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Abstract Active hexose correlated compound (AHCC) is
a mixture of polysaccharides, amino acids, lipids and
minerals derived from cocultured mycelia of several
species of Basidiomycete mushrooms. AHCC has been
implicated to modulate immune functions and plays a
protective role against infection. However, the potential
role of AHCC in tumor immune surveillance is unknown. In this study, C57BL/6 mice were orally
administered AHCC or water, followed by tumor cell
inoculation. We showed that compared to pure watertreated mice, AHCC treatment signiﬁcantly delayed tumor development after inoculation of either melanoma
cell line B16F0 or lymphoma cell line EL4. Treatment
with AHCC enhanced both Ag-speciﬁc activation and
proliferation of CD4+ and CD8+ T cells, increased the
number of tumor Ag-speciﬁc CD8+ T cells, and more
importantly, increased the frequency of tumor Ag-speciﬁc IFN-c producing CD8+ T cells. Interestingly,
AHCC treatment also showed increased cell number of
NK and cd T cells, indicating the role of AHCC in
activating these innate-like lymphocytes. In summary,
our results demonstrate that AHCC can enhance tumor
immune surveillance through regulating both innate and
adaptive immune responses.
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Introduction
Active hexose correlated compound (AHCC) is a mixture of polysaccharides, amino acids, lipids and minerals
derived from fungi [1]. The chemical analysis has revealed that oligosaccharides are the major components
of AHCC, consisting about 74% of the mixture. Nearly
20% of this fraction is composed of the a-1,4-glucans
and their acetylated forms with an average molecular
weight of 5,000. Consequently, these oligosaccharides
may account for the biological activities associated with
AHCC.
As a therapeutic agent, AHCC is well tolerated and
largely free of adverse eﬀects [2, 3]. This mixture has
been reported to have the following eﬀects: increase
detoxiﬁcation enzymes in the liver and protect the liver
from CCl4-induced injury [4], prevent the onset of diabetes induced by streptozotocin in animal models [1],
suppress thymic apoptosis induced by dexamethasone
[5], decrease ferric nitrilotriacetate (Fe-NTA)-mediated
excretion of 8-hydroxy-2¢-deoxyguanosine (8-OhdG) in
rat urine [6], and act as an antioxidant to ameliorate
endocrine disorders [7]. Overall, these data suggest that
AHCC can act as a potential modiﬁer of biological responses. In terms of immunity and cancer, studies have
revealed that AHCC enhanced the activity of natural
killer cell in cancer patients [8, 9], induced the production of IL-12 and IFN-c [10, 11], enhanced spleen cell
proliferation and cytokine production, as well as nitric
oxide and cytokine production in peritoneal cells [12],
and reduced the metastasis rate of rat mammary adenocarcinomas [8].
Using tumor transplantation model, it has been
demonstrated that T cells and IFN-c are critical
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elements for tumor immune surveillance [13, 14]. These
animal models have also been used to study the eﬀect of
the adoptive immunotherapy by CD8+ T cells and by
other mechanisms [15–17]. Therefore, studies using tumor cells in animal models may provide good indications for searching novel therapeutic agents to treat
cancer patients. Although these investigations suggest
that AHCC may modulate the immune response to tumors, the precise mechanism by which AHCC regulates
the immune function has not been studied systematically. In this study, we demonstrate that AHCC enhances tumor immune surveillance against both
melanoma and lymphoma formation by regulating both
innate and adaptive immune responses. Our results
suggest that AHCC may be a useful complementary
therapy for treating certain cancers.

Materials and methods
Mice
C57BL/6 (B6) mice were purchased from National
Cancer Institute and were used at 6–8 weeks of age in all
experiments. All mice were maintained under speciﬁc
pathogen-free conditions at Yale University.

CT). EL4 and its derivative OVA-expressing EG7 cell
lines were purchased from ATCC (Manassas, VA,
USA). For tumor induction, 1·105 B16 F0 melanoma
cells or 1.5·106 EL 4 cells were injected subcutaneously
and tumor growth was monitored and recorded daily for
over 3 weeks as described in our previous studies [14].
For some experiments, tumor cells (EL-4 or EG7) were
also administered intraperitoneally (1.5·106 tumor cells/
mouse).

Tumor antigen-speciﬁc CD8+ T cell IFN-c production
Mice were treated with AHCC or water for 2 weeks as
described above. These treated mice (n=5 for each
group) were immunized with 200 lg of B16 F0 tumor
lysate emulsiﬁed in CFA in the hind footpad, as described in our previous studies [14]. On day 7 postimmunization, draining lymph node cells were cultured
with complete Click’s medium containing 200 lg/ml
B16F0 tumor lysate for 24 h, in the presence of brefeldin
A for the last 3 h. Cells were then used for intracellular
cytokine staining as described below.

Intracellular cytokine staining
Administration of AHCC
AHCC (provided by Amino Up, Japan) was dissolved in
water with concentration of 60 mg/ml. Mice were
administered with AHCC or water orally (200 ll/mouse)
once a day for 2 weeks. Oral administration was
achieved by gavage to ensure all mice received the entire
dose.

