, peripheral blood mononuclear cells; MLR, mixed
lymphocyte reaction; PG, prostaglandin; PLA,, phospholi-
pase A,; PAF, platelet-activating factor; AA, arachidonic
acid; PMN, polymorphonuclear neutrophils; TGase, trans-
glutaminase; Spd, spermidine; Spd-SV-IV, mono-spermidine
derivative of SV-IV; Spd,-SV-1V, di-spermidine derivative of
SV-1V; FAB, fast atom bombardment; ConA, concanavalin
A; HBSS, Hanks balanced salt solution; TNF, tumor necro-
sis factor.

phoretic mobility in SDS-PAGE (Ostrowski
et al,, 1979). This protein, whose amino acid
sequence is known, has an M, of 9758 and is
synthesized and secreted in milligram amounts
under strict androgen control (Higgins and
Burchell, 1978; Ostrowski et al., 1979; Pan and
Li, 1982). Proteins immunologically cross-
reactive with SV-IV have been found widespread
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in different tissues (uterus, lung, brain, and so
forth) of male and female rats (Metafora et al.,
1987a). A family of antigens related to SV-IV has
been detected in humans, both free in seminal
plasma and bound to the surface of ejaculated
spermatozoa (Abrescia et al., 1985; Metafora
et al., 1987b). SV-IV has been found to possess a
variety of biological properties. It is able (i) to
suppress the epididymal sperm immunogenicity
(Porta et al., 1988), and (ii) to inhibit the activa-
tion of human peripheral blood mononuclear
cells (PBMC) by different types of mitogens
(Metafora et al., 1989a), the mixed lymphocyte
reaction (MLR) (Metafora et al.,, 1989a), the
phagocytosis and chemotaxis of human polymor-
phonuclear leukocytes (Metafora et al., 1989b),
the rat macrophage phagocytosis (Galdiero et al.,
1989), the intensity of the oedema induced in the
rat hind limb by plantar injection of carrageenin
(Metafora et al., 1989a), the prostaglandin (PG)
synthesis and release from activated rat perito-
neal leukocytes (Metafora et al., 1989a), the por-
cine pancreatic phospholipase A, (PLA,) activity
assayed in vitro (Metafora etal., 1989a), the
platelet aggregation induced by different agents
both in vivo and in vitro (Persico et al., 1990),
and, finally, the platelet-activating factor (PAF)
synthesis and the arachidonic acid (AA) and
prostacyclin release in stimulated polymorphonu-
clear neutrophils (PMN), macrophages and en-
dothelial cells (Camussi et al., 1990).

The protein SV-IV was shown to act as acyl
donor and acceptor substrate for the enzyme
transglutaminase (TGase; 2.3.2.13) purified from
either guinea pig liver or rat anterior prostate
secretory fluid (Williams-Ashman, 1984; Paon-
essa et al., 1984; Fawell and Higgins, 1987; Porta
et al., 1988; Porta et al.,, 1990). Recently, four
different TGase-modified forms of SV-IV were
synthesized in vitro and characterized (Porta
et al., 1991). Two differently derivatized SV-IV
molecular forms, both possessing only one
glutamine residue out of two (Gln-86) cross-
linked to an endogenous lysine residue, were
produced when exogenous amines were omitted
from the reaction mixture, whereas two species of

spermidine (Spd) adducts of the protein were
obtained when SV-IV was treated with TGase in
the presence of high concentrations of the
polyamine. The first polyamine derivative of
SV-IV (Spd-SV-1V) was characterized by one
Spd molecule covalently bound to GIn-86, the
second one (Spd,-SV-1V) by two Spd molecules
respectively bound to GIn-9 and GIn-86. Since
TGase and Spd are present along with SV-1V in
the rat seminal fluid, the possibility exists that
Spd derivatives of SV-1V are synthesized in vivo
at ejaculation. Therefore, it appeared of interest
to investigate possible changes of SV-IV biolog-
ical activities following the enzyme-mediated co-
valent binding of two Spd molecules to the
protein.

