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Abstract

Because cancer is associated with aging, immunological features in the aged should be
considered in anti-cancer immunotherapy. In this study, we investigated antitumor immunity
in aged mice using a CT26 colon carcinoma model. The tumor growth of CT26 was
accelerated in aged mice compared with that in young mice, but this difference was not
observed in nude mice. The serum levels of IL-6 and TNF-o were higher in aged mice than
those in young mice, irrespective of the CT26-bearing state. The in vitro induction of
CT26-specific CTLs from aged mice that were vaccinated with doxorubicin (DTX)-treated
CT26 cells was impaired. In vivo neutralization of IL-6, but not TNF-a.,, showed a tendency
to restore the in vitro induction of CT26-specific CTLs from vaccinated aged mice. Analyses
on tumor-infiltrating immune cells as early as day 5 after CT26 inoculation revealed that
monocytic and granulocytic MDSCs preferentially infiltrated into tumor sites in aged mice
compared with young mice. Alternatively, oral administration of Lentinula edodes mycelia
(L.E.M.) extract, which has the potential to suppress inflammation in tumor-bearing hosts,
decreased the serum levels of IL-6 in aged mice. When administration of L.E.M. extract was
started 1 week earlier, CT26 growth was retarded in aged mice and the in vivo priming of
tumor-specific CTLs was improved in CT26-vaccinated aged mice. These results indicate
early infiltration of MDSCs is related to impaired immunity of aged hosts and that oral

administration of L.E.M. extract can mitigate the impairment.
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Précis

Tumor growth was accelerated in aged compared with in young mice with increased levels of
serum IL-6 and TNF-a.. But, oral administration of L.E.M. extract retarded tumor growth and

restored the antitumor immunity of aged mice.

Abbreviations

DTX, doxorubicin
L.E.M., Lentinus edoles mycelia
Thi, type | helper

Treg, regulatory T cell



Introduction

Cancer frequently occurs in the elderly, and their immunological competence is reduced
[1]. Therefore, age-associated impairment of immunity, particularly T cell immunity, should
be considered at the setting of immunotherapy. However, much attention has not been paid
on this issue. Thus far, several reasons have been proposed to explain immune dysfunction in
the aged [1]: the decreased number of T cells due to thymic atrophy with aging [2], decreased
proliferation and cytokine production by T cells [3,4], reduced cytotoxic activity of CTLs [5],
decreased naive T cells capable of reacting to new antigens [6], and deficiencies in APCs,
such as DCs [7]. Additionally, several studies have indicated that aged hosts have higher
numbers of regulatory T cells (Tregs) and MDSCs [8-10]. Moreover, proinflammatory
cytokines, including IL-6 and TNF-q, are increased in the aged [11,12]. The accumulation of
these alterations may lead to immune dysfunction in aged hosts, resulting in the promotion of
tumor growth [1]. However, several studies have reported that tumor growth is retarded in
aged mice compared with young mice [13-16]. Overall, the underlying mechanisms of
impaired antitumor immunity in aged hosts are complicated, and the precise mechanisms
have not been fully elucidated.

The cancer-bearing state is accompanied by inflammation [17]. Particularly, IL-6 and
TNF-a are the main mediators of cancer-associated inflammation and are known to induce
cachexia at high levels [18]. Alternatively, these cytokines are also increased in the aged
[11,12]. IL-6 inhibits the type 1 helper (Th1) response and induction of CTLs [11].
Additionally, inflammation and IL-6 increase MDSCs [19,20], and MDSCs suppress the Thl
response via IL-6 production [21].

We recently reported that oral ingestion of Lentinus edodes mycelia (L.E.M.) extract



mitigates Treg-mediated immunosuppression and restores melanoma-reactive CD8" T cells in
melanoma-bearing mice [22]. Additionally, this reagent can prolong vaccine-induced
tumor-specific CTLs in vivo [23]. Furthermore, oral ingestion of L.E.M. extract can suppress
an increase in the serum level of IL-6 in mice that were inoculated with colon carcinoma into
the cecum [24], suggesting that this reagent has the potential to attenuate inflammation with
either cancer and/or aging.

In the present study, we tried to elucidate the mechanisms of impaired antitumor
immunity in aged hosts by comparing CT26 colon carcinoma-bearing young and aged mice.
Our results indicate that IL-6 and TNF-a were increased in aged mice and that monocytic
and granulocytic MDSCs were preferentially infiltrated into tumor sites. Additionally, our
findings suggested that oral administration of L.E.M. extract can mitigate impaired antitumor
immunity to the level of young hosts and restore the efficacy of anti-cancer vaccine to some

degree.

