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Influences of a novel immunopotentiator '-Polyactin A on interleukin 1
production and responsiveness in mice
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ABSTRACT  Effects of a novel immunpopolentiator
Polyactin A (PAA), develeped in China, on produc-
tion and responsiveness of murine interleukin 1(AL—1])
were investigaled. The results demonstrated that: (1)
PAA 0.01-100 ug» mlI™ @irectly induced IL—1 syn-
thesis and secretion  from murine peritoneal
macrophages (PM@) and markedly enhanced IL-1
production of the mouse PM@ stimulated by
lipopolysaccharides (LPS) of E coli: (2) IL—1 reclease
from the PM@ cultured in PAA 0.1 pg» ml”' was
detectable as carly as 2 h after the incubation. peaked
at 24 h. and then decrcased gradually: (3) PAA
stimulated and enhanced both IL—1 synthesis and re-
lease, bul its effect on IL—1 release was stronger; (4)
PM®@ from the mice given po PAA 200 mg- kg '*
d' for 7 4 produced a higher level of TL—1 than those
from control group. and the increase in extracellular
IL—1 was more significant than thal in intracellular
one; (5) in vivo, PAA had no effect on IL~1 receptor
expression and IL—l responsiveness of murine
lymphocytes, but eliminated the suppressing effects
of cyclophosphamide {Cyc) on IL—1 receptor expres-
sion and IL—] responsiveness of mouse lymphocytes.
The above findings provide new explanalion for aclion
of PAAand new basis for wider clinical applications of
PAA.
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The antibiotic polyactin A (PAA), newly
developed in China, is a polymannopeptide
isolated from fermenation broth of buccal
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x—hemaolytic streptococci strain No 33. Ex-
perimental and clinical investigations revealed
its antitumor and immunopotentiating
effects" ™, but the mechanisms of action are
not yet elucidated. It is known that several
immunopotentiators, such as lipopolysac—
charides {LPS), muramyldipeptide®® and
interferons™ can stimulate IL—1 production.

IL—1 plays a crucial role in the initiation of an
immune response®, However, there has
been no information on PAA concerning IL-1
production. In order to understand the ac-
tions of PAA in immune responses. we
examined its effects on IL—-1 production and
responsiveness in mice.

MATERIALS AND METHODS

Reagents PAA {(No 85184A) was man-
ufactured by Sichuan Industrial Institute of
Antibiotics, Chengdu, China; LPS (E coli
055:B5) was obtained from Difco, USA;
concanavalin A (Con A) from Sigma, USA:
RPMI 1640 mediumfrom Gibeo Lab, USA;
human IL—1 from Genzyme, USA. Al oth-

er chemicals were of the highest grade
commercially available.
Mice Inbred mice C357BL /6j. aged

2—4 months (for IL~1 production) and 68 wk
{for TL—1 assay) were obtained from Sichuan
Industrial Institute of Antibiotics. For in vivo
study, groups of the mice (8 in each group)
were given po either PAA in 0.9% saline (200
mg - kg~' + d™") or only 0.9% saline for 7 d.
Cyc groups were given ip Cyc (100 mg - kg™)
in 0.9% saline on d 4. PM® and splenccyles
were obtained on d 8 from all groups.
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Preparation of PM2  Mouse peritoneal
lavage with cold Hank's balanced salt solution
{HBSS0 was oblained from Lhe mice given ip
10% thioglycollate broth {1 ml/ mouse) 4 d
before harvest. The cells were washed with
HBSS and resuspended in complete RPMI
1640 medium {(CM) supplemented with 10%
fetal callf serum (FCS}, HEPES 2 mmol -
L™' and penicillin—streptomycin {100 U — 100
pug » ml™"). The cell suspension was Lhen in-
troduced into FCS—precoated plastic dishes
(Falcon, USA). incubaled at 37C in CO,
mcubatlor lfor 30 min, The medium containing
non—adherent cells was decanted and Lhe
dishes were rinsed 5 times with CM 1o discard
all the non—adherenl cells. Having been re-
moved from the dishes by incubation with PBS
containing 0.2% ethylenediamine tetraacetate
and 5% FCS at 4 C for 1 h, the adherent
cells were washed with HBSS and resuspended
in CM. More than 95% cells were confirmed
to be macrophages by both their morphology
and phagocytosis of ycasis.

Preparation of splenic lymphocytes  Sin-
gle—cell suspensions were prepared in CM
from mouse spleen, and allowed to scttle for
5 min lo remove debris. Having been washed
with HBSS, the cells were resuspended in CM
and treated 3 times in the way described above
to remove adherent cells. The macrophage—
depleted splenic lymphocytes thus obtained
were more than 92% viable as determined with
trypan blue exclusion and contained less than
6.5% macrophages as judged by the
phagocylasis and esterase test.

