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Delayed-type Hypersensitivity Reaction Triggered by CD4-positive T Cell
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Lentinan, an antitumor polysaccharide used clinically in Japan, requires the intact T cell compart-
ment to manifest its antitumor effects. The aim of the current study was to clarify the mechanisms
playing crucial roles in the T cell requirement in the expression of antitumor effects of lentinan.
Lentinan treatment of BDF1 mice transplanted intradermally with FBL-3 induced complete tumor
regression and a marked increase in survival time, The antitumor action of lentinan was abolished in
mice treated simultaneously with antibodies to CD4 and CD8 antigens, whereas antibody to CD4,
CDS8 or NK1.1 alone was ineffective. The natural killer, cytotoxic T lymphocyte, and helper T cell
activities were already angmented in this FBL-3/BDF1 system and thus further angmentation of these
activities by lentinan was not observed. These activities did not correlate with the antitumor activity
of lentinan, as was confirmed in lymphocyte subset depletion experiments. On the contrary, the
delayed-type hypersensitivity (DTH) response against tumor-associated antigens was triggered by
lentinan and was abrogated only in mice treated simultaneously with antibodies to CD4 and CD8
antigens. Furthermore, a non-cytolytic tumor-associated antigen-specific CD4™ T cell clone able to
induce the DTH response in concert with lentinan reconstituted the antitumor effects in B6 nude mice
when administered with lentinan. These results suggest that, in addition to the augmentation of
immune effector cell activity against tumors, infiltration of these cells into the tnmor burden initiated

by the DTH responses at tumor sites may be involved in eradication of tumors by lentinan.
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Many mechanisms may contribute to the failure of a
tumor-bearing host to reject tumor cells,”™ including
immunosuppression due to the presence of the tumor and
weak immunogenicity of tumor cells.>*® The failure of
the adoptive transfer of activated immune effector cells
shows that activation of immune effector cells itself is not
sufficient to reject tumor cells.>® These observations
raised the possibility that infiltration of the effector cells
into the tumor burden is important in the rejection of
tumors. Small numbers of non-cyiolytic T cells capable
of inducing DTH* against tumor antigen were shown to
enhance the antitumor activity of adoptively transferred
cytotoxic effector cells.” We speculate that DTH re-

* To whom correspondence should be addressed.

* Abbreviations used; DTH, delayed-type hypersensitivity; B6,
C57BL/6; BDF1, C57BL/6 XDBA/2 F1; CTL, cytotoxic T
lymphocyte; FBS, fetal bovine serum; IL-2, interlenkin 2; IL-
4, interleukin 4; 7-IFN, 7-interferon; LAK, lymphokine-
activated killer cell; mAb; monoclonal antibody; MLTC, mixed
lymphocyte and tumor culture; NK, natural killer cell; TIL,
tumor-infiltrating lymphocyte; i.d., intradermally; i.p., intra-
peritoneally; i.v., intravenously.
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sponses at tumor sites may play crucial roles in regulating
the infiltration of immune effector cells into the tumor
burden.

Lentinan, an antitumor polysaccharide used clinically
in Japan, is a true biological response modifier in the
sense that it lacks direct cytotoxic effects against tumor
cells; its antitumor effects are mediated through the host
defense-immune systems.®® Expression of antitumor
effects of lentinan requires the intact T cell compartment,
because the effects were abolished in newborn thymec-
tomized mice and in nude mice.* ' Augmentations of
NK, LAK, and CTL activities and DTH responses
against tumor antigen were observed after administration
of lentinan.® ' These augmented immune effector ac-
tivities were thought to participate in the antitumor
effects of lentinan. Although the requirement of intact T
cells for activity was confirmed, it is not known what
kinds of mechanisms are involved.