Materials and Methods

Animals

Adult rats, weighing about 250 g at the start of
each experiment, were obtained from Charles
River (Como, Italy) and housed (4 rats/cage) in
self-contained laminar flow sterile rooms.

Proteins

The protein SV-IV was purified to homogeneity
from male adult rat (Fisher-Wistar) seminal ves-
icle secretion as described by Ostrowski et al.
(1979). The purity of the protein was evaluated
by 15% PAGE in denaturing and nondenaturing
conditions (Metafora et al., 1987a), fingerprint
technique, amino acid composition analysis, and
fast atom bombardment (FAB) mass spectrom-
etry (Porta et al., 1991).

Each preparation of Spd,-SV-IV was per-
formed by incubating at 37° 0.5 mg SV-1V with
10 ug of purified guinea pig liver TGase (Sigma
Chemical Co., St. Louis, MO) in 1.0ml of
125 mM Tris-HCI buffer, pH 8.0, containing
2.5mM CaCl,, 10 mM dithiothreitol and 0.2 M
Spd. After 12 h of incubation 10 ug of TGase
were added and the reaction was carried on for a
further 15 h. At the end of the incubation, the
reaction mixture was centrifuged at 10000 rpm
for 10 min, and the proteins contained in the



supernatant were separated by ion-exchange
chromatography on a FPLC apparatus (Pharma-
cia) using an analytical Mono S HR 5/5
(10x0.3 cm, 10 pm) column. The column was
equilibrated with 50 mM sodium phosphate, pH
7.6 (buffer A), and the elution was performed
with the same buffer containing 0.5 M NaCl
(buffer B). The native SV-IV was separated from
Spd,-SV-IV by a linear gradient of buffer B from
0% to 60% in 10 min (flow rate 1 ml/min). Two
hundred ul fractions were collected and the
protein peak eluted at 13.7 min was pooled,
desalted by Sep-pak C-18 cartridge and, after
identification of Spd,-SV-IV by FAB mass spec-
trometry (Porta et al., 1991), stored at -20°.
Before use SV-IV and Spd,-SV-1V preparations
were sterilized by filtration through Millipore
filters (0.22 mm pore size). All the injections were
performed with sterile syringes and no local
irritation was observed following protein admin-
istration,

Protein concentration was determined by the
method of Bradford (1976) using the Bio-Rad
protein assay kit system (Bio-Rad Laboratories).

Biological activity assays

Immunosuppressive activity The preparation of
human PBMC, the quantitation of the con-
canavalin A (Con A)-induced proliferation of
PBMC or splenocytes, and the MLR were
performed as previously described (Metafora
et al., 1989a). Before the MLR, 1.5 x 10 PBMC
from two different histoincompatible individuals
(PBMC 1 and PBMC 2) were separately incu-
bated for 2 h at 37°C in 1 ml incomplete RPMI
1640 medium in the absence or at different
concentrations (0.5, 2.5 and 5mM) of either
SV-IV or Spd,-SV-1V. At the end of incubation,
appropriate amounts of the lacking components
were added to render the RPMI medium com-
plete. Aliquots of 0.1 ml (1.5 x 10° cells) of SV-
IV- and Spd,-SV-1V-treated PBMC 1 suspen-
sions were mixed with 0.1 ml (1.5 x 10° cells) of
SV-IV- and Spd,-SV-IV-treated PBMC 2 sus-
pensions, respectively, in flat-bottomed wells of
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microtiter plates and the cells cultured for five
days. A similar procedure was carried out with
PBMC suspensions containing neither SV-IV
nor Spd,-SV-IV. Both in the Con A-induced
proliferation assays of PBMC and in the MLR,
1 uCi of [*H]thymidine (2 Ci/mmole, Amer-
sham) was added to each well 6 h before harvest-
ing. Cell harvesting, washing, and counting were
performed according to conventional procedures.

