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There have been many reports on the correlation between
prognosis and the number of lymphocytes infiltrating the
primary tumor in patients with breast cancer, gastric cancer,
and other malignancies' ™. Tumor-infiltrating lymphocytes
are considered to be T cells and may play an important role
in immunological surveillance®.

Lentinan is a polysaccharide biological response modifier
(BRM) that has an indirect antitumor effect through
activation of the host immune system rather than having a
direct cytotoxic effect’~®. It has been demonstrated in
animal models that lentinan enhances the response to
interleukin-2 (IL-2) of various antitumor effector cells, such
as cytotoxic T lymphocytes (CTL), natural killer (NK) cells,
and lymphokine-activated killer (LAK) cells. These
antitumor effector cells are activated to infiltrate lesions by
lentinan, which modifies the tumor microenvironment'® 'V.
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Fig. 1 Observation fileds for tumor-
infiltrating lymphocytes and
emperipoletic lymphocytes
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Fig. 2 The method of counting tumor-infiltrating lymphocytes
Note that 1 cm=25 u#m actual length (X200X0.79)

Fig. 3
Light microscopic detection of emperipoletic T lymphocytes
(arrows) in the tumor of a patient given lentinan at 8 mg (X 200
X 0.79)

In addition, a clinical trial of lentinan in patients with gastric
cancer has confirmed that preoperative administration
enhances the immune response at the tumor site'?.

In the present study, lentinan was administered
preoperatively to patients with advanced colon cancer by
intravenous infusion, and the tumor expression of HLA-class
I and HLA-DR antigens as well as lymphocyte infiltration
were investigated. In addition, emperipolesis of infiltrating
lymphocytes was observed by light microscopy.
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Fig. 4 Emperipoletic T lymphocyte subset in the tumor
of a patient given lentinan (8 mg)
a : Immunostaining with Leu 3a (CD4)
b : Immunostaining with Leu 2a (CD8) (both X 200 X 0.65)

Materials and methods

Patients

The subjects were 57 patients with histologically well
lifferentiated or moderately differentiated Dukes’ B or C
wdenocarcinoma of the colon, who underwent curative
resection at our department from September 1993 to
December 1994. The control group(n=29) did not receive
any preoperative treatment. The 2mg group (n=10)
received 2mg of lentinan twice preoperatively by
intravenous infusion at 2 weeks and 1 week before the
operation, while the 4 mg group (n=_8) received 4 mg twice
preoperatively and the 8mg group (n=10) received 8mg
twice preoperatively.

Immunomodulator

Lentinan (Lentinan, Ajinomoto Co. Ltd., Tokyo, Japan)
was dissolved in 500ml of 5% glucose for intravenous
administration.



Table 1  Clinical characteristics of the subjects

Control Lentinan-treated groups Statistical
group 2mg group | 4mg group | 8mg group analysis
No. of patients 29 8 10
Age  Mean 63 58 62 P=0.650 ns*"
(sd) (10.5) (15.0) (10.2)
Sex  Male 15 7 6 P=0318ns*?
Female 14 1 4
Histological differentiation
Well 2 1 1 P=0.659 ns*?
Moderately 27 7 9
Dukes' classification
B 16 8 P=0.451 ns*¥
C 13 2

*VIE test. *? Fisher's exact test. *¥ Kruskal-Wallis test

Tissue processing and monoclonal antibodies

Sections of formalin-fixed specimens were obtained at the
site of deepest invasion of each lesion. Immunostaining was
done with an antibody for T lymphocyte detection (MT-1;
Milab, Malmé, Sweden) and with an antibody for HLA-DR
detection (LN-3; Nichirei Co. Ltd., Tokyo, Japan).

In addition, the absence or minimal infiltration of B cells
was confirmed by immunostaining with an anti-B cell
antibody (L-26; Dakopatts, Copenhagen, Denmark).

To detect CD4, CD8, and HL.A-class I antigens, a wedge
was cut from the anal side of each freshly resected tumor.
Frozen sections of the tissue wedge were stained with Leu 3a
for detection of CD4 and Leu 2a for detection of CD8
(Becton Dickinson Immunocytometry Systems, California,
USA), as well as with an anti-human HLA-class I antibody
(Dakopatts) for detection of HLA-class 1 (A, B, and C)
antigens.