In this report, we provide evidence that non-cytolytic
tumor antigen-specific CD4-positive T cell clones are able
to reconstitute in nude mice both the antitumor effects
and the DTH response of lentinan against FBL-3.
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MATERIALS AND METHODS

Mice C57BL/6XDBA/2 F1 (BDF1) mice were pur-
chased from Charles River Japan (Kanagawa). C57BL/6
nude (B6 nude) mice were bred in the animal facility of
Kyoto University. These mice were maintained under
specific pathogen-free conditions and normal female
mice, 6—10 weeks of age, were used for the experiments.
Tumor and target cells for cell-mediated cytotoxicity
assay The B6 derived Friend virus-induced FBL-3
erythrolenkemia was maintained by in vitro culture in
RPMI-1640 supplemented with 10% FBS. The A/Sn
derived Moloney virus-induced Yac-1 lymphoma was
maintained by in vitro culture in RPMI-1640 supple-
mented with 5% FBS. These cells were used as target
cells for cell-mediated cytotoxicity assays. Ten million
(1Xx107) or 5X 10° FBL-3 tumor cells in 0.1 ml of saline
were inoculated i.d. in BDF1 or B6 unde mice, respec-
tively, for antitumor testing,

T cell clone An FBL-3-specific CD4" T cell clone
(BLAL-23) was established from MLTC and limiting
dilution cultures as described previously.'” In brief,
5x 10° immune spleen cells from B6 mice were mixed
with 1% 10° X-ray-inactivated FBL-3 and incubated for 5
days. A limiting dilution culture of MLTC cells was
carried out on a 1 cell per well basis in the presence of
5 ng/ml rIL-2. Each growing colony was expanded,
recloned on a 0.2 cell per well basis, and passed every 7
day by transferring 1X10° cells to a new well. The
antigen specificity of BL4L-23 is the envelope protein of
Friend virus plus I-A®'® This clone produces IL-2 and
7-IFN but not IL-4 after antigenic stimulation.
Immunomodulators Lentinan is a polysaccharide with an
average molecular weight of 600,000 isolated from the
Japanese edible mushroom Lentinus edodes. It is com-
posed exclusively of glucose units with a 8 (1-3) linkage
as the main chain and a 3 (1-6) linkage as the branched
chain.'” Lentinan (1 mg, Ajinomoto Co., Ltd., Tokyo)
was dissolved in 1 ml of sterile saline (1 mg/ml).

mAbs mAb against L3T4 (CD4) (from the hybridoma
line GK1.5, a gift from Dr. Hiromi Fujiwara of Osaka
University),' Lyt2.2 (CD8) (from the hybridoma line
19/178, a gift from Dr. Eiichi Nakayama of Okayama
University),'® and NK1.1 (from the hybridoma PK136;
ATCC-HB191)'” were prepared as ascites. In some ex-
periments, protein-A-purified mAbs were used.
Evaluation of in vivo and in vitre killer activity Assay
for in vive killer activity against FBL-3 was carried out
in 96-well flat-bottomed microplates. One < 10° cells/well
of freshly prepared regional lymph node or spleen cells
from FBL-3-bearing mice were used as effector cells in a
4-h 'Cr-release assay (E/T=100) against *'Cr-labeled
FBL-3 targets. Assay for in vitro killer activity against
FBL-3 was carried out in 96-well flat-bottomed micro-
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plates. Cells harvested from MLTC (5 days) of spleen
cells from FBL-3-bearing mice and X-ray-inactivated
FBL-3 (responder/stimulator ratio=300) were used as
effector cells (1X 10° cells/well). The percentage of spe-
cific lysis was calculated by use of the standard formula:
% specific lysis = (experimental release — spontaneous
release)/(maximal release — spontaneous release) > 100,
Assay for NK activity was carried out in 96-well
flat-bottomed microplates. Spleen cells (1X10° cells/
well) were cultured with 250 units/ml of IL-2 in 10%
FBS RPMI1640 medium for 1 day. At the end of culture,
cells were tested for NK activity in a 4-h *'Cr-release
assay (E/T=100) against *'Cr-labeled Yac-1 cells as
targets.
Production of IL-2 and assay for IL-2 activity Spleen
cells (3X10°/ml) from FBL-3-bearing BDF1 mice were
cultured with X-ray-inactivated FBL-3 (1> 10*/ml) in
1095 FBS RPMI1640. After incubation for 5 days, cul-
ture supematants were harvested and stored at — 20°C
until use. Supernatants were assayed for IL-2 activity
according to their ability to support the proliferation
of the IL-2-dependent T cell line, CTLL-2. CTLL-2
(4 X 10°/well) were cultured with the supernatants for
24 h. Proliferation was assessed in terms of the uptake
of [*H]thymidine during 4 h pulsing with 18.5 kBg
[*H]thymidine/well.
Evaluation of DTH activity A DTH response against
FBL-3 was elicited by inoculating X-ray-inactivated
FBL-3 (5X10°) or 3 M KCl-extracted soluble antigen
from FBL-3 (200 g) in 25 gl of saline into the footpads
of FBL-3-bearing BDF1 or B6 nude mice. The footpad
swelling 24 h after the injection was measured by using a
micrometer.
Evaluation of antitumor activity Ten million (1X107) or
5%10° FBL-3 tumor cells in 0.1 ml of saline were in-
oculated i.d. in BDF1 or B6 nude mice, respectively.
Then 100 xg/100 ul (corresponding to 5 mg/kg) of
lentinan or saline was administrated i.p. into mice daily
for 5 consecutive days starting 7 days after tumor trans-
plantation. In B6 nude mice, 1X10" FBL-3-specific
BL4L-23 cells (CD4" T cell clone) were injected i.v. on
the day of tumor transplantation. Therapeutic activity
was evaluated in terms of tumor growth inhibition and
prolongation of survival days. The size of each tumoer
was represented as the product of the largest tumor
diameter by the shortest tumor diameter (mm?),
In vivo depletion of lymphocyte subsets For in vivo
depletion of lymphocyte subsets, BDF1 mice were given
three i.p. injections (at intervals of 4 days) of 50 ug of
purified anti-NK1.1, 40 ug of purified anti-L3T4 (CD4),
or 25 ¢l of ascites fluid of anti-Lyt2.2 (CD8) diluted in
200 p! of saline. Three days after the second injection of
mAb, depletion efficiency was examined by the flow-
cytometric analysis of lymph node cells for CD4 or CD8§