Materials and Methods

Mice and tumor cell lines BALB/c and BALB/c nu/nu female mice (H-2%; 6-7 weeks
(W) old) were purchased from CLEA Japan, Inc. (Tokyo, Japan) and Japan SLC, Inc.
(Hamamatsu, Japan), respectively. These mice were used as young mice. Retired BALB/c
mice (45 W) were purchased from CLEA Japan. Experiments were performed according to
the ethical guidelines for animal experiments of the Shimane University Faculty of Medicine
(1Z26-5) and for animal experiments of the Kobayashi Pharmaceutical Co., Ltd. CT26 is a
colon carcinoma cell line derived from BALB/c mice and was maintained in RPMI 1640

supplemented with 10% FBS.



L.E.M. reagent Dried powdered extract of L.E.M. was prepared with hot water before
germination and after culturing mycelia in a medium composed of bagasse and rice bran, as
previously described [25]. L.E.M. extract was diluted in PBS at a dose of 0.25 g/mL and was
orally administered using gavage at a volume of 200 ul and 300 pl for young and aged mice,
respectively. As a control, the same volume of PBS was administered.

Vaccine with cancer cells and in vitro induction of tumor-specific CTLs To
inactivate cancer cells, CT26 cells were treated with doxorubicin (DTX) (Kyowa Hakko Co.
Ltd., Tokyo, Japan) at a dose of 50 pg/mL for 12 h. After washing, 1 X 10° CT26 cells were
injected to the left flank of mice. After 2 weeks, spleen cells were harvested and cultured
with an H-2L%binding peptide (SPSYVYHQF), a tumor antigen peptide of CT26 derived
from the envelope protein (gp70) of an endogenous murine leukemia virus [26], in the
presence of 1L-2 (20 U/mL) for 4 days. This peptide was designated AH1 in the current study.
AH1 peptide was >80% pure and was purchased from Invitrogen (Carlsbad, CA, USA).
Thereafter, its cytotoxicity was measured using a 5-h >*Cr-release assay.

Flow cytometry. To assess the subsets of the spleen, the cell suspension was treated with
RBC-lysing buffer, stained with the indicated mAbs and analyzed using flow cytometry with
a FACSCalibur (Becton-Dickinson, Fullerton, CA, USA). The following mAbs were used for
staining: APC-conjugated anti-CD45 (BioLegend, San Diego, CA, USA), PE-conjugated
anti-CD4 (AbD Serotec, Oxford, UK), PE-conjugated anti-CD8 (Southern Biotech,
Birmingham, AL, USA), PE-conjugated anti-CD11b (BioLegend), FITC-conjugated
anti-Gr-1 (R&D systems, Minneapolis, MN, USA), and PE/cy7-conjugated anti-Ly6C
(BioLegend). To examine Tregs, the cell suspension was stained with APC-conjugated
anti-CD45 (BioLegend) and PE-conjugated anti-CD4 (AbD Serotec). After fixing with

IntraPrep Permeabilization Reagent (Beckman Coulter, Brea, CA, USA), these cells were



stained with anti-Foxp3 mAb (Santa Cruz Biotechnology, Santa Cruz, CA, USA).

In some experiments, 1 X 10® CT26 cells were inoculated s.c. to four different sites in one
mouse. On day 5, the tumor tissues were harvested from the four sites, pooled and examined
by flow cytometry. The pooled cell suspension was individually pooled from each mouse.

ELISA Serum levels of IL-6 and TNF-a were determined using the ELISA
Development Kit (PeproTech, Rocky Hill, NJ, USA). To examine the ability of spleen cells
to produce cytokines, spleen cells were cultured with or without LPS (List Biological
Laboratories, Inc, Campbell, CA, USA) (5 ng/mL) or anti-CD3 mAb (clone 145-2C11,
BioLegend) (2 ug/mL) for 48 h.

In vivo neutralization of IL-6 and/or TNF-a To neutralize either or both IL-6 and
TNF-a in vivo, anti-mouse IL-6 antibody (rat IgG1: R&D Systems, Inc., Minneapolis, MN,
USA) and 100 pg anti-mouse TNF-a antibody (rat IgG1: Southern Biotech, Birmingham, AL,
USA), at a dose of 100 ug, were injected i.p. twice, one day before and simultaneously with
vaccination of cancer cells. As a control, rat IgG (Sigma-Aldrich, Saint Louis, MO, USA)
was injected.