Cultured draining lymph node cells were stained with
FITC-anti-CD8 followed by ﬁxation with 2% formaldehyde and permeabilization with 0.5% saponin (w/v)
for intracellular IFN-c staining, using PE anti-IFN-c as
described [18]. PE-conjugated rat IgG2a (BD Pharmingen) was used as an isotype control. Gating was performed on CD8+ T cells and the percentage of IFN-c+
cells was reported.

Reagents
Recombinant murine IL-2 was purchased from R&D
Systems (Minneapolis, MN, USA). Anti-mouse antibodies (CD3, NK1.1, CD4, CD8, CD62L, CD44, anti-a
b, anti-cd and IFN-c) used for phenotypic and cytokine
analysis were all purchased from BD Biosciences (San
Jose, CA, USA). Dye 5-(and –6) carboxyﬂuorescein diacetate succinimidyl ester (CFSE) was purchased from
Molecular Probes (Paisley, UK). PE SIIFEKL H2Kb
tetramer was purchased from Beckman Coulter (Fullerton, CA, USA). Formaldehyde 37% solution and
saponin were purchased from J.T. Baker Inc. (Phillipsburg, NJ, USA) and Sigma-Aldrich Co. (St. Louis, MO,
USA), respectively.
Tumor models
B16 F0 melanoma cell line was kindly provided by Dr.
Mark Mamula, (Yale School of Medicine, New Haven,

In vivo proliferation assay
C57BL/6 mice were treated with AHCC or water for
2weeks. CFSE-labeled OT-IICD4+ or OT-ICD8+ T
cells were transferred into AHCC-treated mice or control mice (n=5), followed by administration of OVA
(200 lg /mouse) on next day. Four days later, CFSEpositive cells from splenocytes were analyzed by ﬂow
cytometry.

Detecting tumor antigen-speciﬁc CD8+ T cells
Both AHCC-treated mice (n=4) and control mice
(n=4) were inoculated intraperitoneally with 1·106 EG7
tumor cells. On day 10, splenocytes from these mice were
isolated and stained with FITC-anti-CD8 and PE-tetramer for OVA. Percentage of tetramer positive CD8+
T cells was reported with FACS analysis.

1260

Analysis of cell composition and activation
Both AHCC-treated mice (n=4) and control mice
(n=4) were inoculated intraperitoneally with 1·106 EL4 or EG7 tumor cells. On day 10, splenocytes from these
mice were isolated and stained with one of the following
antibody combinations: FITC anit-CD3 and PE antiNK1.1; FITC anti-cd and PE anti-ab; PE anti-CD62L,
CyChrome anti-CD44, FITC anti-CD8a and APC antiCD4. Percentages of diﬀerent cell sub-populations were
reported with FACS analysis.
Antigen-speciﬁc CD8 T cell response
Age- and sex-matched AHCC-treated mice (n=4) and
control mice (n=4) were inoculated intraperitoneally
with 1·106 EG7 tumor cells. On day 10, splenocytes
from these mice were isolated and stained with PE SIIFEKL-H2Kb tetramer, FITC anti-CD8 and CyChrome
anti-CD3. Gating on CD8 T cells, the percentage of
SIIFEKL-H2Kb positive CD8+ T cells were reported.
Statistics
Statistical signiﬁcance was evaluated by two-tailed unpaired Student’s test or non-parameter analysis if SDs
were signiﬁcantly diﬀerent between two compared
groups using software InState 2.03 for Macintosh
(Graph Pad Software). The incidence of tumor development was compared and analyzed using the log rank
test, performed by GraphPad prism Version 3.0a for
Macintosh (GraphPad Software). Throughout the text,
ﬁgures and legends, *P<0.01 and **P<0.05 were used
to denote statistical signiﬁcance.

Results
Oral administration of AHCC enhances tumor immune
surveillance
Based on the ﬁndings that AHCC reduces the metastasis
of rat mammary adenocarcinomas and its ability to
modulate immune functions [8, 12], we hypothesized
that AHCC might enhance tumor immune surveillance.
To assess the eﬀect of AHCC on tumor development,
AHCC (or water) was administered to sex- and agematched C57BL/6 mice by gavage daily for 2 weeks,
followed by subcutaneous inoculation of B16F0 melanoma tumor cells (1·105 cells/mouse). Tumor growth
was observed and recorded daily as previously described
[14, 19]. Compared to control group (water-treated),
AHCC-treated mice showed delayed tumor development
(Fig. 1a) as well as reduced tumor size (Fig. 1b). To
deﬁne whether the eﬀect of AHCC on tumor development is melanoma speciﬁc, AHCC- or water-treated
mice were inoculated subcutaneously in the ﬂank or