subsets, or by the assay of NK activity of spleen cells for
NK1.1 subsets. Depletion efficiencies of CD4 or CD8
subsets were more than 98% and that of NK1.1 was
more than 95%.

RESULTS

Ldentification of lymphocyte subsets required for anti-
tumor effects of lentinan against FBL-3 The antitumor
effect of lentinan was examined against FBL-3 erythro-
leukemia. BDF1 mice were inoculated i.d. with 110’
viable FBL-3 tumor cells. These mice bore solid tumors
approximately 10 mm in diameter on average at 1 week
after the tumor inoculation. Lentinan (0.1 mg/shot) or
saline was administered i1.p. for 5 consecutive days start-
ing 7 days after tumor inoculation. As shown in Fig. 1,
all mice treated with saline died of local tumor growth
within 50 days. In contrast seven of eight mice (87.5%)
which received lentinan showed complete tumor regres-
sion. The antitumor effects of lentinan were T cell-
dependent, because the antitumor effects induced by
lentinan were abolished by the administration of anti-
bodies against both CD4 and CD8§ antigens (Fig. 2).
To clarify which subpopulation of T lymphocytes,
CD8" or CD4% T cells, mainly participates in the
eradication of FBL-3 and whether NK/LAK cells are
involved or not, anti-CD8, anti-CD4, or anti-NK1.1
mAb was injected i.p. before the onset of the therapy.

Antitumor Effects of Lentinan and DTH

Eight of nine mice injected with control mAb showed
complete tumor regression and prolongation of survival
(>80 days) when treated with lentinan. Either anti-
CD4 or anti-CD8 mAb treatment did not influence the
therapeutic effect in terms of either tumor growth inhibi-
tion (data not shown) or prolongation of survival rate.
Treatment with anti-NK1.1 caused only a marginal inhi-
bition of the therapeutic effects. Combined administra-
tion of anti-CD4 and anti-CD8 completely eliminated the
therapeutic effects as described above (Fig. 2).

Effects of lymphocyte subset depletion on the immune
effector cells function We next examined the influence of
mAb administration on the immune effector cell function
after lentinan treatment. Spleen or regional Iymph node
cells were collected from FBL-3-bearing BDF1 mice on
the day after final injection of lentinan. Freshly prepared
spleen cells or lymph node cells were assayed for killing
activity against FBL-3 (in vivo killer activity). A signifi-
cant level of cytolytic activity was observed in the saline-
treated mice, and augmentation of the cytolytic activity
by lentinan was not observed (Fig. 3). Administration of
anti~-CD4 or anti-CD8 had little influence on the cytolytic
activity. In contrast, administration of anti-NK1.1 com-
pletely eliminated the cytolytic activity. These results
indicate that irn vivo killer activity observed in the tumor-
bearing host can be ascribed to the NXK cells, and the in
vivo killer activity does not correlate with the antitumor
effects of lentinan in this tumor/host system.
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Fig. 1.