The effect of either SV-IV or Spd,-SV-1V on
rat (Wistar strain) epididymal spermatozoal im-
munogenicity was investigated according to
Mukherijee et al. (1982) by treating 1 x 10° sperm
cells with different amounts of each protein in
1 ml of Hanks balanced salt solution (HBSS) for
2h at 37°C. Spermatozoa were then washed
three times with 10 ml of HBSS and finally mixed
with 4 x 10° virgin female rat (Brown-Norway
strain) splenocytes. Each cell mixture was cul-
tured in triplicate in 0.2 ml HBSS. After 4.5 days
of incubation at 37 °C in a humidified 5% CO, in
air incubator, 1 uCi [*H]thymidine (2 Ci/mmol,
Amersham) was added and the culture continued
for another 12 h. The cells were then harvested,
washed, filtered on glass wool filters and finally
counted. The viability of rat splenocytes was
assessed by both trypan blue exclusion test and
by Con A stimulation and [*H Jthymidine incor-
poration.

Anti-inflammatory activity The anti-inflamma-
tory activity of both SV-IV and Spd,-SV-IV was
tested in vivo by inducing a hind-limb oedema in
male Wistar rats, lightly anaesthesized with di-
ethyl ether, by plantar injection in the hind paw of
0.1 ml of 19, w/v carrageenin (Viscarin 402, from
Marine Colloids) suspension prepared in saline.
After 90 min some groups of animals received a
superinjection of 0.1 ml saline containing 0.1 mg
of AA (Sigma). Dexamethasone (1 mg/kg) was
subcutaneously administered 60 min before car-
rageenin injection. In contrast, SV-IV and Spd,-
SV-IV were injected together with carrageenin
into the hind paw. Control rats received only
saline injections. The volume of the paw was
recorded at zero time and every 60 min thereafter
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up to 5 h. The oedema area was calculated as 2
of the mean of oedema volumes at the 1st and
the 3rd h+!/2 mean oedema observed at the
4th h. A differential volume measuring instru-
ment, a plethysmograph manufactured by U.
Basile (Milan, Italy), was used in these experi-
ments in order to quantitate the oedema volume
after carrageenin injection.

The induction of PG biosynthesis in phagocy-
tosing leukocytes was carried out as previously
described (Parente et al., 1978; Blackwell et al.,
1980). Briefly, 8 x 10° resting peritoneal leuko-
cytes (80%, mononuclear and 209, polymorpho-
nuclear), obtained from adult male Wistar rats
and suspended in Krebs solution enriched with
bovine serum albumin (0.1 mg/ml), were incu-
bated for 120 min at 37° with heat-killed Borde-
tella pertussis (a gift from Borrough-Wellcome) in
a ratio of 1000 bacteria per cell. At the beginning
of incubation either dexamethasone (1 ug/ml),
AA (1 ug/ml), SV-1V, Spd,-SV-1V or saline were
added. In some experiments the phagocytosis
process was checked by staining with Gram’s
stain aliquots of cell suspensions collected at the
end of incubation. After incubation the cells were
removed by centrifugation and PG,, extracted
from the supernatant, were bioassayed on the rat
stomach strip by using synthetic PGE, (Sigma)
as standard (Parente et al., 1978).

PLA, activity was assayed in vitro by a previ-
ously described radiometric method (Blackwell
et al., 1980; Metafora etal.,, 1989a) by using
porcine pancreatic enzyme (Sigma) and
1-palmitoyl-2-(1-'*C)oleyl  phosphatidylcholine
(sp. act. 57 mCi/mmol; Amersham) as substrate.
The release of [ "*C]AA from cellular lipids was
measured with the method described by Hirata
etal. (1980). Briefly, human PMN, prepared
from blood of healthy donors as previously de-
scribed (Camussi et al., 1990), were incubated at
a concentration of 10° cells/ml with 1.25 uCi
['*C]AA (55.5 mCi/mmol) at 37° for 1 h (final
vol., 5 ml). The cells were washed twice with 5 ml
modified Gey’s buffer, then resuspended in the
same buffer. The release was evaluated after
challenge with either tumor necrosis factor