Protective immunity assay. To compare protective anti-tumor immunity, we used mice
that were vaccinated s.c. in the left flank with 1< 10° DTX-treated CT26 cells. Two weeks
later, these mice were inoculated s.c. in the right flank with 5< 10° viable CT26 cells.
Several mice groups received PBS or L.E.M. extract administered orally. The L.E.M. extract
was administered 1 week prior to and 1 week after vaccination for a total of 2 weeks. The
tumor size was measured thereafter.

Statistical analysis Data were evaluated using unpaired two-tailed Student’s t-test and
analysis of variance (ANOVA) with Bartlett’s test. A P value of < 0.05 was considered to

indicate statistical significance.



Results

Accelerated growth of CT26 in aged compared with young mice

First, we compared the growth of CT26 in young (7 W) and aged (45 W) BALB/c mice.
Three different doses of CT26 were inoculated s.c. to the right flank (Fig. 1a). The tumor size
was larger in aged mice compared with that in young mice when 1 X 10° CT26 cells were
inoculated (Fig. 1b). A similar result was observed when 1 X 10° CT26 cells were inoculated
into young (7 W) and aged (60-65 W) mice (Fig. 1c, Left), and the tumor weight on day 28 in

aged mice was significantly higher than that in young mice (Fig. 1c, Right).

Cell number and subsets of spleen cells from young and aged mice

Next, we next compared the cell number and subsets of spleen cells from young (7 W)
and aged (60 W) BALB/c mice. The spleen cell number and positive percentages of B220" B
cells were higher in aged mice, whereas the positive percentage of CD8" T cells was lower in
spleen cells from aged mice (Suppl. Fig. 1a). No difference was observed in the percentages
of CD4" T cells and Tregs. Additionally, we examined the percentages of myeloid cells.
MDSCs can be divided into monocytic CD11b" Gr-1'" Ly6C"* cells and granulocytic
CD11b* Gr-1" Ly6C  cells [27,28]. The staining and gating strategies to examine myeloid
cells are shown in Suppl. Fig. 1b. Splenic monocytes were defined as CD11b" F4/80" cells.
All myeloid cells showed a tendency to increase in aged mice, and increases in the

percentages of total and monocytic MDSCs were statistically significant.

Elevation of IL-6 and TNF-a. in aged naive mice



We next measured the serum levels of IL-6 and TNF-a in young (7 W) and aged (60 W)
mice that were naive or inoculated s.c. with 5 10° CT26 cells 10 days prior. The results
showed that the serum levels of IL-6 and TNF-a were significantly elevated in aged mice
compared with those of young mice and that the tumor-bearing state showed the tendency to
increase IL-6, but the difference was not significant (Fig. 2a). IL-6 and TNF-a. were detected
in the culture supernatants of CT26 cells (1< 10° cells/mL for 48 h) at levels of 120 pg/mL
and 63 pg/mL, respectively. We also measured the potential of spleen cells to produce IL-6
and TNF-a, and found that the spleen cells from aged mice produced higher levels of IL-6
upon LPS stimulation than young mice (Fig. 2b). Additionally, spleen cells from aged mice
produced higher levels of IFN-y in response to anti-CD3 mAb compared with young mice.
We further determined whether these findings could be observed in nude mice. No difference
in tumor growth was observed between young (7 W) and aged (45 W) nude mice (Fig. 2¢).
We also measured the serum levels of IL-6 and TNF-a in young (7 W) and aged (45 W) nude
mice that were naive or inoculated s.c. with 1< 10° CT26 cells 18 days prior. As a result, the
level of IL-6 was elevated in the serum of aged nude mice, whereas that of TNF-a was not
increased in aged nude mice (Fig. 2d). These results indicate that aging is accompanied by
increased levels of proinflammatory cytokines, including IL-6 and TNF-a., and the increase

in IL-6 in aged mice is T cell-independent.