Immunohistochemistry

Paraffin sections were obtained from formalin-fixed
specimens. Thin sections (3 m) were deparaffinized with
xylene, immediately immersed in ethanol, and washed in
phosphate-buffered saline (PBS). Then the sections were
incubated overnight with monoclonal antibodies at 4°C, and
those for indirect immunostaining were incubated with the
secondary antibody plus HRPO-labeled goat anti-mouse IgG
(gamma *L) for another 1 hour at 37°C.

After excess reagent was washed off with PBS, the sections
were reacted with a diaminobenzidine solution for 5 min.
Nuclei were counterstained with methylgreen. Fresh
specimens were embedded in OCT-compound, frozen in N-
hexane (-80°C), and cut into serial sections 3 xm thick on a
cryostat microtome. Frozen sections were fixed in acetone
for 5 min at 4°C.

After washing, the cryostat sections were incubated with

monoclonal antibodies for 1 hour at 37°C, and those for
indirect immunostaining were incubated with the secondary
antibody and HRPO-labeled goat anti-mouse IgG for another
1 hour at 37°C. After excess antibody was washed off with
PBS, the sections were reacted with a diaminobenzidine
solution for 5 min and the nuclei were counterstained with
methylgreen.

Observation and immunohistochemical analysis

(1) Tumor-infiltrating lymphocytes and lymphocyte

subsets(CD4* and CD8")

Tumor-infiltrating lymphocytes were counted using a 200
power microscope. Eight sites in each of 3 sections (24 in
all) were photographed, as shown in Fig.1. Eight sites were
within the main body of the tumor (A), 8 were at the points
of deepest invasion (B), and 8 were diagonally superior to
the points of deepest invasion (C). Sites (B) and (C) were
observed separately because of counting errors at (B) due to
frequent collapse of cancer cell nests. The T lymphocytes
located within lcm (actual length: 25 xm) from the edge of
ducts lined with cancer cells on the photographs were
counted in each photograph to determine the number of T
lymphocytes per 100 cm? (actual area: 0.0625 mm?) (Fig. 2).

For CD4 and CD8 positivity, 3 sections within each tumor
were selected randomly and all lymphocytes in each section
were counted with a 200 power microscope to determine the
number of positive lymphocytes per field (0.95 mm?).

(2) Expression of HLA-class I and HLA-DR antigens

HLA-class I expression was categorized as strong (90% or
more class I-positive cancer cells lining ducts in all
observation fields) or as weak (less than 90% class I-positive
cancer cells lining ducts).

HLA-DR expression was graded as follows:

Grade 0 meant no HLA-DR-positive cancer cells lining the
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Fig. 5 Tumor-infiltrating lymphocytes
Values are expressed as the mean+SD. ‘P<0.05 by Dunnett's t-test. LNT : lentinan

ducts in all observation fields, while Grade 1 was up to 10%
HLA-DR-positive cancer cells, Grade I was 10~ 30%, and
Grade [ was 30% or more.

(3) Emperipoletic lymphocytes

To confirm the presence of emperipolesis with absolute
accuracy, it should be distinguished from phagocytosis by

electron microscopy'®.

However, T lymphocytes
penetrating into the ducts lined with cancer cells were
defined as emperipoletic in this study when they remained
intact without any changes, such as karyolysis or pyknosis,
at a magnification of 200 under light microscopy (Fig. 3).
The number of emperipoletic T lymphocytes per
approximately 3,000 cancer cells was counted in the 24

observation fields mentioned above.

Statistics

Uniformity of patient characteristics was evaluated with the
F test, Fisher's exact test, and the Kruskal-Wallis test, while
differences were analyzed with Dunnett's t-test. A P value
less than 0.05 was considered significant. Differences in the
expression of HLA-class I and HLA-DR antigens were
compared between the control group and the lentinan-treated
groups using Wilcoxon's test.

Results

(1) Clinical and histological findings

The groups were identical with respect to age, sex,
histological differentiation, and pathological stage according
to Dukes classification (Tabie 1).