(TNF) or opsonized baker’s yeast at 37°. The
release of PAF from PMN was assayed on the
basis of its aggregating activity with washed
rabbit platelets. PAF was quantitated after ex-
traction and purification by thin-layer chroma-
tography and HPLC and was characterized by
comparison with synthetic PAF (Camussi et al.,
1990).

Anti-thrombotic activity In vivo platelet aggrega-
tion was induced by i.v. (jugular vein) adminis-
tration to male Wistar rats (200-250 g), anesthe-
tized with sodium pentobarbital (30 mg/kg, i.p.),
of 1 unit/kg of thrombin, 1mg/kg of ADP,
2mg/kg of collagen, 0.75 ug/kg of PAF, or
1.5 mg/kg of AA according to a previously de-
scribed method (Pinon, 1984; Persico et al.,
1990). The antithrombotic effect of Spd,-SV-IV
was assayed by i.v. (jugular vein) injection of
appropriate amount of protein dissolved in
0.2 ml of saline, 3 min before the administration
of the aggregating agents. Controls were carried
out by injecting saline, ribonuclease or SV-1V
under the same experimental conditions. In vitro
platelet aggregation studies were performed in
aggregometer cuvettes containing 0.25ml of
platelet suspension as previously described (Per-
sico et al.,, 1990). Spd,-SV-IV was added in
saline and preincubated with platelets for 3 min
at 37°C. The protein was tested at concentra-
tions of 5, 10 and 20 uM. Thrombogenic agents
were then added and the aggregation measured at
37°C in a ELVI 840 aggregometer. Control
aggregation curves were obtained in the absence
of Spd,-SV-IV with an equivalent amount of
saline, to make up for the decrease in assay
volume, or with native SV-IV. All aggregation
experiments were repeated ten times and the
interassay variations were <59;.

Results

Synthesis, purification and characterization of Spd.-
SV-1v

Spd,-SV-1V was synthesized by incubating na-
tive SV-IV in the presence of guinea pig liver



0.31

0.2

0.1+

Absorbance at 215 nm

Elution time , min

Fig. . FPLC separation of Spd,-SV-IV and SV-IV con-

tained in the reaction mixture following incubation of native

SV-IV with TGase and Ca”®* in the presence of Spd. Peak 1,

native SV-1V; peak 2, Spd,-SV-IV. The dashed line refers to

a sample incubated in the absence of Ca®". Further details
are given in the text.

TGase, Ca’" and Spd under the conditions
reported in Materials and Methods. The purifi-
cation of the reaction product was carried out by
FPLC of the assay mixture on a cation exchange
column. The elution pattern (Fig. 1) shows the
almost complete transformation of SV-IV in a
molecular form of the protein eluted at 13.7 min
and previously demonstrated to contain two Spd
molecules linked to GIn-9 and GIn-86, respec-
tively (Porta et al., 1991). FAB mass spectromet-
ric analysis, after proteolytic digestions of the
TGase-catalyzed reaction product, confirmed the
identity of Spd,-SV-IV. Therefore, the protein
eluted at 13.7 min from FPLC column was used,
after desalting, to evaluate its biological activities.