Days

Antitumor effects of lentinan against FBL-3 tumor in BDF1 mice. FBL-3 (1 X 107 cells) was inoculated i.d.

on day 0. The growth curves of the individual tumors in mice given saline (i.p.) on days 7-11 (a), and mice treated
with lentinan (5 mg/kg, i.p.) on days 7-11 are shown. Tumor size was represented as the product of the largest

tumor diameter by the shortest tumor diameter (mm?).
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Fig. 2. Abrogation of the antitumor effects of lentinan (LNT) against FBL-3 by in vivo depletion of Lyt2* and L3T4* cells.
BDF1 mice were inoculated i.d. with 1>X10” FBL-3 tumor cells on day 0. (a) The mice (n=9, except the group given anti-
Lyt2.2+anti-L3T4 (n=8)) were given three i.p. injections of 25 ul of ascites fluid of anti-Lyt2.2 (&), 40 ug of purified
anti-L3T4 ( A), both anti-Lyt2.2 and anti-L3T4 (M) or 25 ul of ascites fluid of control mAb (anti-human IL-6) (@) diluted in
200 p1 of saline on days 4, 7, and 11. (b) The mice (n=7) were given three i.p. injections of 25 1 of ascites fluid of anti-Lyt2.2
(4}, 50 pg of purified anti-NK1.1 (&), or 25 gl of ascites fluid of control mAb (@) diluted in 200 g1 of saline on days 4, 7,
and 11. The treatment protocol was identical with that in Fig. 1. The statistical significance of differences was evaluated by
Kaplan-Meier’s method. (a) P>>0.05, saline vs. LNT with anti-Lyt2.2+anti-L3T4, LNT with control mAb vs. LNT with
anti-Lyt2.2 or LNT with anti-L3T4. P<0.001; saline vs. LNT with control mAb, LNT with anti-Lyt2.2, or LNT with anti-
L3T4. (b) P>0.05; LNT with control mAb vs. LNT with anti-Lyt2.2 or LNT with anti-NK1.1. P<0.001; saline vs. LNT with
control mAb or LNT with anti-Lyt2.2, P<0.01; saline vs. LNT with anti-NK1.1,

In vitro killer (Fig. 4) and IL-2-producing activity
(Fig. 5) of spleen cells, collected from FBL-3-bearing
BDF1i mice on the day after final injection of lentinan,
were examined after in vitro sensitization to FBL-3.
Marked augmentation of the activity by the lentinan
treatment was not observed in either assay. The results
shown in Fig. 5 indicate that the lymphocyte subpopula-
tion producing IL-2 is mainly the CD4-positive T cells
and the IL-2-producing capacity does not correlate with
the antitumor activity of lentinan. Ir vitro killer activity
was partially inhibited by either anti-CD8 or anti-NK 1.1
injection (Fig. 4). The killer activity was almost com-
pletely eliminated by anti-CD4 (Fig. 4). In lymphocyte
subset depletion experiments, the in vitro killer activity
did not correlate with the antitumor activity.

In contrast, DTH response against FBL-3 was ob-
served only in FBL-3 tumor-bearing hosts treated with
lentinan (Fig. 6). Furthermore, the DTH responses in-
duced by lentinan were inhibited only when both anti-
CD4 and anti-CD8 mAbs were injected at the same time;
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any one of anti-CD4, anti-CD8 and anti-NK1.1 alone
was not inhibitory. The absence and presence of DTH
responses induced by lentinan in lymphocyte subset-
depleted mice were consistent with those of antitumor
effects. These results suggest that the DTH responses
against tumor-associated antigens induced by lentinan
play a crucial role in the antitumor effect of lentinan.

