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Abstract

In order to improve the postoperative prognosis of gastric cancer patients we have performed
preoperative endoscopic intratumoral administration of various biological response modifiers. In
the present study we have investigated the kinetics and the immune response augmenting effect of
intratumorally injected PSK, a protein-bound polysaccharide preparation, by immunohistochem-
ical methods using anti-PSK antibody and various other antibodies. PSK-containing cells were
located in the tumor tissues and follicular marginal zones of regional lymph nodes. Intratumorally
administered PSK appeared to be phagocytized by the histiocytes and to cause them to become
antigen-presenting cells. These cells may play a major role in augmenting immune responses in
gastric cancer patients.
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In order to improve the postoperative prognosis of gastric cancer patients we
have performed preoperative endoscopic intratumoral administration of various bio-
logical response modifiers. In the present study we have investigated the kinetics
and the immune response augmenting effect of intratumorally injected PSK, a
protein-bound polysaccharide preparation, by immunohistochemical methods using
anti-PSK antibody and various other antibodies. PSK-containing cells were located

in the tumor tissues and follicular marginal zones of regional lymph nodes.

Intra-

tumorally administered PSK appeared to be phagocytized by the histiocytes and to
cause them to become antigen-presenting cells. These cells may play a major role
in augmenting immune responses in gastric cancer patients.

Key words : PSK, immunohistochemistry, gastric cancer

A variety of biological response modifiers
(BRMs) have been utilized to enhance anti-
tumor activity in cancer patients and to im-
prove their prognosis. Since 1978, we have
endoscopically infused a variety of BRMs
prior to surgery in order to evaluate their
antitumor effect. We reported that intra-
tumoral injection of BRMs leads to the en-
hancement of both lymphocytic infiltration
within the tumor site and antitumor activity
(1-4). However, the mechanisms whereby
BRMs augment antitumor activity have not
vet been investigated in detail. Therefore,
we investigated the kinetics and immune
response-augmenting mechanism of locally
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administered PSK, a protein-bound polysac-
charide preparation (5) by immunohistochemi-
cal staining using anti-PSK and other anti-
bodies.

Materials and Methods

Subjects and antibodies used. PSK (Krestin™,
Kureha Chemical Ind., Co., Ltd., Tokyo, Japan)
is a protein-bound polysaccharide extracted and
purified from cultivated mycelia of Coriolus versi-
color CM-101 belonging to Basidiomycetes. This
preparation contains 18-38% protein which con-
sists of 18 kinds of amino acids. Mean molecular
weight of PSK is about 10° by ultracentrifugation
technique and its estimated structure of polysac-
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charide portion of PSK comprises a- or 8-glucan
with 1 -4, 1 53 or 1 -6 branches. Two hun-
dred fifty mg/5ml of PSK was injected endo-
scopically into tumor sites of 18 gastric cancer
patients 7 days before surgery. Resected stomach
and dissected lymph node specimens were used
for immunostaining (Table 1).

Table 1 Antibodies used
Antibody Specificity
Anti-PSK PSK
S-100 protein Dendritic cells
OKT 6 Thymic T-lymphocytes
OKla 1 B-cells, monocytes, activated T-cells
OKM 1 Monocytes, null cells, granulocytes

Polyclonal antibody against PSK and staining
method. In order to observe localization of PSK,
paraffin sections were subjected to indirect im-
munofluorescent staining with anti-PSK antibody
(Kureha Chemical Ind., Co., Ltd.)(5). After
the removal of paraffin, anti-PSK antibody was
dropped onto the sections, which were then in-
cubated for 1h at room temperature in a moist
chamber. The sections were rinsed three times
with phosphate-buffered saline (pH 7.4) (PBS),
stained with fluorescein-labelled anti-rabbit IgG
antibody (Kirkegaard & Perry Laboratories, Inc.,
Gaithersburg, MD, USA), incubated for 30 min
at room temperature in a moist chamber and then
rinsed in PBS. The stained tissue was examined
under a Vanox Universal Microscope equipped with
a Model BHS-RFK-AI attachment for fluorescent
microscopy (Olympus Optical Co., Ltd., Tokyo,
Japan).

Double immunohistochemical staining. Double
staining with anti-PSK antibody and anti-S-100
protein antibody (q-chain-specific, Ohtsuka Phar-
maceutical Co., Ltd., Tokyo, Japan) was performed.
Deparaffinized sections were stained with anti-
PSK antibody, followed by fluorescein-labelled anti-
rabbit IgG antibody to produce a green reaction
product. The sections were then stained with anti-
S-100 protein antibody, followed by phycoerythrin-
labelled anti-mouse IgG antibody (Vector Lab., Inc.,
Burlingame, CA, USA) to yield a red reaction
product. Deparaffinized sections were also stained
for a-naphtyl-acetate esterase (ANAE) (6).