Effects of IL-6 and TNF-a on in vivo priming and in vitro induction of tumor-specific
CTLs

We compared the vaccine efficacy of inactivated cancer cells in the in vivo priming of
tumor-specific CTLs between young and aged mice. Two weeks after s.c. inoculation of

DTX-treated CT26 cells, spleen cells were in vitro stimulated with a tumor antigenic AH1



peptide and examined for cytotoxicity against CT26 cells (Fig. 3a). Although tumor-specific
CTLs were induced successfully from the spleen cells of vaccinated young mice, the vaccine
efficacy was weak in aged mice. Given that the serum levels of IL-6 and TNF-o were
elevated in aged mice (Fig. 2a), we examined the effects of these cytokines on the in vitro
induction of anti-tumor CTLs. The spleen cells from vaccinated young and aged mice were
stimulated in vitro with a tumor antigenic AH1 peptide and IL-2 for 4 days in the presence of
IL-6 (200 pg/mL) and/or TNF-o (100 (pg/mL). The results showed that anti-CT26 CTL
activity was enhanced only when TNF-a was added to the culture of the spleen cells from
young mice (Suppl. Fig. 2). Alternatively, we examined the effects of IL-6 and TNF-o. on the
in vivo priming of tumor-specific CTLs in aged mice (Fig. 3b). The aged (45 W) mice were
i.p. injected with either or both anti-1L-6 and/or anti-TNF-a neutralizing antibodies twice,
one day before and simultaneously with s.c. injection of DTX-treated CT26 cells. As a result,
neutralization of TNF-a., but not IL-6, at the timing of cancer vaccine suppressed the
induction of CT26-specific CTLs from aged mice. We additionally performed the anti-IL-6
neutralizing experiments using aged (60 W) mice. As a result, neutralization of I1L-6
augmented the induction of CT26-specific CTLs from spleen cells of vaccinated aged (60 W)
mice, but this increase was not significant (Fig. 3c). Overall, these results suggest that TNF-o
exerts a stimulatory effect on the in vivo priming of tumor-specific CTLs, but that IL-6 has

the tendency to inhibit it.

Early infiltration of monocytic and granulocytic MDSCs into the tumor sites in aged
mice.
Inflammation generally increases the trafficking ability of immune cells [29].

Additionally, MDSCs can be induced by inflammation [20,31]. Therefore, we examined the
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tumor-infiltrating immune cells, focusing especially on MDSCs, in young and aged mice as
early as 5 days after CT26 inoculation. The staining and gating strategies to detect two
different sets of MDSCs in tumors are shown in Fig. 4a. To obtain a sufficient amount of
infiltrating cells to perform flow cytometric analysis, each mouse was inoculated s.c. with 1
X 10° CT26 cells to four different sites, and all tumor tissues in each mouse were pooled.
The tumor sizes of young and aged mice on day 5 were 17.3 + 2.0 and 24.0 + 1.8 mm?,
respectively (P<0.01). As a result, the percentages of CD45" immune cells were higher in
aged mice than in young mice (Fig. 4b). However, there was no difference between young
and aged mice in the percentage of CD11b" cells among CD45" cells in tumor sites.
Additionally, there was no difference in the percentages of CD11b* Gr-1'"" Ly6C *
monocytic and CD11b* Gr-1" Ly6C ~ granulocytic MDSCs. Similarly, no difference was
observed in the percentages of CD11b* Gr-1" Ly6C" cells, which were probably
tumor-associated macrophages. These results indicate that CD45" immune cells preferentially
infiltrate into tumor sites in aged mice compared with young mice at the early tumor-bearing

stage.

Effect of oral administration of L.E.M. extract on CT26 growth in aged mice

As described in the Introduction, oral ingestion of L.E.M. extract mitigates an increase in
serum IL-6 in mice that were inoculated with CT26 into the cecum [24]. We next determined
whether oral administration of L.E.M. extract could ameliorate the impaired antitumor
immunity in aged mice. Since the body weights of aged mice were almost 1.5 times higher
than those of young mice (Fig. 5a), we suspended L.E.M. extract in PBS at a dose of 0.25
g/mL and orally administered it at volumes of 200 ul and 300 ul to young and aged mice,

respectively. In the first experiment, we started to administer L.E.M. extract on the next day
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following s.c. inoculation of CT26, but no antitumor effect was observed in young or aged
mice (Fig. 5b). Therefore, given the elevated levels of IL-6 and TNF-a in naive aged mice,
we next examined the antitumor effect when oral administration of L.E.M. extract was
started 1 week before CT26 inoculation. As a result, CT26 growth in aged mice was
significantly suppressed by oral administration of L.E.M. extract to the same level of young
mice on days 10 and 14 after CT26 inoculation (Fig. 5¢). The serum levels of IL-6 of
untreated aged and L.E.M.-administered aged mice on day 12 after CT26 inoculation were
390.8 + 98.2 and 256.9 + 44.3 (pg/mL), respectively (P<0.01). In contrast, no difference was
observed in the levels of TNF-o.. We also examined the effect of oral administration of L.E.M.
extract for 1 week on the serum levels of 1L-6 and TNF-a in naive aged (45 W and 60 W)
mice. Although the difference was not statistically significant in aged (45 W) mice, oral
administration of L.E.M. extract significantly decreased serum levels of IL-6, but not

TNF-a, in 60 W aged mice (Fig. 5d).