Reconstitution of tumor-specific DTH response and anti-
tumor effect in nude mice by tumor-specific CD4" T cell
clone To confirm the role of DTH responses against
tumor-associated antigens in the antitumor effects of
lentinan, we used an FBL-3-specific CD4-positive T cell
clone, BL4L-23. This clone proliferates on stimulation
with FBL-3 and syngeneic spleen cells in the presence of
IL-2." The antigen specificity of this clone is the enve-
lope protein of Friend virus plus I-A®. This clone does
not possess cytolytic activity against FBL-3 tumor cells
detected by the 4-h or 16-h *'Cr-release assay (data not
shown). After an antigenic stimulus, this clone produces
IL-2 and 7-IFN but not IL-4, This profile of cytokine
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Fig. 3. Effects of in vivo depletion of lymphocyte subsets on
the induction of in vive killer activity against FBL-3. BDF1
mice were inoculated i.d. with 1X 107 FBL-3 tumor cells on
day 0. In vivo depletion of lymphocyte subsets was performed
as described in Fig, 2. Lentinan (LNT, 5 mg/kg) or saline
was injected 1.p. on days 7-11. On the day after the final injec-
tion of LNT, the spleen and regional lymph node (RLN) cells
were collected and examined for cytolytic activity against
FBL-3 by 4-h *'Cr-release assay (E/T=100).

50
40 - M Stimutator(-)
% Stimulator(+)
=
L 307
8
& 20-
-3
104 T
0. e : e
mAb(-} mAb{-) antl-CD4 antl-NK1.1
antl-CD38 antl-CD4+8
Saline LNT

Fig. 4. Effects of in vivo depletion of Iymphocyte subsets on
the induction of in vitro killer activity against FBL-3. BDF1
mice were inoculated i.d. with 1107 FBL-3 tumor cells on
day 0. In vivo depletion of lymphocyte subsets was performed
as described in Fig. 2. Lentinan (LNT, 3 mg/kg) or saline was
injected i.p. on days 7-11. On the day after the final injec-
tion of LNT, the spleen cells were collected and cultured with
or without X-ray irradiated FBL-3 (responder/stimulator
ratio = 300) for 5 days. The cytolytic activity of the cells
against FBL-3 was measured by 4-h *'Cr-release assay (E/T
=100).

Antitumor Effects of Lentinan and DTH
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Fig. 5. Effects of in vivo depletion of lymphocyte subsets on
the production of IL-2 after in vitro culture. BDF1 mice were
inoculated i.d. with 1107 FBL-3 tumor cells on day 0. In
vivo depletion of lymphocyte subsets was performed as
described in Fig. 2. Lentinan (LNT, 3 mg/kg) or saline was
injected i.p. on days 7-11. On the day after the final injection
of lentinan, the spleen cells were collected and cultured with
or without X-ray-irradiated FBL-3 (responder/stimulator
ratio = 300). After culture for 5 days, the culture superna-
tant was collected and tested for ability to support the growth
of CTLL-2 cells (IL-2 assay).
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Fig. 6. Effects of in vivo depletion of lymphocyte subsets on
the induction of DTH response against FBL-3 antigens. BDF1
mice were inoculated i.d. with 1107 FBL-3 tumor cells on
day 0. In vivo depletion of lymphocyte subsets was performed
as described in Fig. 2. Lentinan (LNT, 5 mg/kg) or saline was
injected i.p. on days 7-11. On the day after the final injection
of LNT, the mice were tested for DTH response (footpad
swelling) by inoculating 200 ug of 3 M KCl-extracted soluble
antigen from FBL-3 or saline into footpads.
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Fig. 7. Reconstitution of DTH response in nude mice by the
tumor-specific CD4" T cell clone. B6 nude mice were inocu-
lated i.d. with 5X10° FBL-3 tumor cells on day 0. One x 107
FBL-3 specific CD4* T cell clone (BL4L-23) was injected
iv. on the day of tumor transplantation. Lentinan (LNT,
5 mg/kg) or saline was injected i.p. on days 7-11. On the day
after the final injection of LNT, the mice were tested for DTH
response {footpad swelling) by inoculating 5 X 10° X-ray-inacti-
vated FBL-3 or saline into footpads.

production is thought to be of Th-1 type. This clone
induced a significant DTH response against FBL-3 anti-
gen when injected i.v. into FBL-3-bearing B6 nude mice
(Fig. 7). Although lentinan alone induced a marginal
DTH response against FBL-3 antigen in FBL-3-bearing
Bé nude mice, synergistic augmentation of the DTH
responses was observed when nude mice infused previ-
ously with BL4L-23 were injected with lentinan (Fig. 7).