Other monoclonal antibodies. Cryostat sec-
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tions of fresh lymph nodes were treated with mono-
clonal antibodies. Acetone-fixed sections were al-
lowed to react with the monoclonal antibodies

OKT6, OKlal and OKM1 (Ortho Diagnostic Sys-
tems, Inc., Raritan, NJ, USA) overnight at
4°C. After being washed three times with PBS,
they were incubated with biotin-conjugated horse
anti-mouse immunoglobulin antibodies and avidin-
biotin peroxidase complex (ABC Kit PK-4002,
Vector Labs., Inc.). Finally the sections were
soaked in 0.02% 3, 3-diaminobenzidine (DAB) so-
lution with 0.03% H,0, for 3 to 5 min and counter-
stained with Meyer’s hematoxylin solution.

Results

Anti-PSK antibody positive (i. e. reactive
with anti-PSK antibody) cells were observed
at the PSK injected site(Figs. 1a and b). Flu-
orescent granular substances were observed
in the cytoplasm of histiocytes in the tu-
mor and its periphery as contrasted with
hematoxylin-eosin staining of the same area.
The injected PSK is seemed to be phago-
cytized by histiocytes.

In the regional lymph nodes (7), anti-
PSK antibody positive cells were found at
follicular marginal zones and marginal si-
nuses (Fig. 2).

The results of double staining with anti-
PSK antibody and anti-S-100 protein anti-
body in the regional lymph nodes are shown
in Fig. 3. Some cells were stained green
by fluorescein indicating that these cells
were anti-PSK antibody positive (Fig. 3a).
Many of these cells were stained red by
Fig. 1 Paraffin section from the PSK-injection site,
(a) Indirect immunofluorescent staining was performed with
anti- PSK antibody and fluorescein-labelled anti-rabbit IgG
antibody. The immunoreactivity is present in cytoplasm

of histiocytes with granular immunostaining (arrowheads).
{(b) Hematoxylineosin staining of the same area as seen in(a).

Fig. 2 Paraffin section from regional lymph node immu-
nostained with anti-PSK antibody and fluorescein-labelled
anti-rabbit IgG antibody. Positive cells are mainly located
in the marginal zone of the follicles (arrowheads).
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Fig. 3 Double immunochemical staining of the regional lymph node with anti-PSK antibody and anti-S-100 protein
antibody. Anti-PSK antibody positive cells are stained green by fluorescein (a) and S-100 protein positive cells were
stained red by phycoerythrin (b). Many of anti-PSK positive cells are S-100 protein positive which were stained yellow
by the double immunochemical staining (c) (arrowheads).
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Fig. 4 Frozen section from anti-PSK antibody positive regional lymph node immunostained by indirect immunoperoxidase
staining with OKT6 (a), OKIal (b) and OKMI (c). Positive cells are visible in the marginal zone of the follicles

(arrowheads).

Produced by The Berkeley Electronic Press, 1989



Acta Medica Okayama, Vol. 43[1989], Iss. 5, Art. 5

294 Tomochika et al.

phycoerythrin indicating they were S-100 In the anti-PSK antibody positive lymph
protein positive (Fig. 3b). These anti-PSK nodes, OKT6 positive cells were located in
antibody and S-100 protein positive cells the marginal zone of the follicles (Fig. 4a)
were stained yellow by the double immuno- and OKIal and OKM1 positive cells were
chemical staining (Fig. 3c). visible in the follicles and follicular mar-

Fig. 5 Paraffin section from anti-PSK antibody positive regional lymph node stained for «-naphtyl-acetate esterase.
A large number of positive cells are located in the marginal zone (arrowheads).

Table 2 Ratio of T-cell subsets of regional lymphnodes in untreated controls, and patients intratumorally adminis-
tered PSK

Ratio®
Group? T-cell subsets

Control (n=5) PSK (n=9)

OKT4*/0OKT3* 0.72+0.11 0.9310.16

OKT8*/OKT3~* 0.34 +£0.15 0.20 £0.09

! OKT4*/0OKT8* 2.56 +1.58 5.52+2.53
Leu7*/OKT3* 0.04 +0.00 0.06 +£0.03

OKT4*/0OKT3* 0.76 £0.09 0.86 £0.32

OKT8*/0OKT3* 0.31£0.09 0.27£0.15

2 OKT4+/OKT8* 2.704+0.99 5.13+4.48
Leu7*/OKT3* 0.12+0.14 0.11+0.11

a : Regional lymph nodes defined and grouped according to the general rules for the gastric cancer study (see Ref. 7).
b : Mean£SD.
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ginal zones (Figs. 4b and ¢).