Ii.—1 production PM® were plated in
24~well plates (Linbro, USA)at 1x 10%/ well
in 1 ml CM. IL-1 production was initlated
by the addition of PAA at varying concentra-
tions ot/ and LPS {10 ug * ml™) at 37C in air
ol 5% CO, for24 h. Contro! wells contained
cells without PAA or LPS. At the end of
incubalion, PAA (0.1 gg - ml™'}Yand / or LPS
(10 ug+ ml™'} were added to the control
wells. Then all the supernatants containing
extraccllular IL—1 were collected and clarified

by centrifugaiion. The remaining adherent
cells were covered with 1 ml fresh CM, [rozen
and thawed repeatedly in a methanol bath,
and then sonicated. This supernatant con-
taining intracellulaar TL—1 was oblained by
centrifugation. Preliminary experiments de-
termining 1L—1 activity in this material indi-
cated that the cell disruption was compleie.

All the supernatants obtained were dialysed at
4C for 24 h against PBS in a volume of 1 :
200 to remove low molecular weight sub-
stances which might affect thymocyte
proliferation. Finally, the supernatants were
passed through a millipore filter (0.22 gm} and
stored at ~70C until tested for IL—1 activity.

IL—1 measurement IL—1 activily was
evaluated by thymocyte proliferalion assay.
Thymocytes (1.5% 10°/ well) isolated from
C57BL / 6) mice were co—cultured, in tripli-
cated wells of 96—wcll flat—hottomed microtit
er plates (Costar, USA), with PMO cultural
supernatant in the presence ol Con A al a final
concentration of 0.5 ug» ml™'. The cultures
werc incubated CM for 72 h, pulsed with
PH]thymidine ("H]JTdR) 46.25 kBg / well dur-
ing the final 16 h and harvested onto glass fi-
ber strips with a microharvester. The
PHITAR uptake by the thymocytes was as-
sayed with a liquid scintillation counter, and
the results were given as dpm incorporation at
a final 1 :4 djluwion of the sample
supernatant.

II.—2 determimation TL—2 activity was
measured as the ability to support 1IL—2—de-
pendent  cytoloxic T—cell line (CTLL)
proliferation as described by Bunges et al”.

IL.—1 absorption and responsiveness To
study TL—1 absorption, 1x 10 macro-—
phage—depleted splenocytes were fixed with
paraformaldehyde and incubated in 0.5 ml
CM conlaining sitandard IL—1 aL 37C for 90
min, Then residual IL—1 activily was

quantitated in absorbed and incubated
unabsorbed supernalants. To study JIL—1
responsiveness of spleen cells, 1x 10°

macrophage—depleted splenocytes were cul—
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Tab 1. Kinetlcs of IL—1 secretion from murine periteneal macrophages induced by PAA 0.5 pg - ml' or / and LPS

10 gg - ml™. a=3, ¥+SD.

***P<0.01 vs medium. *P> 0.05.

P <0.01 vs LPS.

Incubation TIL—1 secretion from PME incubated in (dpm)
time (h) Medium PAA LPS PAA + LPS
0 1143312 1312+ 548 1 677 365 1876 635
2 812 1201 3220+ 566°°" 3894+ 608 6550+1278"
12 1 530 566 4 841 % 452" 5381 %471 20 825+ 2 o2+
24 2040836 7 868+ 40T ""° 6516+ 619 37 405+ 3 272
36 1503+ 357 72542812 5005+ 695 25 460 + 2 709
48 I 606+ 659 6452+ 725 1913+ 466 21 0901 5197
60 1278 £ 230 4 685 701°*° 3153+ 566 18008+ | 876™
tured in the medium containing Con A 0.5  supernatants of PM  treated with PAA
ug - mI™' with or without 5 U standard IL~1  or/ and LPS.

for 72 h ("HITJR present during the final 18
h). [PHITAR incorporation was measured as
described above.

Statistical analysis Differences between
the test guoups and the controls were exam-
ined with ¢ test. All data are given as x + SD
of representative results from 2—4 determina-
tions in triplicates.