(2) Tumor-infiltrating lymphocytes

The number of tumor-infiltrating lymphocytes increased
depending on the dose of lentinan, with significant
differences between the untreated control group (20 £ 10)
and the 4 mg (34 * 12) and 8 mg groups (44 * 9) (Fig. 5).

(3) Subsets of tumor-infiltrating lymphocytes

No difference in CD4 positivity was seen among the
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different groups, but CD8* cells showed a dose-dependent
increase with lentinan treatment. There was a significant
difference between the control group (55 * 22) and the 8
mg group (123 * 51) (Fig. 6).

(4) HLA-class I expression

About 80% of both the control group and the lentinan-
treated patients showed strong expression of HLA-class I
antigens by tumor cells and there were no differences among
the groups (data not shown).

(5) HLA-DR expression

A tendency for an increase of HLA-DR expression by
tumor cells was noted in the lentinan-treated patients when
compared to the control group (Table 2).

(6) Emperipoletic lymphocytes

The lentinan-treated patients showed an increase of
emperipoletic lymphocytes when compared to the control
group, with significant differences among the control groups
(17 = 11), each of the 2 mg (43 * 30), 4 mg (42 £ 21),
and 8 mg groups (76 £ 40) (Fig. 7).

(7) Emperipoletic lymphocyte subsets

Most of the emperipoletic lymphocytes were CD8" T cells,
but a few were CD4* T cells, although the latter were almost
all detected around ducts lined with cancer cells (Fig. 4a - b).
However, it must be remembered that this analysis only
assessed CD4 and CDS8 positivity, and that serial sections
were employed.

We confirmed that the emperipoletic CD8" cells were
cytotoxic T lymphocytes by double staining with CD8 and
CDl11b.

Discussion

Lentinan is a neutral polysaccharide and a biological
response modifier (BRM)'". This drug has an indirect
antitumor effect by activating T-cell dependent host
immunity, rather than having a direct cytotoxic effect. It
enhances the sensitivity of effector cells to lymphokines
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Fig. 6 Subsets of tumor-infiltrating lymphocytes
Values are expressed as the mean+SD.
*P<0.05 by Dunnett's t-test. LNT : lentinan

Table 2 HLA-DR expression
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Fig. 7 Emperipoletic T lymphocytes
Values are expressed as the mean +SD.
*P<0.05 by Dunnett's t-test. LNT : lentinan

produced by T cells like IL-2, leading to increased activity
of antitumor effector cells such as CTL, NK cells, LAK
cells, and macrophages’ . In addition, lentinan is reported
to alter the tumor microenvironment by promoting the
development of cellular fibers, which enhances the ability of
various effector cells to infiltrate lesions', This mechanism
is supported by the finding that the infiltration of effector
cells is correlated with the therapeutic effect of lentinan. In
the present study, lentinan was administered preoperatively
to patients with advanced colon cancer, and we noted an
increase of T cell infiltration into tumors, especially CD8" cells.

Several modifications of the tumor microenvironment are
necessary for antitumor effector cells to infiltrate
successfully, such as production of chemotactic factors,
promotion of the binding of effector cells to tumor vessels,
and an increase of vascular permeability in the lesion.

It was recently reported that lentinan induces production of
a chemotactic factor, macrophage inflammatory protein-1a
(MIP-1a, LD 78)'®. The fact that MIP-1a selectively
promotes the migration of activated CD8* cells'” supports
the possibility that the increase of CD8* T cells in tumor
tissue which we noted was induced by an increase of a
chemotactic factor like MIP-1a .

It is also necessary for T cells to recognize HLA antigens
and tumor antigens in order to cause tumor cell damage.
HLA-class I and HLA-class I antigens are associated with
the recognition of foreign antigens by cytotoxic T cells and

1819 "and there is a correlation

helper T cells, respectively
between HLA antigen expression and lymphocyte
infiltration®”.

We therefore investigated the changes of HLA antigen
expression by tumor cells after administration of lentinan.

HLA-class I antigens were generally expressed strongly in
most tumors of both the control and lentinan-treated groups,
while HLA-DR antigen expression was increased in the
latter compared to the former group.