Effect of Spd,-SV-1V on the response of human
PBMC to Con A and on the MLR

In Table I data are reported showing that micro-
molar amounts of both SV-IV and Spd,-SV-1V
inhibit, with different degrees of efficiency, the
Con A-induced proliferation of human PBMC.
The highest immunosuppression by native SV-IV
(expressed as about 43%, inhibition of [*H ]thy-
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TABLE 1

Effect of different concentrations of both native SV-IV and
Spd,-SV-1IV on the response of human PBMC to Con A

Addition [*H]Thymidine incorporation into

PBMC (cpm + SEM)

- Con A +Con A % of

control

None (control) 1,260+ 240 51,810+ 3,050 100

SV-1V, 0.5 uM 1,470 +280 49,020+ 2,840 95
SV-IV, 5 uM 5,330 £450 29,430 +2,000 57
SV-1V, 15 uM 1,250+220 35470+2,350 68
SV-1V, 25 uM 1,230+ 210 46,680 +2,700 90
SV-1V, 50 uM 1,240+200 50,710 +2,610 98

Spd,-SV-IV, 0.5 uM 1,290+ 260 35,980 + 2,260* 69
Spd,-SV-IV, 5uM 1,310 +250* 28,740+2,100 55
Spd,-SV-IV, 15 uM 1,520+ 310 24,100+ 1,900* 46
Spd,-SV-IV, 25 uM 1,510 4275 15,170 + 1,000+ 29
Spd,-SV-IV, 50 uM 1,580 +290 12,260+ 1,130* 24

The reported concentration values of the additions refer to
those occurring in the cell culture. Further experimental
details are described in Materials and Methods.

* Significantly different from the respective values obtained by
using the same concentration of native SV-IV, p<0.01
(Student’s r-test).

midine incorporation into lymphocytes) was ob-
tained, as already reported (Metafora et al.,
1989a), when the protein was present in the
incubation mixture at a low concentration
(5 uM). In contrast, the Spd,-SV-IV inhibitory
effect was found to progressively increase with
the increase of its concentration, about 709, of
PBMC proliferation being suppressed when used
at 25 uM. Another difference between the native
and the modified form of SV-IV concerns the
ability only of the native protein to stimulate at
low concentrations the PBMC proliferation in
the absence of Con A (Table I). Mandatory
requirements to observe the immunosuppressive
effect of the modified SV-1V, as well as of the
native protein (Metafora etal., 1989a), were
both the pretreatment of PBMC at 37 °C in the
presence of the protein before Con A addition,
and the maintenance of the protein in the incu-
bation mixture during the entire period of culture.
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TABLE 1I

Inhibition of mixed lymphocyte reaction by different concen-
trations of both SV-IV and Spd,-SV-1V

Addition [*H Jthymidine incorporation
into lymphocytes
cpm + SEM % of control
None 11,340 + 1,310 100
SV-Iv, 0.5 uM 9,820 + 990 87
SV-1v, 2.5 uM 3,980 + 830 35
SV-1V, 5.0 uM 960 + 280 8
Spd,-SV-1V, 0.5 uM 8,840 + 1,020 78
Spd,-SV-1V, 2.5 uM 3,120 + 810 28
Spd,-SV-1V, 5.0 uM 840+ 150 7

The viability of human PBMC obtained from two different
histoincompatible individuals (PBMC 1 and PBMC 2) was
evaluated by Con A stimulation and [*H Jthymidine incorpo-
ration (PBMC 1, 402+ 65cpm; PBMC 1 plus Con A,
40,200 + 688 cpm; PBMC 2, 450 + 85 cpm; PBMC 2 plus
Con A, 37,435 + 580). Further experimental details are re-
ported in Materials and Methods.

Similar differences in the immunosuppressive
properties of SV-IV and Spd,-SV-1V (data not
shown) were obtained by stimulating with Con A
either PBMC or splenocytes from rats of differ-
ent species (Wistar, Fisher, Fisher-Wistar hy-
brids).

Finally, when suitable aliquots of human
PBMUC, obtained from two different histoincom-
patible individuals, were preincubated with dif-
ferent amounts of Spd,-SV-1V and then mixed in
culture, a marked inhibition of [*H]thymidine
incorporation, similar to that observed when
native SV-IV was present in the culture medium
(Metafora et al., 1989a), was obtained (Table II).