We next examined whether the antitumor effect of
lentinan, absent in nude mice, could be reconstituted by
BL4L-23. When 1107 FBL-3 tumor cells were inocu-
lated into B6 nude mice {similar conditions to Fig. 1
and Fig. 2), the combination of BL4L-23 and lentinan
had no antitumor effect (data not shown), As shown in
Table 1, however, the tumor-specific CD41 T cell clone
(BLA4L-23) is able to reconstitute partly the antitumor
effects of lentinan in B6 nude mice inoculated with
1X10° FBL-3 tumor cells, Lentinan treatment alone
failed to inhibit tumor growth or to prolong the life span
of FBL-3-bearing B6 nude mice. Although significant
growth inhibition of FBL-3 tumor in B6 nude mice was
observed when BL4L-23 alone was injected, all mice
tested died of local tumor growth within 40 days (data
not shown). In contrast, six of twelve mice (50%)
showed complete tumor regression by the combination
therapy of lentinan and BL4L-23, indicating synergy
between lentinan and CD4* T cells (Table I). On the
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Table I. Reconstitution of Antitumor Effects of Lentinan in
Nude Mice by the Tumor-specific CD4™ T Cell Clone

Injected No. of survivors/total number of mice
Treatment CD4 T cells Exp. 1 Exp. 2 Total
Saline (—) 0/5 0/6 0/11
BLAL-23 0/4 0/4 0/8*
Lentinan (—) 0/5 0/4 0/9
BL4L-23 2/5 3/3 5/10%

B6 nude mice were inoculated i.d. with 5 10° FBL-3 tumor
cells on day 0. FBL-3-specific CD4* T cell clone (BL4L-23;
1 X107 cells) was injected i.v. on the day of tumor transplanta-
tion. Lentinan (5 mg/kg) or saline was injected i.p. on days
7-11. Survival ratio of each group was examined at day 80
after tumor inoculation,

*, Not significant vs. saline alone.

k%, P<0.05 vs. lentinan alone.

other hand, Friend gag protein-specific CD8* CTL
clone, which is able to kill FBL-3 tumor in vitro and
which does not induce DTH response against FBL-3
even when administered together with lentinan, could
not reconstitute the antitumor effects in B6 nude mice
when administered with lentinan (data not shown).

DISCUSSION

The present study demonstrates that a non-cytolytic,
tumor-associated antigen-specific CD4% T cell clone is
able to reconstitute both the lentinan-induced antitumor
effects and DTH responses against FBL-3 in nude mice
which lack them. Moreover, the intensities of the DTH
responses induced by lentinan are consistent with the
antitumor effects of lentinan in mice deprived of certain
subsets of lymphocytes.

Different processes are thought to be responsible for
tumor rejection of solid and disseminated tumors.'® In a
disseminated tumor, immune effector cells may have easy
access to tumor cells, and thus high activity of immune
effector cells is the main hallmark of suceessful immuno-
therapy. In contrast, activated immune effector cells are
required to infiltrate into the tumor burden to eradicate
solid tumors. One reason for the failure of adoptive
immunotherapy with cultured LAK or TIL cells might
be poor ability of the cells to infilirate into the tumor
burden (extravascularization and infiltration).

Recent observations have revealed that both CD4*
and CD8" T cells possess the ability to reject established
tumors.”?? CD8" T cells function as cytotoxic T lym-
phocytes and their direct cytolytic activity is required to
induce tumor destruction.’®? On the other hand, some
possible roles of CD4* T cells in tumor rejection have
been proposed. CD4" T cells function as helper T cells



for CTL against tumor cells.?” CD4* T cells have been
considered to function also as a DTH reaction inducer,
and tumor-associated antigen-specific DTH responses at
tumor sites may induce activation and infiltration of non-
specific effector cells, such as macrophages, NK cells, and
so on.**? Furthermore, CD4* T cells may also function
as cytotoxic T lymphocytes.?*) Although it has not been
clarified whether either of these mechanisms is critical
for tumor rejection, cooperative interactions among
these multiple cells may be required to achieve complete
tumor rejection. In a disseminated leukemia model using
FBL-3 (ascites form}, Greenberg et al. demonstrated
that the combination of chemotherapy and adoptive
transfer of CD4" or CD8* T cells from immunized mice
was capable of inducing therapeutic effects.'®?® On the
other hand, Nakayama et al. reported that CD4" T cells
function as CTL for class II-positive mutant FBL-3 in a
solid tumor model. %"