Amelioration of impaired anti-cancer vaccine efficacy in aged mice by oral
administration of L.E.M. extract

We next examined the effect of oral administration of L.E.M. extract on the in vivo priming
with inactivated CT26 cells. Aged (45-50W) mice were administered L.E.M. extract orally
one week before and were injected s.c. with DTX-treated CT26 cells. Oral administration of
L.E.M. extract was continued until the spleen cells were harvested. Two weeks after
vaccination, spleen cells were harvested, and their anti-CT26 CTL activity was examined
after in vitro culture with the AH1 peptide. As a result, oral administration of L.E.M. extract
increased the CT26-specific cytotoxicity of DTX-vaccinated aged mice (Fig. 6a).

Subsequently, a similar experiment was performed using young (7 W) mice (Fig. 6b).
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Vaccine alone induced anti-CT26 CTLs effectively, but oral administration of L.E.M. extract
had no augmenting effect on this CTL induction. Lastly, we examined the effect of oral
administration of L.E.M. extract on protective immunity (Fig. 6¢). DTX-treated CT26 cells
were vaccinated s.c. into young (7W) and aged (60W) mice; after 2 weeks, 5% 10°> CT26
cells were challenged. Some mice were received L.E.M. extract orally, beginning 1 week
before and lasting until 1 week after vaccination. Vaccine alone induced more prominent
protective immunity in young mice than in aged mice. Six of seven young mice rejected the
CT26 re-challenge compared with one of six aged mice. The tumor size decreased to 20% in
young mice, but to only 50% in aged mice. Oral administration of L.E.M. extract led to a
slight decrease in tumor gowth of CT26 in aged mice, but this decrease was not significant.
These results indicate that oral administration of L.E.M. extract can partially restore the

impaired anti-cancer vaccine efficacy in aged mice.

Discussion

Age-associated attenuation of immunological competence urges us to take precautions in
anti-cancer immunotherapy for aged hosts. Until now, several studies have revealed the
mechanisms underlying why antitumor immunity in aged hosts is impaired, as described in
the Introduction. Nevertheless, the underlying mechanisms and therapies to relieve impaired
antitumor immunity in aged hosts have not been investigated fully. Therefore, we undertook
the present study and subsequently tested the possibility that an orally available
immunomodulator, L.E.M. extract, could alleviate age-associated impairment of antitumor
immunity.

After observation that the growth of CT26 carcinoma was accelerated in aged mice (Fig.
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1), we compared tumor growth in young and aged nude mice, however no difference in
tumor growth was observed (Fig. 2c¢). These results suggest that the difference in tumor
growth between young and aged mice was ascribed mainly to the impairment of antitumor T
cell immunity in this tumor model. Additionally, the levels of serum IL-6 and TNF-o were
increased in aged mice compared with young mice (Fig. 2a), consistent with previous reports
[11,12,19]. What types of cells produce IL-6 and TNF-o in aged mice? The spleen cells from
aged mice produce higher levels of 1L-6 upon LPS stimulation than those from young mice
(Fig. 2b). Regarding IL-6, LPS might trigger IL-6 production by macrophages and B cells in
the spleen via TLR4-mediated signaling. We suppose that these cells in aged mice increase
the potential to produce IL-6 as a result of an age-associated inflammatory environment.
However, some reports have suggested that macrophages from aged mice impair the
production of proinflammatory cytokines, such as IL-6 and TNF-a, upon LPS stimulation
compared with young mice [31,32]. In contrast, other studies have reported that aged mice
are more sensitive to LPS stimulation than young mice [33,34]. Of note is that serum IL-6,
but not TNF-a, was elevated in aged nude mice (Fig. 2d). This finding indicates that I1L-6
was increased in a T cell-independent manner in aged mice. Interestingly, a recent report
suggests that the interaction between adiposity and macrophages is a critical factor for
cytokine storm after stimulatory immunotherapy with anti-CD40 antibody and IL-2 in young
obese mice [35]. In addition, caloric restriction prevents an elevation of IL-6 and TNF-a in
aged mice [12,35]. Adiposity seems to be involved in the age-associated increase in
proinflammatory cytokines. Alternatively, spleen cells from aged mice produced a higher
level of IFN-y in the presence of anti-CD3 antibody (Fig. 2b). This observation is
inconsistent with other studies reporting that Thl responses are impaired in aged hosts

[11,36]. Whereas other studies examined IFN-y production by antigen-specific T cells, we
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examined bulk IFN-y production by polyclonal T cells using anti-CD3 mAb. Although a
component of unprimed naive T cells could be diminished in aged hosts, effector or
memory-like T cells capable of producing Th1l type cytokines might be accumulated during
aging. Further studies are needed to elucidate the underlying mechanism.