An anti-PSK antibody positive regional
lymph node stained for «-naphtyl-acetate
esterase (ANAE) is shown in Fig. 5. Many
ANAE positive cells were found in the mar-
ginal zone.

T-cell subsets of the regional lymph node
lymphocytes were examined by flow-cytometry
(Table 2). The ratio of OKT4* to OKT3*
cells tended to be higher in both of the PSK-
treated groups than in the control group.
The ratio of OKT8* to OKT3* cells was
low, and no difference was observed in the
ratio of Leu7* to OKT3" cells between the
groups.

The distribution of anti-PSK antibody
positive cells in the regional lymph nodes
is shown in Table 3. Positive cells were
found in group 1 and 2 lymph nodes on the

295

periphery of tumors in many cases. How-
ever, in one of the seven n, cases, anti-PSK
antibody positive cells were also found in
group 4 paraaortic lymph nodes, which were
the most distant regional lymph nodes.

Discussion

Since 1978, we have endoscopically in-
fused a variety of BRMs (BCG-CWS, N-
CWS, OK-432, PSK, IL-2, etc.) prior to
surgery in order to enhance the antitumor
activity of regional lymph nodes of patients
with gastric and colonic cancers. Little is
known about how these BRMs generate anti-
tumor activity. From our studies carried
out so far, the involvement of an immune
response in gastric cancer patients given

Table 3 Distribution of anti-PSK antibody positive cells in regional Iymphnodes
Number of anti-PSK antibody* regional lymph node®
Case Age Site® and type® R nd - -
Sex of tumor number¢ Proximal «— Distant
Group 1* Group 2*  Group 3* Group 4*
1 53M C Min Ie R, n, 1, 3 7,8
2 60M C Post M Min ¢ R,+16 n, 1, 4d, 6 9 (=) (=)
3 64 M C Min Borr IV R, n, 1, 3 (—) (—)
4 71M  C Min Borr 1M R,+16 n, 3 (=) (=) (=)
5 72M C Post Borr 1 R,+16 ng 3 8, 11 (—) (=)
6 76 F C Min Borr I R, n, 1,3 (=) (=)
7 34F M Min Ic R,+16 n, 3, 4sd, 4d 7,9 12p, 14V 16
8 42 F M Post Ic R, +16 n, 3,4d, 5, 6 (=) (=) (=)
9 48M M Min Borr IV R, n, (=) (=) (=)
10 49M M Min Borr I R, n, 3, 4sb, 4d 7, 8,9 12p
11 57M M Min e R, n, 3, 4d (=) (—)
12 71M M Post 0 c+II R, n, 3, 4d, 6 (—) (=)
13 37M A Maj Borr V R, n, 4sb, 4d (=) (=)
14 40M A Ant Borr IV R, n, (—) (—)
15 57M A Maj Borr II R, n, 3, 4d 9 (—)
16 64 F AMC Cirec Borr IV R, +16 n, (=) (—) (=) (—)
17 72F A Maj Borr II R, n, 4sb, 4d 7
18 76 F A Min Borr 1 R, n, 3, 4d 7, 8,11

. C, cardiac area and fundus; M, bulk of the corpus;

Q

A,

antral area; Min, lesser curvature; Maj, greater curva-

ture; Ant, anterior wall; Post, posterior wall; Cire, circular.
b: lc, depressed type; IHc+1II, depressed type with an excavation.

c: R;:
of group 1, 2 and 3 lymph nodes.

d: Grade of lymph node involvement identified histologically.
+ : Regional lymph nodes defined and grouped according to the general rules for the gastric cancer study (see Ref. 7).
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gastrectomy with dissection of group 1 and 2 lymph nodes, R;: extended radical gastrectomy with dissection
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such BRMs as OK-432 and PSK has been
demonstrated by the fact that the cytotoxicity
of lymphocytes derived from regional lymph
nodes is enhanced (3) and that the number
of OKT4" cells, a T-cell subset, is in-
creased(4). Nevertheless, the developmental
process has not yet been studied closely.