RESULTS

Kinetics of IL—1 production from PMO
treated with PAA PMO were cultured with
PAA 0.1 ug+ mlI™ or/and LPS 10 pug-
mi1™', and the supernatants were harvested at
various intervals, The IL—1 activitics in the
supernatants are given in Tab 1. In each
group, augmentation of IL—1 level was found
as carly as 2 h after starting incubation. In all
of the 3 groups the IL-1 production began to
increase at 2 h, The IL—1 level reached peaks
at 24 h and then declined gradually,

IL—2 activity in supcrnatant of PM© cul-
Since IL-2, a T-—cell growth factor,

cause murine thymocytes to
proliferate, it was possibie that IL—2 in PM@
culture supernatants was involved in the
enhancement of IL—1 activity in this system.
To ascertain this possibility, the supcrnatants
were examinced lor IL—2 activity against CTLL
proliferation. In result, no IL-2 activity was
scen (dpm values < 5135) in all the cultural

ture
could

Effect of PAA on extracellular IL—1 pro-
duction from PM® in virro Supernatants
were generated by culturing the PM©@ with
inercmental concentrations of PAA, or with
CM alone. for 24 h. As assessed by the
thymocyee proliferation assay, PAA stimu-
lated extracellular IL—1 production from PMO
{Tab 2). There was no significant cfTect on
thymocyte proliferation of the CM, which
contained wvarious concentrations of PAA
or/ and LPS 10 ug« ml™', during incubation

Tab 2. Fn vitro effect of PAA on release of IL—1 from
murine peritoneal macrophages. Marine peritoneal
macrophages 1 10° ml™ were Incubated with drug(s)

for2d h. n=3, xt8D. ""P<005, ““"P<0.01vs
control.
PAA LPS *H]TdR incroporation (dpm)
g‘lg..') %lg-f) Expcriment 1 Experirment 2
0 0 2127+ 295 1696+ 525
0.001 (1] 2522+ 873 1362~ 354
0.01 0 9705+ 9931°"" 83533+ s41™""
0.1 0 9456 949" 10340 | 2257
l 0 7212 783" 8887+ 771”7
1¢ 0 827611568 835191+ 135°"
100 0 B107x 346 BO91+ 834"
o 10 5195+ 985 Toedd4+ BIS
o000l 10 457114017 102761873
001 10 I6TI624998°" 51 8T8+ 4 163"
0.1 10 3372420347 3076515 5647
1 10 21676 +2490"" 30 285+ 2 544"
10 10 24 6221 2 800" 26 746 £ 31 298"
100 10 23824x1817° 31749136710
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of 24 h and dialysis (data not shown).

Additive stimulation of IL.—1 secretion by
PAA and LPS Results shown in Tab 2 also
indicated that PAA and LPS stimulated
extracellular TL—1 production in an additive
‘manner, suggesting that stimulation of
extracellular [L—1 production by PAA and
LPS occurs via independent mechanisms.

Effect of PAA on intracellular IL.—1 pro-
duction from PM@ [L—1 synthesis and secre-
tion by macrophages may well be 2 distinct bi-
ological events®™. The results in Tab 3 dem-
onstrated that either in the presence or absence
of LPS, PAA resulted in elevation of not only
extracellular but also intracellylar IL—1, and
that in both cases, the stimulating efTects of
PAA on extracellular TL—1 were stronger than
those on intracellular one.

Tab 3. Ir vitro effects of PAA on production of extra—
and Intracellular TL—-1 by murine macrophages.
n=5%, 1t SD. ""P <0.05% vsintracellular TL—1.

Stimutus added IL=1 activity {dpm)

Extracecllular Intracellular
None¢ 2024 536 1536+ 323
PAA (0] g+ mi™) 9584+ ] 387 537611 192

PAA / Nonc

ratio 4.74 £ 0.46 350029
LPS(10 ug » ;i) 726411 144 4048+ 699
PAA + LPS 37TTIIL 273D 15947+ 1712
{(PAA+ LPS) . .

/ LPS ratio 52104 194+ 0.27

In vivo effects of PAA on IL—1 synthesis
and secretion The mice were given ip PAA
and PM@ were then collected and assayed for
extra— and intracellular TL—1 activities. As
shown in Tab 4, in vivo, PAA not only in-
duced extra— and intracellular IL—1 produc-
tion. but also markedly enhanced IL—1 syn-
thesis and sccretion from the PM@ stimulated
with LPS. Furthermore, in hoth cases, PAA
showed stronger promoting effect on TL—1 se-
cretion than that on TL—1 synthesis. These
findings were quite similar to those observed in
the in vitro experiments.

In vivo effects of PAA on IL—1 absorption
and responsiveness of splenocytes In vivo,
IL—1 eifects on immune responses depend on
not noly the IL—1 level but also the number of
IL—1 receptors and IL-1 fesponsiveness of
lymphocytes. Thus, in addition to IL—1
level. we also evaluated the in vivo effects of
PAA on IL—1 absorption and responsiveness
muring macrophage—dcpleted splenocytes. As
shown in Tab 5 and 6, bath the parameters
were not signiflicantly changed. But Cyc obvi-
ously suppressed the absorption of and
responsiveness 10 IL—1 of the spleen cells,
while PAA inhibited the suppressing effects of
Cyec.

