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ABSTRACT A protein—bound polysaccharides
(PSP) isolated from Coriolus versicolor in Shanghai,
at the concentrations of 100—-800 ug/ ml promoted
lymphocyte proliferation. PSP 25 mg/kg ip into
mice for 5 d antagonized the inhibition of IL-2 pro-
duction by cyclophosphamide from activated T
lymphocytes and restored the suppressed T—cell-me-
diated delayed type hypersensitivity response to nor-
mal. PSP 10—1000 ug / ml induced interferon « and
y production from human peripheral leukocytes 4 and
8 times respectively higher than that of the control
groups. Moreover, PSP also increased phagocytic
functions of host reticulo—endothelial system. The
results suggest that the anti—tumor effects of PSP may
be related to its potentiation of host immunological
responses.
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PSP, the protein—bound polysaccharides,
extracted from a strain of Coriolus versicolor
in Shanghai Teachers University, has been
proved to be effective against tumor both ex-
perimentally and clinically™?.  When PSP
was combined with chemotherapy, radio—
therapy or surgery for cancer patients, it les-
sened the side effects of radiation, relieved
pain and improved appetite, thus improved the
whole condition of patients. Its antitumor
effects were related to the potentiation of
immunological responses, especially T cell me-
diated immune responses of tumor—bearing
hosts®.  Since T lymphocytes play an impor-
tant role in immune responses and T cell defi-
ciency existed in many diseases, it is of great
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interest to investigate if PSP can potentiate T
cell functions, such as T lymphocyte pro—
liferation, interleukin—2 (IL—2) production,
delayed type hypersensitivity and interferon
inductions.

MATERIALS

PSP: Lot no. K—881224, m = 150 kDa,
brown powder, soluble in water, was provided
by the Mushroom Research Laboratory of
Shanghai Teachers University.

Mice Inbred strain C57BL and ICR %
mice, 3 months of age, body weight 20+ SD 2
g ; BALB/ cA inbred ¢ mice, 6—8 wk of age,
were obtained from Shanghai Animal Center,
Chinese Academy of Sciences.

Reagents Concanavalin A (Con A) was
purchased from Sigma Co., Cyclophos—
phamide (Cyc) from Shanghai No. 12
Pharmaceutical Co., a—methyl-mannoside
from Fluka AG and [*H] thymidine from
Shanghai Institute of Nuclear Sciences.

Medium RPMI 1640 was purchased from
Gibco Laboratories. All RPMI 1640 con-
taining media were supplemented with HEPES
buffer 10 mmol /L, penicillin 100 TU / ml],
streptomycin® 100ug / ml, L—glutamine 2
mmol / L, 2-mercaptoethanol (50 ymol/ L),
and 10% newborn bovine serum (NBS), pH
was adjusted to 7.2.

METHODS AND RESULTS

1 Effect on lymphocyte proliferation
CS7BL 2 mice were killed by cervical dislo-
cation. The spleens were removed and single
cell suspensions were prepared at concentra-
tion of 4 x 10% cells/ml.  For in vitro ex-
periments, cells (100 ul) were dispensed into



individual wells of 96 well flat bottom plates
(Costar) in the presence of mitogen Con A (5
ug / ml) and various concentrations of PSP
(100 ul). Lymphocyte proliferation was ex-
pressed by the incorporated radioactivity of

PHJTdR which was added to each well 6 h
before harvesting®.  All experiments were
performed at least twice (Tab 1). PSP 100 -
800 ug/ ml caused a promoting action on
lymphocyte proliferation by increasing DNA
synthesis, When T cell mitogen Con A was
added, the proliferation of T cells appeared to
be more evident. The incorporated dpm val-
ue at 800 ug / m] was 4 times higher than that
of the control.. The T cell-promoting effect
of PSP was dose—dependent both in the pres-
ence and in the absence of Con A, indicating
that PSP per se is a T cell stimulator and PSP
has also a syncfgetic action with Con A.