In the present study, we obtained inter-
esting findings with regard to the pharma-
cokinetics of PSK infused intratumorally
by immunohistological staining using anti-
PSK antibody. The injected PSK appeared
to be phagocytized by histiocytes in the tu-
mor and its periphery or directly transported
to regional lymph nodes by lymphatic flow.
In the lymph nodes, the histiocytes that have
phagocytized PSK were seen abundantly in
the follicular marginal zones and marginal
sinuses which were thought to be the sites
of immune responses. It appeared that ANAE
positive lymphocytes of the paracortical area
were partially activated T-cells. This finding
suggests the possibility that histiocytes that
have phagocytized PSK may play a major
role in the expression of the immune re-
sponse.

The onset of a variety of immune re-
sponses requires, in addition to lymphocytes,
the presence of non-lymphocytic cells termed
antigen-presenting cells which have been
considered to be Ia* macrophages (8, 9).
Recently, however, the presence of dendritic
cells has drawn special attention (10). Cells
with antigen-presenting ability in the lymph
nodes include macrophages, follicular den-
dritic cells (FDC, ;. e. one type of dendritic
cells), lymphoid dendritic cells (I.LDC) and
interdigitating cells (IDC). Among these
cells, Ia* macrophages, LDC and IDC are
OKlIal®, and IDC is S-100 protein® and
OKT6" (11, 12). Macrophages react with
OKM1. The fact that there were a large
number of these positive cells in the regional
lymph nodes positive for anti-PSK antibody
seems to indicate that histiocytes (or macro-
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phages) took on the characters of IDC through
phagocytization of PSK or that PSK induced
an increase in IDC in the lymph nodes.

In particular, the double staining with
anti-PSK antibody and anti-S-100 protein
antibody revealed that many of the anti-PSK:
antibody-positive cells were positive for S-
100 protein, which may be proof that the
histiocytes that phagocytized PSK act as
antigen-presenting cells. The antitumor ef-
fect would be expected to exist if these
antigen-presenting cells cause activated T-
cells to increase (13-18). From these re-
sults, we may make a series of speculations:
(a) Administration of PSK into the tumor
site produces an increase in the number of
local infiltrative lymphocytes. (b) Recognition
of tumor antigen might occur in a locally
growing tumor. (c¢) Subsequently, the lym-
phocytes flow into regional lymph nodes by
virtue of the drainage effect, where the im-
mune response is activated. (d) The regional
lymph nodes serve as the site of presentation
and memory of antigen. (e) Consequently,
local and systemic antitumor activities might
be enhanced.

PSK was present in group 1 lymph nodes
in the periphery of tumors in almost all
cases, but, when compared with the n(+)
group, the n(—) group displayed a more
extensive distribution of locally infused PSK
in the regional lymph nodes. Especially in
n, cases, PSK was distributed even in group
4 lymph nodes. In contrast, there were some
n, cases where no distribution of PSK was
seen in the excised lymph nodes; it was
thus considered that the transfer of PSK
was blocked by tumor infiltration within the
stomach wall and tumor metastasis into the
lymphatic vessels. These findings indicate
that PSK should be administered into the
vicinity of tumors where intrawall lym-
phatic flow is relatively normal. In par-
ticular, in gastric cancer patients in whom
lymphatic metastasis is not marked, the pos-
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sibility was suggested that intratumoral ad-
ministration of PSK contributes not only to
enhancement of antitumor activity in the
remaining lymph nodes despite complete dis-
section during the operation, but also to the
formation of barriers against tumors. We
believe that this therapeutic modality will
become a more effective preoperative adju-
vant immunotherapy with more careful se-
lection of patients and an improved mode of
administration.

Acknowledgments. We are grateful to Mrs. Y.
Yoshida for her skillful technical assistance. This work
was supported in part by Biochemical Research Laborato-
ries, Kureha Chemical Industry Co., Ltd.

References

1. Orita K and Gouchi A: Modified curtail operation on
the viewpoint of tumor immunology in gastric cancer.
Gastroenterol Surg (1988) {1, 177-185 (in Japa-
nese).

2. Miwa H, Moriyama M, Ono F, Hashimoto O, Koba-
yashi T, Oka T, Kitagawa T, Nakamura K, Mannami
T, Konaga E and Orita K: Immunotherapy for gastro-
intestinal cancer patients with BCG-CWS adminis-
tered intratumorally before operation. Jpn J Gastro-
enterol Surg (1980) 13, 1168-1173 (in Japa-
nese).