The efficacy of the anti-cancer vaccine to induce tumor-specific CTLs was impaired in
aged mice. To use this vaccine, we applied DTX to inactivate cancer cells because DTX is a
useful drug to induce immunogenic cancer cell death [37], and we previously reported that
DTX-treated immunization can induce protective immunity [38]. Thereafter, we determined
whether IL-6 and/or TNF-a have any effect on the in vivo priming and in vitro induction of
tumor-specific CTLs. In vivo neutralization of TNF-a at the in vivo priming with
DTX-treated cancer cells inhibited CTL induction (Fig. 3b), whereas that of IL-6 showed the
tendency to restore this induction (Fig. 3c). Given that tumor-specific CTLs may not be
induced/primed for only 4 days in in vitro culture, TNF-a could exert a positive role in in
vivo priming of tumor-specific CTLs in vaccinated aged mice. Presumably, TNF-a enhanced
the antigen-presenting capacity of DCs to prime tumor-specific CTLs, because DCs play a
central role in the in vivo priming of cancer-specific CTLs after cell-based vaccines [39], and
because TNF-a can augment the antigen-presenting capacity of DCs [40]. Alternatively, in
vitro addition of TNF-a slightly increased tumor-specific CTLs in the spleen cells of
vaccinated young mice (Suppl. Fig. 2). In this in vitro system, TNF-a might affect the killing
activity of tumor-specific CTLs. Indeed, it has been reported that TNF-a enhances the
cytotoxicity of tumor-specific CTLs by preventing an inhibitory effect of TGF-p [41] and
that CTLs induce cytolysis of cancer cells via secreted or membrane-associated forms of
TNF-a [42]. In contrast, the age-associated increase in IL-6 seems to counteract the effect of

TNF-a, and in vivo blockade of IL-6 activity tended to enhance the induction of

15



tumor-specific CTLs in vaccinated aged mice (Fig. 3c). However, IL-6 showed no effect on
the in vitro induction of tumor-specific CTL activity in spleen cells from vaccinated mice
(Suppl. Fig. 2). This result suggests that 1L-6 indirectly exerted an inhibitory effect on the in
vivo priming of tumor-specific CTLs in vaccinated mice. In fact, it has been reported that
IL-6 inhibits the Thl response and the induction of CTLs [11] and increases MDSCs [19,20].

Inflammation and IL-6 are known to induce MDSCs [19,20]. Therefore, given an
increase in serum levels of IL-6 and TNF-a in naive aged mice, we tested the possibility that
MDSCs were preferentially infiltrated into the tumor sites of aged mice. Particularly, we
focused on MDSCs in tumor sites at the early tumor-bearing state. As a result, monocytic and
granulocytic MDSCs infiltrated into tumor sites more preferentially in aged mice than in
young mice on day 5 after tumor inoculation (Fig. 4b). These early-infiltrating MDSCs were
at least partially responsible for accelerated tumor growth in aged mice.

We previously reported that oral ingestion of L.E.M. extract can suppress CT26 growth
in the cecum and increase serum IL-6 in young mice [24]. Therefore, we tested whether oral
administration of L.E.M. extract could suppress the s.c. inoculated CT26 growth and
attenuate increases in serum IL-6 and TNF-a in aged mice. Oral administration of L.E.M.
extract significantly decreased serum IL-6 in aged mice (Fig. 5d). Treatment with L.E.M.
extract led to the tendency toward decreased TNF-a in aged mice, but the difference was not
significant. Importantly, oral administration of L.E.M. extract beforehand retarded CT26
growth in aged mice to the same level in young mice (Fig. 5¢). Additionally, oral
administration of L.E.M. extract beforehand restored anti-cancer vaccine efficacy by
inducing tumor-specific CTLs in aged mice (Fig. 6a). These results suggest that oral
administration of L.E.M. extract can restore anti-cancer vaccine efficacy to some degree even