Tab 1. Effect of PSP on T lymphocyte proliferation in
vitro. The final concentration of mitogen Con A was §

pug/ml. n=3, x 1 SD. "P>0.05 “"P<0.05,
***P<0.01 ys control.
PSP [*H]TdR incorporation (dpm)
(ug / ml) without Con A with Con A
0 1957£378 3333+ 767
25 1798 + 383° 2680+ 480°
50 2535+282" 3750+ 822"
100 3652 257" §725£515°°
200 3470+ 720°° 8525+ 2188°°
400 3692+ 782" 14927+ 2718°°°
800 5228+ 1157"° 15340 £29t7""°

2 Effect of PSP on IL-2 production in
mice  Spleen cell suspensions (2 x  10°/ m1)
were prepared.  Cell suspensions 2 ml were
sceded into wells of 24—well culture plates
(Costar) and was incubated at 37C in 5%
CO, incubator for about 24 h in the presence
or absence of Con A 5 jig / ml for induction of
IL-2. After incubation, the putative
IL.—2—containing supernatants were harvested
and centrifuged to remove cell debris and
stored at —25C . IL-2 activity was deter-
mined by activated splenocytes®. IL-2
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activity was expressed by the ability of
IL—2—containing supernatants to support
lymphoblast (Con A-—activated lymphocytes)
growth which was measured by PHJTdR in-
corporation into DNA using scintillation
counter®,  The results were listed in Tab 2.
PSP 25 mg / kg ip into mice, caused a tenden-
cy to increase IL-2 production from
splenocytes. Cyclophosphamide (Cyc) 25
mg / kg ip q2d. inhibited IL-2 production
(P<0.01), but when PSP ip injected daily to-
gether with Cyc, the inhibition of IL—2 pro-
duction by Cyc did not appear any more and
IL-2 production reached nearly to that of the
normal mice.

Tab 2. Effect of PSP on interleukin 2 production from
mouse splenocytes in vivo. n=7, x + SD." P>0.05,
***P<0.01 ys comtrol. P <0.01 vs Cyc group.

IL—-2 activity

T t

reatmen Dose (mg / kg) (PHITR dpm)
Control — 4228+ 110
PSP 2§ x 5d 5048+ 257°
Cyc 25qg2d. 2595+ 717"
PSP + Cyc 3957 + 200"

3 Effect of PSP on interferon (IFN) induc-
tion Anticoagulated normal human
peripheral  leukocytes  were  separated
aseptically from healthy blood donors and
made to concentration of 1'% 10" cell / m! as
IFN inducing cells . For «—IFN induction,
Newcastle disease virus (NDV~-F line) 64—128
HAU /m! was added into the inducing
cells.  After spinningly cultured for 24 h at
37T , the supernatants were harvested, virus
was inactivated and preserved for IFN
assay. For y—IFN induction, PHA (100
ug/ ml) was used as inducing agent. By
means of spinning culture for 48 h at 37C, the
supernatants were harvested and preserved for
IFN assay. Human amnionic WISH cells
were used as surveying cells. After they
formed a monolayer on a 96—well plate in 5%
CO, incubator at 37C, serial dilutions of the
above induced crude IFN preparations were
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added to each well as protectors. Then at-
tacking virus (VSV—Indian strain) 100—500
TCIDS5S0 were added to strike the surveying
cells, The IFN titer was determined as the
reverse counts of the highest dilution which
inhibited more than 50% of cytopathological
changes as compared with controls. Stand-
ard «—IFN and y—-IFN were used for correc-
tion and calculated into TU / ml. The results
were listed in Tab 3. PSP 10-1000 ug/ ml
increased a—IFN to 8000—16000 IU / m], i.e.
48 times higher than that of classical group
or 2—4 times higher than that of the priming
group. The effect of PSP revealed a
dose—dependent relationship.  The titer of
a—IFN was not reduced after acidified, neu-
tralized or 56 C denatured, indicating that it is
an acid and heat stable a—IFN. y-IFN titer
in PSP (10—1000 ug/ ml)—treated super—
natants was 4 times higher than classical
groups and 2 times higher than that of priming
groups. The same results were obtained after
repeating the experiments 4 times. It is
therefore concluded that PSP has the ability to
induce IFN—« and y production.

