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ABSTRACT

PSK was administered to the retired workers of the Poison Gas factory who showed
high incidence of malignancy and immunological abnormalities. Furthermore, changes
of various immunological parameters were studied. In the group in which Leu 1
positive rate showed a low value, Leu 1 positive rate showed significant increase after
PSK administration. NK cell activity as well as Leu 7 positive rate showed significant
elevation after PSK administration. It seems that PSK potentiates the immunity of
non-tumor bearing individuals with depressed immunity.

INTRODUCTION

With the dramatic advances made in tumor .

immunology in recent years, immunotherapy
of tumors has been made with the use of
various non-specific immunotherapeutic drugs
and a good number of basic and clinical reviews
have been reported. The action mechanism of
these immunotherapeutic drugs is chiefly of the
host mediated type and their property as biolog-
ical response modifier (BRM) has been empha-
sized.

PSK [Krestin (R)], a protein-bound polysac-
charide derived from basidiomycetes, is one of
those immunotherapeutic drugs clinically ap-
plied in Japan. The authors have administered
PSK to the retired workers of the Poison Gas
factory established by the former Japanese army
who constitute a high risk group of malignant
neoplasms such as lung cancer?®2? and who
show such immunological abnormalities as
decrease in ce]l mediated immunity'® and have
attempted to elucidate the action mechanism of
PSK as BRM by measuring various immu-
nological parameters.

MATERIALS AND METHODS

Subjects

Group A: Eight volunteers among the re-
tired workers of the Poison Gas factory were
employed as subjects. They were all males
whose average age was 60.0+2. 7 years. Group
B: Four volunteers among the retired workers
of the Poison Gas factory whose peripheral
blood lymphocyte subsets had been examined
prior to PSK administration and whose Leu 1
positive rate showed a low value were used as
subjects. They were all males whose average
age was 75.0+45.8 years.
Method and period of PSK administration

Oral administration of PSK at the usual dose
of 3.0g/day was given three times a day after
meals. The period of administration was 8
weeks for Group A and 4 weeks for Group B.
The employed immunological parameters and
their methods

Number of peripheral blood lymphocytes and
PPD . skin reaction. Number of peripheral
blood lymphocytes was obtained by multiplying
the absolute number of peripheral blood leu-
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kocytes by lymphocyte ratio. Furthermore,
PPD (Japan BCG) for general diagnostic use
was employed. The average longitudinal diam-
eter and transverse diameter of erythemagwere
expressed in mm.

PHA and ConA response of peripheral blood
lymphocytes. PHA and ConA response of pe-
ripheral blood lymphocytes separated by Ficoll-
Hypaque gradient centrifugation was expressed
in c. p. m. with incorporation of *H-TdR?,

Peripheral blood lymphocyte subsets. By
indirect immunofluorescence technique using
Leu series monoclonal antibodies, anti-Leu 19,
anti-Leu 2a®, anti-Leu 3a®, and anti-Leu 77,
(Becton-Dickinson), peripheral blood lympho-
cyte subsets were identified and then expressed
in %. Furthermore, the ratio of Leu 3a to
Leu 2a was obtained.

NK cell activity. Peripheral blood lympho-
cytes, as effector cells, were cultured for 3hr
with K-562 derived from chronic myelogenous
leukemia as target cells at E:T ratio of 25:1
and NK cell activity was obtained by 3Cr
release assay method? by the following equa-
tion:

Cytotoxic activity

_experimental release—spontaneous release

maximum release-spontaneous release

x100( %)
Moreover, maximum release was obtained by
adding detergent (1% Nonidet-P40).
Macrophage mediated cytostatic — activity.
Peripheral blood mononuclear cells obtained by
Ficoll-Hypaque gradient centrifugation were
added to plastic dishes coated with fetal calf
serum (FCS), and after removing non-adherent
cells, monocytes were obtained by stripping
away by rubber policeman and then used as
effector cells. Using MeWo derived from human
melanoma as target cells, they were cultured
for 48 hrs with E:T ratio of 10:1, and using
the post-label method®'® of 3H-TdR, cytostatic
activity was obtained using the following equa-
tion.

Cytostatic activity

cpm of *H-TdR incorporated in viable

1— target cells with effector cells
l cpm of *H-TdR incorporated in viable
target cells without effector cells

x100(%)

Serum interferon activity. The inhibitory
effect of serum on the cytopathic effect (CPE)

of Sindvis virus against FL cells was deter-
mined by the dye uptake method!® using 0.02%
neutral red as unit from 50% CPE value.

Various serum proteins. Such glycoproteins
as a;-Antitrypsin (o;-AT), a;-Acid glycoprotein
(a;-AG), a,-Heat stable glycoprotein (as-HS)
and C; component (C;) and such immunoglob-
ulins as IgG, IgA, and IgM were determined
by single radial immunodiffusion method.

In Group A, the changes of parameters are
presented prior to administration, 4 weeks after
administration, and 8 weeks after administra-
tion, and in Group B the changes of parameters
are shown prior to administration and 4 weeks
after administration.