Effect of Spd,-SV-1V on the rat epididymal sperm
immunogenicity

To evaluate the ability of Spd,-SV-IV to decrease
the immunogenicity of epididymal spermatozoa,
we used mixed cultures of rat splenocytes and
epididymal spermatozoa taken from heterolo-
gous animals. The splenocytes were used as
responder cells actively incorporating labelled
thymidine when stimulated by the MHC alloan-

TABLE 111

Suppression of rat epididymal spermatozoon immunogenicity
by treatment with different concentrations of either SV-IV
and Spd,-SV-IV

Sperm treatment [*H Jthymidine incorporation

into splenocytes

cpm + SEM % of control
None 12,320 + 410 100
SV-IV, 0.5 uM 11,980 + 530 97
SV-1V, 2.5 uM 9,710 + 820 79
SV-1v, 5.0 uM 6,450 + 780 52
SV-1v, 10.0 uM 6,230 + 660 S1
Spd,-SV-1V, 0.5 uM 11,060 + 370 90
Spd,-SV-1V, 2.5 uM 9,540 + 750 77
Spd,SV-1vV, 5.0 uM 6,370 + 430 52
Spd,-SV-1V, 10.0 uM 6,190 + 500 50

Further experimental details are given under Materials and
Methods.

tigens of the epididymal spermatozoa (Hogarth,
1982) previously treated with either native or
modified SV-IV. Similar in vitro experiments
were performed by other investigators to evaluate
the influence of TGase on uteroglobin ability to
decrease the epididymal sperm immunogenicity
in rabbits (Mukherjee et al., 1983). The data
obtained (Table III) indicated that the Spd,-
SV-1IV ability to decrease sperm immunogenicity
was very similar to that observed by using native
protein.

Effect of Spd,-SV-1V on platelet aggregation in-
duced both in vivo and in vitro

Since we have recently demonstrated that native
SV-1V inhibits platelet aggregation induced by
different agents (thrombin, ADP, collagen and
PAF) both in vitro and in vivo (Persico et al.,
1990), we found of interest to examine also the
ability of Spd,-SV-1V to act as anti-thrombotic
drug. Table 1V shows the inhibitory effect of two
doses of TGase-modified form of SV-1V on the
platelet aggregation triggered in vivo. The values
of platelet-count ratio (platelet-count in a sample
where aggregates were fixed by formalin/platelet-
count in a sample where the aggregates were
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Spd,-SV-1V inhibitory effect on platelet aggregation triggered in vivo by different thrombogenic agents

Treatment Platelet-count ratio
None Thrombin ADP Collagen PAF AA

Saline (control) 0.98 +0.02 0.55+0.01 0.53+0.02 0.55+0.02 0.55+0.01 0.56 + 0.02
Ribonuclease

(1.50 mg/kg) 0.97 +0.02 0.54 +0.01 0.54+0.01 0.55+0.01 0.56 + 0.02 0.55+0.01
SV-1vV

(0.75 mg/kg) 0.99 +0.01 0.84 +0.02 0.81+0.02 0.82+0.02 0.79+0.01 0.56 + 0.01
SV-1v

(1.50 mg/kg) 0.98 +0.02 0.91+0.02 0.90+0.01 0.88 +0.02 0.84+0.01 0.54 + 0.02
Spd,-SV-IV

(0.75 mg/kg) 0.97 +0.02 0.73 + 0.02* 0.74 +0.01% 0.74 + 0.02* 0.70 + 0.01* 0.56 + 0.02
Spd,-SV-IV

(1.50 mg/kg) 0.98 +0.01 0.82+0.01* 0.81+0.02% 0.83+0.02* 0.78 +0.01* 0.55+0.02

Six animals were used in each group; values are means + SEM.