Tab 3. Effect of PSP on interferon induction from hu.
man peripheral leukocytes. The experiment was re-
peated 4 times and the results were zil the same.
Interferon titers were calculated as TU / m! x 107

Classical* Priming® PSP (ug/ ml) group®

group group 1 10 100 1000
IFN—« 2 4 8 16 16 16
IFN—y 2 2 2 4 4

a: neither drug nor priming interferon was added into
the culitures.

b: interferon (200 TU / ml) was added in the WBC cul-
tures and preincubated at 37C for 1 h.

c: PSP were added into human WBC suspensions and
incubated for 24 h.

4 Effect of PSP on T cell-mediated de-
layed type hypersensitivity (DTH) reaction in
mice 1% Dinitrofluorobenzene (DNFB) was
dissolved in acetone oil (1:1) solution just be-
fore use. 1% DNFB solution 50 ul was

spread on the shaved abdominal skin (3 x 3
cm?) of C57BL mice on d 0. PSP 50 mg / kg
ip daily from d1-5. Ond 5,1% DNFB 10 ul
applied on the right ear, while the left one was
used as control. After 24 h, 8—mm diameter
ear pinna was taken from both ears. The
weight difference between right and left ear
pinna was considered as the degree of DTH
reactions.  Results were shown in Tab 4,
PSP alone had no effect on DTH response.
Cyc inhibited DTH response and thymus in-
dex (P<0.01). When mice received PSP and
Cyc together, the inhibition of Cyc on DTH
was no longer seen and DTH response re-
stored to normal.

Tab 4. Effect of PSP 1p into mice on
dinitrofluorobenzenc (DNFB)-induced delayed—
type—hypersensitivity (DTH) response. n=8, x * SD.

*P>0.05 '"P<0.05 °""P<0.01 vys control.
*P>0.05, “'P<0.05vs Cyc group.
Spleen Thymus
mg/kg DTHR-L) index index

Control - 110234 59.7+£9.8 145142
PSP 25 13.3£5.1° 61.0t86"° 16.8+28°
Cyc 25 79123 469148 8.1x20°°
PSP+Cyc 25+25 13.0x4.1"* 59.2+7.5% 9.6x4.0"

5§ Effect of PSP on clearance rate of iv
charcoal particles in mice PSP 50 mg/ kg
was injected ip daily to ICR & mice for 4 d.
Indian ink (Winsor & Newton product,
England 1:5 diluted) was injected iv 10
ml/ kg. Punctually at 2 and 20 min after iv,
20 ul of blood were taken from retro—orbital
vein and dissolved into 2 ml Na,CO, 0.1 %
solution. Absorbance was measured at 680
nm. Clearance index X and phagocytic in-
dex a were calculated as previously
reported®. PSP 50 mg/ kg elevated both
K values (control group 0.018 + 0.004, n=14;
PSP group 0.028* 0.007, n=18. P<0.01)
and a value (415 044 to 4.74% 0.56,
P<0.05), indicating that it increased the
phagocytic function of host reticulo—
endothelial system,



DISCUSSION

The authors reported before that PSP
may prevent the tumor—induced immuno—de-
ficiency and potentiate antibody formation in
normal and tumor—bearing mice®. This pa-
per showed further that PSP increased the
production of IL-2 and IFN and the

- phagocytic action of reticulo—endothelial sys-

tem. Since natural killer cells play an impor-
tant role in host defence, the anti—tumor effect
of PSP may be mediated through increasing
production of IL—2 and IFN which then aug-
ment cytotoxic activity of natural killer cells
syncrgetlcallym The immune—enhancing ac-
tions of PSP on immunosuppressed mice
caused by CY are more evident than that on
normal mice. The effects of PSP is more sig-
nificant when given in vivo than that in vitro.
These results all suggest that PSP is a
host—mediated biological response modifier.
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