Although lentinan is known to augment NK and CTL
activity, augmentation of in vive or in vitro killer activity
of lentinan is probably not so important in this model
system, because the induced activities did not correlate
well with the antitumor effects in lymphocyte subset
depletion experiments, NK, CTL and helper T cell
(tested in terms of IL-2-producing activity) were already
augmented in tumor-bearing mice (Figs. 3-5). This
seems to be a typical example of the situation that acti-
vation of immune effector cells is not enough to induce
tumor rejection. On the contrary, the DTH response
against FBL-3 was triggered by lentinan and correlated
well with the antitumor effects in lymphocyte subset
depletion experiments. In this experiment, in addition to
CD4" T cell subset, CD8' T cell subset exerted DTH-
inducing activity against FBL-3. These results are con-
sistent with the observation by Zinkernagel,® who in-
dicated that the CD8" T cells induced antigen-specific
DTH response. Furthermore, in reconstitution experi-
ments using nude mice, a non-cytolytic tumor-associated
antigen-specific CD4* T cell clone able to induce the
DTH response in concert with lentinan reconstituted the
antitumor effects of lentinan. Therefore, the DTH re-
sponses at tumor sites induced by lentinan and the subse-
guent infiltration of immune effector cells into the tumor
burden appear to be important in the antitumor action of
lentinan.

Fujiwara et al. have proposed that secretion of y-IFIN/
MAF from CD4" T cells and subsequent activation of
macrophages by these factors was one of the critical
pathways leading to tumor destruction.””** Involvement
of CTL and NK cells in DTH reactions induced tumor
destruction was also suggested.” In our model of solid
FBL-3, NK and CTL also play partial roles in tumor

Antitumor Effects of Lentinan and DTH

destruction, although participation of activated macro-
phages was not evaluated, because the antitumor effects
of lentinan were abolished when both anti-CD8 and
anti-NK 1.1 mAb were injected simultaneously (data not
shown). These results suggest that augmented infiltration
of NK and antigen-specific CTLs into tumor sites by the
lentinan-induced DTH reaction against tumor-associated
antigen is the major mechanism underlying the antitumor
effects of lentinan against FBL-3. Although both NK
and CTLs function as effector cells in BDF1 mice, only
NK cells function as effector cells in B6 nude mice. The
absence of the antigen-specific CTLs may explain the
weak antitumor effects of the combination of the DTH-
inducible CD4" tumor-associated antigen-specific T cell
clone and lentinan in B6 nude mice.

Increased vascular permeability is important in the
infiltration of cells into DTH sites.®*® It was reported
that cooperation of early DTH-mediating T cells, en-
hancing vascular permeability, with cultured effector
cells, mediating the late phase of DTH response (that is,
cellular infiltration) was required to reject tumors.”
Askenase et gl. demonstrated that T cell-dependent secre-
tion of vasoactive amines from cutaneous mast cells
played a role in increased vascular permeability in DTH
responses.’® 3 Maeda et @/ demonstrated that injection
of lentinan induced vascular dilatation and hemorrhage
at the ears of mice, designated as a VDH response, in a T
cell-dependent manner.’>3? Lentinan has been reported
to increase the susceptibility of mice to histamine or sero-
tonin.*® Furthermore, we observed enhanced leakage of
fluorescein isothiocyanate-dextran at tumor sites around
12 h after lentinan injection in the same tumor model in
a T cell-dependent manner, indicating an increase of
vascular permeability at the tumor site by lentinan in this
tumor model (Takatsuki et al, unpublished results).
These results suggest that enhanced vascular permeability
is crucial for the augmentation of the DTH response
against tumor-associated antigen, and lentinan-induced
DTH responses at tumor sites play a role in the eradica-
tion of tumors.

Our present data support the notion that, in addition
to the augmentation of immune effector activity against
tumors, regulation of extravascularization and infiltra-
tion of immune effector cells into the tumor burden is
crucial to eradicate solid tumors.
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