* Significantly different from the respective values obtained by using the same concentration of native SV-1V, p<0.001 (Student’s

t-test).

dissociated and the platelets were made unaggre-
gable by EDTA), obtained under different exper-
imental conditions, indicated that the preliminary
treatment of the rats with Spd,-SV-IV was al-
ways less effective than that with the native
protein to counteract the intravascular aggrega-
tion, independently of the specific thrombogenic
agent used. It should be noted that only AA-
induced platelet aggregation was not inhibited by
Spd,-SV-1V, as well as by the native protein
(Persico et al., 1990). In contrast, superimpos-
able tracings were obtained when the aggregation
induced by thrombin, ADP, collagen or PAF was
assayed in vitro by using isolated platelets in the
presence of the same amount of either one or the
other molecular form of the protein. The latter
data (not shown) indicate an inhibitory effect of
Spd,-SV-1IV very similar to that of native SV-IV
when platelets, taken out of the circulatory sys-
tem, were not in their physiological surroundings.
Finally, it should be noted that also the in vitro
platelet aggregation induced by AA was not
affected by either native or modified SV-IV, thus
confirming the results obtained with the in vivo
system. Ribonuclease, used as non-specific pro-
tein control (at a concentration of 240 pg/ml

in vitro and at a dose of 1.5 mg/kg in vivo) was
without effect in all the experiments.

Effect of Spd,-SV-IV on carrageenin rat food
oedema, on PGE, synthesis and release from acti-
vated rat peritoneal leukocytes, and on PLA,
activity

The modified form of SV-IV, as well as the native
protein (Metafora et al., 1989a; Camussi et al.,
1990), was shown to possess a marked anti-
inflammatory property due to the block of the AA
cascade. As a matter of fact, Spd,-SV-IV was
found to be able: (1)to inhibit both porcine
pancreatic PLA, activity assayed in vitro and the
[*C] AA and PAF release by PMN stimulated
with either TNF or phagocytosis of opsonized
baker’s yeast (data not shown); (2) to decrease
the synthesis and the release of PGE, from rat
peritoneal leukocytes activated by heat-killed
bacteria (Table V), and (3) to reduce the intensity
of the oedema induced in the rat hind limb by
plantar injection of carrageenin suspension in
saline (Table VI). All these effects of the modified
protein were found to be dose-dependent, their
intensity being very similar to that previously
observed for native SV-IV (Metafora etal.,
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TABLE V

Inhibitory effect of both SV-IV and Spd,-SV-IV on PGE,
release from rat peritoneal leukocytes phagocytosing killed
bacteria and its reversal by AA

Addition ng PGE,/10° cells 2, of control

None (control) 15.5+ 1.2 (10) 100

AA 153407 (3) 99
Dexamethasone 7.0+0.7 (6) 45
SV-IV, 0.5 uM 11.2+04 (3) 72
SV-1V, 5.0 uM 75+05 (3) 438
SV-IV, 5.0 uM + AA 15.1+0.5 (3) 97
Spd,-SV-IV, 0.5 uM 10.9+0.6 (3) 70
Spd,-SV-1V, 5.0 uM 7.8+0.3 (3) 50
Spd,-SV-IV, 5.0 uM + AA 154 +0.6 (3) 99

Values of PGE, are expressed as means + SEM; figures in
parentheses represent the number of experiments. For further
details see Materials and Methods.

1989a; Camussi et al., 1990). The hypothesis that
PLA, was the main target of the anti-inflam-
matory effect of Spd,-SV-IV was supported by
the observation that the administration of AA
completely prevented the inhibitory effect of the
modified SV-IV, as well as that of the native

TABLE VI

Inhibition of carrageenin rat foot oedema by administration
of either SV-IV or Spd,-SV-1V

Treatment Oedema area %, of control
(cm?)
None 7.5+0.8(10) 100

Dexamethasone, 1.0 mg/kg
SV-1V, 0.5 mg/kg
SV-1V, 1.0 mg/kg
SV-1V, 1.5 mg/kg
SV-1V, 1.5 mg/kg +
AA superinjection
Spd,SV-1V, 0.5 mg/kg
Spd,SV-1V, 1.0 mg/kg
Spd,-SV-1V, 1.5 mg/kg
Spd,-SV-1V, 1.5 mg/kg +
AA superinjection