in aged tumor-bearing hosts.
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In conclusion, we demonstrated that the age-associated increase in IL-6/TFN-a. and
preferential and early infiltration of MDSCs into tumor sites, at least partially, contribute to
impaired T cell immunity in aged mice. In addition, oral administration of L.E.M. extract
beforehand retarded tumor growth, probably via attenuating aging-associated inflammation.
L.E.M. extract can be administered on an outpatient basis [43]. Given that an orally available
immunomodulator is not a burden for aged patients, this type of drug will be useful in aged

cancer patients treated with anticancer immunotherapies, including anticancer vaccines.
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Figure 1. Promotion of tumor growth in aged mice. (a) Young (7 W) and aged (45 W)
BALB/c mice (n = 6) were inoculated s.c. with the indicated doses of CT26 cells. Each line
represents the tumor growth of an individual mouse. (b) A representative result of tumor
growth in BALB/c mice that were injected s.c. in the right flank with 1< 10° CT26 cells is
shown. * indicates P < 0.05. ** indicates P < 0.01. Similar results were obtained in two
independent experiments. (c) (Left) Young (7 W) and aged (60-65 W) BALB/c mice (n =7)
were inoculated s.c. with 1 X 10° CT26 cells. * indicates P < 0.05. ** indicates P < 0.01.
Similar results were obtained in three independent experiments. (Right) On day 28, tumor

weight was measured. * indicates P < 0.05. NT, no tumor.
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Figure 2. Increased levels of serum IL-6 and TNF-a in naive aged mice. (a) Serum
levels of IL-6 and TNF-a in naive and CT26-bearing (on day 10) young (7 W) and aged (60
W) BALB/c mice were measured by ELISA. Mice were injected s.c. with 1< 10° CT26 cells.
Each group consisted of five or six mice. * indicates P < 0.05. ** indicates P < 0.01. Similar
results were obtained in two independent experiments. (b) The spleen cells from three young
(7 W) and three aged (60 W) BALB/c mice were examined for their production of IL-6 and
TNF-a during two days in culture in the presence or absence of LPS (5 ug/mL) or anti-CD3
mADb (2 pg/mL). ** indicates P < 0.01. N.S.: not significant. Similar results were obtained in
two independent experiments. (¢) Nude young (7 W) and aged (45 W) mice were injected s.c.
with 1< 10° CT26 cells and tumor growth was measured. Each group consisted of five mice.
(d) Serum levels of IL-6 and TNF-a in naive and CT26-bearing (on day 18) young (7 W) and
aged (45 W) nude mice were measured by ELISA. Each group consisted of five mice. *

indicates P < 0.05.
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Figure 3. Effects of IL-6 and TNF-a. on the in vitro induction and in vivo priming of
tumor-specific CTLs. (a) (Left) Naive young (7 W) and aged (60 W) BALB/c mice were
injected s.c. with DTX-treated 1 X 10° CT26 cells. Two weeks later, spleen cells were
harvested and cultured with the AH1 peptide and IL-2 (20 U/mL) for 4 days. These cultured
cells were examined for their cytotoxicity against CT26 cells using the >*Cr-release assay.
Each group consisted of four mice. (Right) The results at an E/T ratio of 100 are shown. *
indicates P < 0.05. ** indicates P < 0.01. NS, not significant. Y, young: A, aged. Similar
results were obtained in two independent experiments. (b) (Upper) Naive aged (45-50 W)
BALB/c mice were injected s.c. with DTX-treated 1 X 10° CT26 cells. Anti-I1L-6 or
anti-TNF-a. neutralizing mAb (100 pg) was i.p. injected twice (1 day before and on the same
day of immunization with DTX-treated CT26). Two weeks later, spleen cells were harvested
and cultured with the AH1 peptide and IL-2 (20 U/mL) for 4 days. These cultured cells were

examined for their cytotoxicity against CT26 cells using the >*Cr-release assay. Each group
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consisted of three mice. (Lower) The results at an E/T ratio of 100 are shown. * indicates P <
0.05. (c) The similar experiment described in (b) was performed using aged (60 W) mice.

Each group consisted of four mice. NS, not significant.
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Figure 4. Infiltration of CD45" immune cells into the tumor sites.

Young (7 W) and aged (60 W) BALB/c mice were injected s.c. into four sites with 1 X 10°
CT26 cells. On day 5, the tumors were harvested from each mouse separately and analyzed
by flow cytometry. (a) The staining and gating strategies are shown. (b) The percentages of
tumor-infiltrating CD45" immune cells, CD11b" cells among CD45" cells, and
myeloid-derived cells among CD11b" cells are shown. The mean + SD of four mice is shown.