Statistical analysis was done by means of
Student’s t-test. All data were expressed in
average and standard deviation.

RESULTS

Changes of immunological parameters in Group
A

Number of peripheral blood lymphocytes and
PHA and ConA response of peripheral blood
lymphocytes (Fig. 1)

No significant change in number of blood
lymphocytes and PHA and ConA response of
peripheral blood lymphocytes could be observed
by PSK administration.

Peripheral blood lymphocyte subsets (Fig. 2)

Leu 1, Leu 2a and Leu 3a positive rate was
studied, but no consistent trend could be ob-
served. No significant change could be ob-
served in these parameters including Leu 3a/
Leu 2a ratio,

NK cell activity (Fig. 3)

NK cell activity was 23.3+4.3% prior to
PSK administration, but it elevated to 25.1-+
5.0% 4 weeks after PSK administration and to
37.748.3% 8 weeks after PSK administration.
A significant elevation (p<{0.01) was observed
between that prior to PSK administration and
that 8 weeks after PSK administration.
Macrophage mediated cytostatic activity (Fig.
4)

Large variations in activity was observed by
case and no significant change could be demon-
strated. Moreover, no remarkable change could
be seen in individual cases.

Others (Table 1)

No significant change could be seen in serum

interferon activity by PSK administration, Fur-
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Fig. 1. Changes of number of lympho cytes and PHA, Con A response of lymphocytes in Group

A by PSK administration
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Fig. 2. Changes of lymphocyte subcets in Group A by PSK administration

thermore, no significant change could be demon-
strated in «-AT, a;-AG, «a,-HS, C; IgG.
IgA, and IgM.

Changes of immunological parameters in Group
B

Number of peripheral blood lymphocytes, PPD
skin reaction and PHA response of peripheral
blood lymphocytes (Fig. 5)

No significant change could be demonstrated
in number of peripheral blood lymphocytes,
PPD skin reaction, and PHA response of pe-
ripheral blood lymphocytes.

Peripheral blood lymphocyte subsets (Fig. 6)

A study was made of Leu 1, Leu 2a, Leu 3a,
and Leu 7 positive rate. Leu 1 positive rate
was 43.1+3.4% prior to PSK administration



796 . M. Yamakido et al.

501

N
b

cytotoxic activity (%)
(4%
<
R e o
/
—
[ ]
\

Do
i

10

»

«

0 d 8
week
Fig. 3. Changes of NK cell a ctivity in Group A
by PSK administration
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Fig. 4. Changes of macrophage mediated cytostatic
activity in Group A by PSK administration

Table 1. Changes of interferon activity and various serum proteins in Group A by PSK administration

before 4W 8W

Interferon (U/ml) <6 <6 <6
a;-AT  (mg/dl) 298.3+ 37,09 290.3% 30.0 283.1+ 22.4
a-AG  (mg/dl) 98.6+ 31.1 93.3+ 19.5 115.9+ 18.2
a,-HS (mg/dl) 73.6+ 8.6 78.5+ 12.3 73.3% 15.2

Cs  (mg/dl) 100.5% 16.9 91.1%+ 11.2 87.5+ 15.7
lgG (mg/dl) 1705.4+328.1 1665.6+283.9 1597.0+189.0
lgA (mg/dl) 301.8+126.0 325.3+259.4 324.5+204.8
IgM (mg/dl) 191.9+131.8 215.8+ 78.2 147.0% 70.7

a) Data present mean+S. D,

Table 2. Changes of interferon activity and various
serum proteins in Group B by PSK administration

before 4W

Interferon (U/ml) <6 <6
a;-AT (mg/dl) 873.0+ 38.9%  407.5+ 38.9
a-AG (mg/dl)  74.8+ 14.3 81.8+ 19.8
ay-HS (mg/dl) 38.8+ 6.1 48.8+ 6.1
Cs (mg/dl)  60.8+ 4.3 65.0% 7.0
lgG (mg/dl) 1940.0+336.2  2055.0-:352.5
IgA (mg/dl) 390.5+193.2 359.5+200.4
lgM (mg/dl) 191.5+ 39.3 193.5+ 41.6

a) Data present mean+S.D,

to increase to 52.24+2.1% 4 weeks after PSK
administration, showing a significant elevation
(p<{0.01). Furthermore, Leu 7 positive rate
was 33.5+4.7% prior to PSK administration
to increase to 42.3+1.1% 4 weeks after PSK
administration, also showing a significant ele-
vation (p<{0.05). However, Leu 2a and Leu
3a positive rate, including Leu 3a/Leu 2a ratio,
did not demonstrate any significant change.
NK cell activity (Fig. 7)

NK cell activity prior to PSK administration
was 24.74+11.7% to elevate to 32.6+15.5% 4
weeks after PSK administration, but the dif-
ference did not reach the significant level,
Others (Table 2)
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Fig. 5. Changes of number of lymphocytes, PPD skin reaction and PH A response of lymphocytes in
Group B by PSK administration
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Fig. 6. Changes of lymphocyte subsets in Group B by PSK administration

No significant change in serum interferon seen in a;-AT, a;-AG, a,-HS, C; IgG, IgA,
activity was observed by PSK administration, and IgM.
Furthermore, no significant change could be
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Fig. 7. Changes of NKcell activity in Group B by
PSK administration

DISCUSSION

In recent years various types of non-specific
immunotherapeutic drugs have been developed
and a good number of reports have been pub-
lished on their basic action mechanism and
clinical effects. It has been reported that PSK
has anti-tumor effect against experimental tu-
mors®»2%20 | that its administration prior to tu-
mor transplantation in particular has an inhibi-
tory effect on the growth of the transplanted
tumor?®2) and that its anti-tumor effect is of
the host mediated type, that is, it possesses the
property of BRM.