38+04 (5) 51
57+05 (5) 76
45405 (5) 60
32403 (5) 43

70+06 (5) 93
53405 (5) 71
47+04 (5 63
3.0404 (5) 40

72407 (5) 9

Oedema values are expressed as means + SEM; the number
of animals used in each group are reported in parentheses.
For further details see Materials and Methods.

protein (Metafora et al., 1989a), both on the
inflammatory response to carrageenin in vivo and
on the ability of activated peritoneal leukocytes to
produce PGE, in vitro (Tables V and VI).

Discussion

We have recently reported that SV-IV, one of the
major proteins secreted from the epithelium of
the rat seminal vesicles, possesses immunosup-
pressive, anti-inflammatory and anti-thrombotic
properties. Few data exist at present on the
relationship between the single biological activi-
ties of the protein and its primary and/or three-
dimensional structure. In particular, it was de-
scribed that, whereas both trypsin digestion
(Metafora et al., 1989a) and CNBr cleavage of
native SV-IV at level of the sole methionine
residue occurring in the protein sequence pro-
duced fragments which were unable to inhibit
PBMC proliferation induced by mitogens
(Metafora et al., 1989c), 15 min boiling of SV-IV
at pH 7.5 did not affect its immunosuppressive
property (Metafora et al., 1989a). The aim of the
present investigation was to utilize the ability of
SV-IV to act as effective acyl donor substrate of
TGase in the attempt to modify some biological
activities of the protein by the catalytical inser-
tion of two molecules of Spd on the gamma-
carboxamide groups of both glutamines occur-
ring in the polypeptide sequence.

The studies performed on the biological activ-
ities of Spd,-SV-1V indicated that the covalent
isopeptide bonds introduced in the SV-IV mole-
cule did not change the anti-inflammatory char-
acteristics typical of the native protein. Also the
anti-thrombotic properties did not significantly
vary in an in vitro assay system, whereas, when
assayed in an in vivo system, Spd,-SV-IV was
able to inhibit platelet aggregation induced by
different agents even though less effectively than
SV-IV. This result could be explained by consid-
ering the large number of factors influencing the
intravascular aggregation of platelets circulating
in their physiological environment in comparison



with the in vitro triggered aggregation of isolated
platelets. However, the most significant change in
the biological activity was observed when the
immunosuppressive properties of Spd,-SV-IV
were evaluated. In fact, in vitro experiments
showed that the TGase-modified protein was
more active than native SV-IV to negatively
influence lymphocyte proliferation induced by
Con A. As far as the molecular mechanism at the
basis of the increased immunosuppressive prop-
erty of Spd,-SV-1V is concerned, we have shown
that this molecular form of SV-IV, being more
cationic for the presence of two Spd molecules
covalently bound, is unable to seif-associate and,
thus, unable to produce biologically inactive
dimers and trimers, as demonstrated for the
unmodified SV-IV (manuscript in preparation).
However, we cannot rule out that oxidation of
Spd residues, catalyzed by polyamine oxidase
present in fetal calf serum, occurs during cell
culture and that it plays a role in the inhibition of
[*H]thymidine incorporation into lymphocytes
(Vallely et al., 1988; Quan et al., 1990).

Finally, although there is no evidence for the
existence of the Spd derivative of SV-IV in vivo,
the occurrence of TGase, polyamine and calcium
ions in the secretory fluids of the mammalian
accessory sexual glands strongly suggests that
Spd,-SV-1V could be normally present in the rat
copulatory plug. If it is true, the SV-1V derivative
could play an important role not only in prevent-
ing sperm rejection and in protecting the implant-
ing blastocyst within the immunocompetent fe-
male reproductive tract, but also in minimizing
the chance of female sensitization by the repeated
exposures to sperm alloantigens during coitus.
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