* indicates P < 0.05.
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Figure 5. Effect of oral administration of L.E.M. extract on CT26 growth in aged mice.
(a) Body weights of naive young (7 W) and aged (45 or 60 W) BALB/c mice were measured.
Each group consisted of five mice. ** indicates P < 0.01. (b) Young (7 W) and aged (60 W)
BALB/c mice were inoculated s.c. with 1 X 10° CT26 cells. From the following day, these
mice were administered orally with PBS or L.E.M. extract 6 days per week throughout the
experiment. Tumor growth was measured. Each group consisted of seven mice. * indicates P
< 0.05. Similar results were obtained in two independent experiments. (c) Similarly, young (7
W) and aged (45-50 W) BALB/c mice were inoculated s.c. with 1 X 10° CT26 cells. PBS or
L.E.M extract administration was initiated 1 week before CT26 inoculation and continued
throughout the experiment. * indicates P < 0.05. Each group consisted of seven mice. Similar
results were obtained in two independent experiments. (d) PBS or L.E.M. extract was
administered orally for 1 week to naive young (7 W) and aged (45 W or 60W) BALB/c mice
that were orally administered with PBS or L.E.M. extract for one week, and the sera were

collected. The IL-6 and TNF-a levels were measured by ELISA. Each group consisted of six
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or seven mice. * indicates P < 0.05. NS, not significant.

a "
PBES LEM CT2E vac Baoth
w &0 _
2 E = z * P
F o 0 " L . =
£ . w N S n o ;
E ™ h_;__:__--' m =, ] :__:'--'_': = E:-:::-H i -
e _ i =
S_ i =4 n ';::hu u —== ul E— iU
e 5 e s *
P . ™ & 3
e = o " ! ' iEm PEE  LEM CTMve: Boh
b
PSS LEM CT28 vac Buoth “
48 1} - & e &t
= £ = i
£ s - = —
n k) ] L1
& i w )
X n a1 o] .h_b ™ o+
g " L M 2 10 E 1
5§ = —_— 3
' 1 u
]
1 = e " - " e " Em FES  LEM CTl6war Bolh
c
LEM CT2E wac Both
: 4
» on day 11
v 140

=pm R

~dadeBdE

= HEAEREE
k
=3EdEREE

—_ J Toung —_ e
T e ' W] | Rl
-

E ﬁ BTy g — AT E an
& P4 s i wa BT &
E 1w L " naz E = L]
E am [t 1M i E e

4 v -
2 : : w “::- Aged 2

- - " //" - (60 W) . =

- - R el o 5 FEE LEW Vi Bath PBS LEW '\-'-c-: au

a L] L ] |I'H| 2 R 1]

T T TR Young {7 Wi Aged (20 W)

Daye after tummor Inooulation

Figure 6. Effect of oral administration of L.E.M. extract on the induction of
anti-CT26 CTLs and protective immunity. (a) (Left) Similarly to Figure 3a, naive aged
(45 W) BALB/c mice were vaccinated with 1< 10° DTX-treated CT26 cells. In some groups,
oral administration of PBS or L.E.M extract was initiated 1 week before CT26 vaccination
and continued until spleen cell harvesting. Two weeks after CT26 vaccination, the spleen
cells were harvested and cultured with the AH1 peptide and IL-2 (20 U/mL) for 4 days and
examined for their cytotoxicity against CT26 cells using the >*Cr-release assay. Each group
consisted of six mice. * indicates P < 0.05. ** indicates P < 0.01. (Right) The results at an

E/T ratio of 100 are shown. (b) Similar experiments were performed using young (7 W) mice.
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Each group consisted of five mice. The results at an E/T ratio of 100 are shown. ** indicates
P <0.01. NS, not significant. (c) (Left) Naive young (7 W) and aged (60 W) BALB/c mice
were vaccinated s.c. with DTX-treated 1 X 10° CT26 cells. In some groups, oral
administration of PBS or L.E.M extract was initiated 1 week before CT26 vaccination and
continued until 1 week after vaccination. Two weeks after CT26 vaccination, 5% 10° viable
CT26 cells were inoculated s.c. and tumor growth was measured. Each group consisted of six
or seven mice, and each line represents the tumor growth of an individual mouse. (Right) The
tumor sizes on day 11 after CT26 challenge are shown. * indicates P < 0.05. ** indicates P <

0.01. NS, not significant.
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