3. Gouchi A, Akura Y, Gotoh K, Kamitani S, Gangi J,
Tanaka N and Orita K: The effect of PSK intra-
tumoral injection on local immune function in gastric
cancer patients; in Recent Advances in Chemother-
apy : Proceedings of the 14 th International Congress
of Chemotherapy, Ishigami ed, University of Tokyo
Press, Tokyo (1985) pp 880-881.

4. Okabayashi T, Horimi T, Gouchi A, Kobayashi G,
Takeda I, Hiramatsu S, Ninomiya M, Yoshida E,
Nagae S, Mukai K, Kaneda M, Kagawa S, Tanaka
N, Orita K and Kobayashi S: Immunohistochemical
analysis on regional lymph nodes of gastric cancer.
Jpn J Gastroenterol Surg (1986) 19, 844-848 (in
Japanese).

5. Endoh H, Matsunaga K, Yoshikumi C, Kawai Y,
Suzuki T and Nomoto K: Production of antiserum
against antitumor protein-bound polysaccharide prepa-
ration, PSK (Krestin®) and its pharmacological ap-
plication. Int J Immunopharmacol (1988) 10. 103-
109.

6. Horwitz DA, Allison AC, Ward P and Kight N:
Identification of human mononuclear leukocyte popula-
tions by esterase stainings. Clin Exp Immunol {1977)

Produced by The Berkeley Electronic Press, 1989

297

30, 289-298.

7. Japanese Research Society for Gastric Cancer : The
General Rules for the Gastric Cancer Study, 11 th
Ed, Kanehara & Company, Tokyo (1985) pp 4-29.

8. Unaue ER: The regulatory role of macrophages in
antigenic stimulation. Adv Immunol (1981) 31, 1-

136.

9. Beller DI and Unaue ER: Reciprocal regulation of
macrophage and T-cell function by way of soluble
mediators. Lymphokines (1982) 6, 25.

10. Tew JG, Thorbecke GJ and Steinman RM: Dendritic
cells in the immune response : Characteristics and
recommended nomenclature (a report from the Retic-
uloendothelial Society Committee on Nomenclature).
J Reticuloendothel Soc (1982) 31, 371-380.

11. Takahashi K, Yamaguchi H, Ishizeki J, Nakajima T
and Nakazato Y: Immunohistochemical and immuno-
electron microscopic localization of S-100 protein in
the interdigitating reticulum cells of the human lymph
node. Virchows Arch B Cell Pathol (1981) 37,
125-135.

12. Barthelemy H, Pelletier M, Landry D, Lafontaine
M, Perreault C, Tautu C and Montplaisir S: Dem-
onstration of OKT6 antigen on human thymic dendritic
cells in culture. Lab Invest (1986) 55, 540-545.

13. Takasaki T, Funahashi H, Imanishi T, Ageta T, Ta-
naka S, Yagawa A, Saitoh S, Suzuki S, Kobayashi
S and Tsuru S: Enhancement of immunocompetence
of local lymph nodes by local infusion of PSK. J
Clin Exp Med (1984) 130, 201-202 (in Japanese).

14. Tsuru S, Taniguchi M, Shinomiya N, Takasaki T,
Ageta T, Tanaka T, Kobayashi S, Jinnaka Y and
Nomoto K: Augmentation of resistance against meta-
static tumor cells after local administration of PSK.
Jpn J Cancer Chemother (1985) 12, 86-90 (in Japa-
nese).

15. Tsuchitani T, Nio Y, Imai S, Shiraishi T, Kan N,
Ohgaki K and Tobe T: Effects of oral administration
of PSK on immune reseponses. I. Correlation of in
vivo effects with in vitro biological activities. J Jpn
Soe Cancer Ther (1987) 22, 1195-1202 (in Japa-
nese).

16. Ebina T, Kohya H, Inoue H and Aso H: Antitumor
effect of PSK (1): Interferon-inducing activity and
intratumoral administration. Jpn J Cancer Chemother
(1987) 14, 1841-1846 (in Japanese).

17. Ebina T and Kohya H: Antitumor effect of PSK
(2): Effector mechanism of antimetastatic effect in
the “Double grafted tumor system”. Jpn J Cancer
Chemother (1987) 14, 1847-1853 (in Japanese).

18. Ebina T, Ishikawa K, Kohya H and Gouchi A: Anti-
tumor effect of an immunopotentiator, PSK (3):
Roles of regional lymph nodes and tumor infiltrating
lymphocytes. Biotherapy (1988) 2, 1100-1106 (in
Japanese).

Received February 15, 1989; accepted August 1, 1989