The authors have reported that the retired
workers of the Poison Gas factory are a high
risk group of malignant neoplasms such as
lung cancer?®?® ant that they show such im-
munological abnormalities as depression in cell
mediated immunity'®. In the present study the
authors using as subjects the retired workers
of the Poison Gas factory examined the mech-

anism of immunopotentiation of PSK in non-
tumor bearing individuals with immune depres-
sion.

Among the retired workers of the Poison
Gas factory, included in Group A were eight
individuals whose immune function was com-
paratively well maintained and included in
Group B were four individuals whose Leu 1
positive rate was found to have a low value
as determined by examination of their periph-
eral blood lymphocyte subsets. The effect of
PSK administration was studied in these two
groups.

Kondo et al. administered PSK on aged non-
tumor bearing individuals with depressed immu-
nity and studied both the short term and long
term effects of PSK administration using as
indices various skin reactions and PHA re-
sponse of peripheral blood lymphocytes. They
have reported as results of their studies that
PPD skin reaction was enhanced with initiation
of PSK administration, that PHA response of
peripheral blood lymphocytes using stimulation
index (S.1.) began to elevate from the first
month after PSK administration, and that these
effects continued during the period of PSK
administration'®29, In the author’s present
study, no significant change could be observed
in both PPD skin reaction and PHA response
of peripheral blood lymphocytes and further-
more no consistent tendency could be seen in
cases with low values prior to PSK adminis-
tration.

The most remarkable finding in the present
study was the significant elevation in Leu 1
positive rate observed four weeks after PSK
administration in Group B which had a low
Leu 1 positive rate. According to Oguchi, Tsu-
ru et al. who administered PSK to mice, PSK
by activating cell division in the thymus dem-
onstrated the action of bringing about recovery
from depression of thymus function in tumor
bearing state prior to its inhibitory effect on
tumor proliferation and furthermore by pre-
venting atrophy of the thymus PSK displayed
its effect of inhibiting tumor proliferation!®#?,
The significant elevation of Leu 1 positive rate
of the peripheral blood lymphocytes observed
in the present study by the authors is con-
sidered to be one of the dominant properties
of PSK as BRM.

On the other hand, Ogoshi et al. have re-
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ported in their study of pre-operative and post-
operative cases of gastric cancer that PSK ad-
ministration inhibits the significant increase of
IgG-FcR* T cells during the post-operative
period'®, but in the present study of the au-
thors no consistent trend was observed in Leu
2a and Leu 3a positive rate, including Leu 3a/
Leu 2a ratio, by PSK administration and no
significant change could be seen.

In examining the changes in NK cell activity,
a significant increase was observed eight weeks
after PSK administration when compared to
that prior to PSK administration i. Group A.
Ferthermore, in Group B no significant dif-
ference could be observed, but four weeks after
PSK administration NK cell activity tended to
elevate. Study of Leu 7 positive rate in Group
B showed a significant elevation four weeks
after PSK administration and it was concidered
that elevation of NK cell activity and increase
in Leu 7 positive rate were closely related to
each other. Oguchi et al. have reported that
IL-2 production of mouse spleen cells is ele-
vated by PSK administration!”, but though not
examined in the present study, there is a pos-
sibility that NK cell activity is enhanced through
the elevation of IL-2 production.

With regard to macrophage function, Inoku-
chi, Kumashiro et al. have reported that PSK
activates macrophage by the fact that Os pro-
duction of peritoneal macrophage is enhanced
by PSK administration”, but in the in wvitro
study of Konishi, it was observed that PSK
did not enhance monocyte mediated citostatic
activity!®., The authors examined monocyte
mediated cytostatic activity using MeWo as
target cells, but no significant change could be
observed by PSK administration.

In an in vivo study of tumor bearing mice
Kitani et al. have observed that PSK adminis-
tration brought about a recovery of depressed
interferon activity”, but in the present study
made by the authors no significant change in
serum interferon activity could be observed.

In a detailed study on the effect of PSK
administration on humoral immunity Nomoto
et al. have reported that PSK restores antibody
production in tumor bearing mice and reactivates
humoral immunity!¥, while Tanaka et al. have
observed in cases of gastric cancer received
curative operation that serum IgG and IgM
were elevated by PSK administration!?, In the

present study the authors could not observe
any significant change in serum proteins, in-
cluding immunoglobulins.
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