DISCUSSION

The above data demonstrated that the
nove!l immunopotentiator PAA in a wide

Tab 4. In vive effects of PAA om extra— and intracellular IL—1 production by murine peritoneal macrophages.

A=3, £ SD. "°"P <0.01 v Intracelular TL—-1.

Macrophage %1;: ;iﬂri:z IL-1 activity {(dpm)

donors (ug » mi™ Extracetlular Intracelutar

Control mice 0 5732+ 508 1841+ 556

Mice receiving PAA 0 13 659+ 1 028 76311187
% ofincrease in IL—| 138.3+0.88""" 98.7+0.13

Control mice 10 11265+ 944 7606t 670

Mice receiving PAA 10 35625+4 354 1916491 323

% of increase in IL-1

2163+ 1.83"" 152.0+£1.38
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Tab 5. 7In vivo effect of PAA on IL—1 absorption by murine sdherent cell-depleted splenocytes. n=3. The results
are glvem a8 1+ SD¥ (% sctivity sbsorbed). " P < 0.05 vs control mice.

IL—-1 absorbed with
spleen cells from

Experiment |

Residual IL—1 activity (dpm)
Exaperiment 2

None

Control mice

Mice receiving PAA

Mice receiving Cye

Mice receiving Cyc + PAA

44 505£5 129
8437+ 274(81)
10018+ 929(77)
19 886+ 1 386(55) "
10 614+ 1 548(76)

58 944+ 5 598

14 929 £ 1 316(75)
16 106 £ 1 482(73)
32881 3 227(44)"
17 783 £ 2 227(70)

Tab & In vivo effects of PAA on proliferative response of murine sdherenst cell—depleted splenocytes to FL—1. Ad-
kerent cell-depleted splenocytes from cach mounse were incubated wltyh 0.5 ug - ml™! of Con A and in the sbsemce or
presence of standard IL—1 for 72 h. Cell proliferatlon was determined by PHJTAR incorporation during the final 16

h n=3, xtSD. “"P<0.05 vs control mice.

Splenocyte [*RITdR uptake by splenocyte ([dpm) Stimulation
donors —IL-1 +1IL-1 index
Control 25434 1 2 460 123 106+ 12535 4.84+0.92
PAA 24 667+ 2 586 1127271 13010 457+ 118
Cve 21 82612207 57402 7773 263+0.79""
Cyc+PAA 25 439+ 4606 102013 £ 10 475 4011 0.81

range of concentration auwgmented IL—1 syn-
thesis and secretion from murine peritoneal
macrophages both in vitro and in vive, and
was able to eliminate the suppressing effect of
CY on immune response.

In the IL—1 assay PAA and LPS did not
affect the IL—1 enhancement of Con A-in-
duced proliferation of the thymocytes from the
C57BL / 6) mice, because after incubation
and dialysis the CM containing PAA or / and
LIPS did not enhance the suboptimal Con
A—induced proliferative response of the
thymocytes (data not shown). Thus our
dialysis was effective and the residual PAA or
LPS in the PM® cultural supernatants was not
responsible for the enhancement observed. In
addition, IL—2 activity was also not present
in the cultural supernatants of PMO® treated
with PAA or LPS as demontrated by CTLL

assay in this study.

Clinical investigations have demon-
strated the efficacy or adjuvant effect of PAA
in treatment of the tumor patients. Recent
studies have shown the involvement of IL—1 in
the tumoricidal activity of macrophages™
and generation of cytotoxic T—cells™. Thus,
the present data suggest that the augmentation
of IL-1 synthesis and secretion after
stimutation with PAA might. in part, medi-
ate the antitumor activity of PAA, and that
the antagonism of PAA against the sup-
pressing  effects of the commonly—used
antiturmnor agent Cyc on IL—1 receptor expres
sion and responsiveness of lymphocytes 15 one
of the mechanisms of PAA in adjuvant treat-
ment of tumors,

(3

In addition to the antitumor activity and
the key role in the generation of an immune re-
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sponse, IL—1 also mediates many other bio-
logical events, including stimulation of
T—ccll proliferation and IL—2 production!?,
co—stimulation of B-lymphocytes“”. regula-
tion of B—cell differentiation"?. Thus the find-
ings in this investigation also provide experi-
mental basis for possible clinical application of

this novel drug in a wider range.
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