Since previous studies of colon cancer cell lines have
shown that HLA-DR expression is induced by cytokines like
IFN y and is enhanced in inflammatory bowel diseases,
such as Crohn's disease and ulcerative colitis®”, the increase
of HLA-DR expression observed in the present study could
have been induced by cytokines produced within the tumor
in response to the increased infiltration of CD8" T cells after
lentinan administration. CD8* cells have been reported to
play an important role in the induction of HLA-DR antigen
expression on intestinal epithelial cells?, a finding that
supports our hypothesis. Some investigators have reported a
correlation between HLA-DR expression by colon cancer
cells and the prognosis®™, but others did not confirm this
association™. HLA-DR expression has also been reported
to correlate with the effect of immunotherapy® 2, so the
significance of HLA-DR antigen expression has not yet been
fully explained.

Concerning the antitumor action of lentinan, it has been
shown to enhance delayed-type hypersensitivity (DTH) to
tumor cells, and this action is correlated with its therapeutic
effect’”. There is a possibility that the increase of HLA-DR
antigen expression on cancer cells produced by lentinan
activates CD4" cells around the tumor and has a beneficial
therapeutic effect through the enhancement of regional DTH.
Therefore, HLA-DR antigen expression, and its correlation
with prognosis should be studied further in relation to
lentinan therapy.

In this study, we also observed emperipolesis by light
microscopy. Emperipolesis is a term used by Humble et
al.”® to describe the phenomenon of lymphocytes
"wandering around inside” cultured malignant cells. In a
wider sense, this term indicates that one cell penetrates

another, but remains intact®’.
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When CTL, NK cells, and other killer cells injure cancer
cells, they must come into contact with the tumor cell
membrane. The modes of contact have been described based
on electron microscopic findings as point contact, broad
contact, and peripolesis, which can be all expressed as
peripolesis or as emperipolesis™ ™.

Cancer cells are destroyed by cytotoxic substances, such as
perforin, that are released from lymphocytes following
contact with the tumor cell membrane®®*”. Although
another pathway that induces apoptosis has been reported®® >,
contact with the tumor cell membrane is also required.

Although it should be strictly determined whether a
basement membrane is present, if contact of lymphocytes
with tumor cells is examined by light microscopy, those
lymphocytes which appear to be migrating into cancer cells
can be said to be in contact with the tumor cell membrane
(peripolesis) or to have entered the tumor cells
(emperipolesis). Therefore, the significant increase in
emperipoletic T lymphocytes that we observed by light
microscopy following lentinan administration provides
important information on the antitumor mechanism of this
agent.

When Itoh et al.* isolated tumor-infiltrating lymphocytes
from human tumors, such as melanoma, they found that a
few of the cells showed strong binding to autologous tumor
cells (tumor-binding cells ), and that most of these cells were
CD8". We postulate that these tumor-binding cells
correspond to the emperipoletic lymphocytes we observed
by light microscopy.

Thus, our study on modification of the tumor
microenvironment by lentinan administration in patients
with advanced colon cancer suggests some mechanisms for
the action of this agent. However, lentinan itself does not
alter IL-2 production, although it can increase the sensitivity
of IL-2 receptors on antitumor effector cells. Tumor-bearing
hosts may show a decrease in responsiveness to IL-2 or this
may be combined with a decrease in IL-2 production.
Although a therapeutic effect can be expected from lentinan
alone in the former case, concomitant administration of both
lentinan and IL-2 may be necessary in the latter case. Itoh et
al.*” reported an increase in tumor-binding lymphocytes
after culture with rIL-2. Provided that these cells are
identical to the emperipoletic lymphocytes observed in this
study, it can be inferred that combination therapy with
lentinan and IL-2 would increase emperipoletic T
lymphocytes, and augment the antitumor effect. In fact, it
has been demonstrated that combined administration of
lentinan and IL-2 has an augmented antitumor effect in
mice*! 42,

Therefore, it is possible that combined administration of
lentinan and IL-2, or lentinan/IL-2 plus chemotherapy
agents, may provide effective immunotherapy or
immunochemotherapy for advanced colon cancer.
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