intraperitoneally with thymoma EL-4 cells. Similar to
results observed with B16F0 melanoma cell challenge,
AHCC-treated mice were much more resistant to tumor
cell growth upon subcutaneous tumor inoculation
(Fig. 1c) and tumor formation after intraperitoneal tumor injection (Fig. 1d). Our results indicate that AHCC
signiﬁcantly enhances tumor surveillance.
AHCC increases tumor-speciﬁc activation
of CD4+ and CD8+ T cells
To deﬁne the underlying molecular mechanisms of
AHCC-mediated anti-tumor immune response, we ﬁrst
tested the eﬀect of AHCC on the adaptive immune response. Sex- and age-matched B6 mice were given
AHCC or water daily for 2 weeks, followed by intraperitoneal inoculation with EG7 tumor cells (EL-4 tumor cells expressing OVA, 1·106 cells/mouse [20]). On
day 10 post-inoculation, harvested splenocytes were
used for analysis of CD4+ and CD8+ T cell activation
using speciﬁc activation markers. AHCC treatment signiﬁcantly increased the number of activated CD4+ and
CD8+ T cells. According to our ﬁnding, the percentage
of CD62LloCD44hi population in the spleen for each T
cell subset was signiﬁcantly higher in AHCC-treated
mice as compared to those treated with water [14.5±3.3
vs 7.28±3.75 for CD4+ T cells, and 4.28±1.39 vs
2.39±1.08 for CD8+ T cells, respectively (Fig. 2a,
P<0.05)]. An example of the FACS proﬁle for CD4+
and CD8+ T cells from AHCC- or water-treated mice is
provided in Fig. 2b.
AHCC administration enhances antigen-speciﬁc CD4+
and CD8+ T cell proliferation
CD4+ and CD8+ T cells play a key role in the adaptive
anti-tumor immune response. To deﬁne the eﬀect of
AHCC on the proliferation of CD4+ and CD8+ T cells,
sex- and age-matched B6 mice were administered AHCC
or pure water for 2 weeks as above, followed by adoptive
transfer of 2·106 CFSE-labeled OT-II CD4+ or OT-I
CD8+ T cells (n=5 for AHCC or control group for each
T cell subset). On the following day, these mice were
administered with 200 lg OVA protein intravenously,
and splenocytes were analyzed by ﬂow cytometry 3 days
post-injection. After gating on CFSE-positive CD4+ or
CD8+ T cells, the number of cell divisions is expressed
as the dilution of CFSE ﬂuorescence. AHCC treatment
clearly enhanced both CD4+ and CD8+ T cell proliferation over that of water, with the highest peak of cells
in seventh cell division compared to ﬁfth division for
CD4+ T cells, respectively, and the highest peak of cells
in eighth division versus seventh division for CD8+ T
cells, respectively (Fig. 3). More importantly, a signiﬁcantly greater proportion of cells appear on the far right
of histogram for the control group as compared to those
from AHCC-treated mice (Fig. 3), indicating that fewer
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Fig. 1 AHCC enhances tumor surveillance. a AHCC treatment
delays B16F0 melanoma tumor formation. Sex- and age-matched
B6 mice were administered orally either with 12 mg AHCC or
equivalent volume of water (control) daily for 14 days (n=20 for
each group), followed by subcutaneous inoculation of B16F0
melanoma tumor cells (1·105/mouse) on day 7 after the initiation
of AHCC or water treatment. Tumor growth was recorded daily.
Tumor size >4·4 mm was considered positive. Data represents
three independent experiments. *P<0.01. b AHCC treatment
inhibits tumor growth. The mean tumor size from AHCC and pure
water-treated mice at day 20 is shown in this ﬁgure. *P<0.01. c
AHCC treatment delays EL4 tumor development. B6 mice were

administered orally with AHCC or water (n=15 for each group) as
above for a total of 14 days, followed by subcutaneous inoculation
with EL4 tumor cells at day 7 of initial AHCC treatment (1.5·106
cells/mouse). Tumor growth was observed and recorded daily.
Data represents three independent experiments. *P<0.01. d AHCC
treatment signiﬁcantly reduces intraperitoneal tumor formation. B6
mice were treated with AHCC or water followed by EL-4 tumor
cell inoculation intraperitoneally (n=20 for each group) as
described above, and tumor growth was monitored. A representative example of tumor formation is provided. Arrows point to
intraperitoneal tumor

T cells have divided in the control group. These results
indicated that AHCC has an important impact on the
proliferative response of both CD4+ and CD8+ T cells.

hind footpad with B16 tumor lysate in CFA. Eight days
post-immunization, lymphocytes from the draining
lymph nodes were isolated, cultured with 200 lg/ml tumor lysate for 24 h, with brefeldin A added during the
last 3 h of culture. These cells were then ﬁxed and permeabilized with 0.5% saponin for intracellular cytokine
staining. The percentage of IFN-c producing CD8+ T
cells from AHCC-treated mice (mean ± SD) was signiﬁcantly higher than that of pure water-treated mice
(4.25±1.3 and 2.28±1.09, respectively) (P<0.05,
Fig. 4a). An example of FACS analysis is provided in
Fig. 4b. In the same cultures, the percentage of IFN-cproducing CD4+ T cells from AHCC-treated mice was

AHCC promotes IFN-c production in CD8+ T cells
IFN-c has been shown previously to be a critical cytokine in tumor immunosurveillance [21]. To deﬁne the
eﬀect of AHCC on tumor antigen-speciﬁc IFN-c production, AHCC (or water) was administered to sex- and
age-matched B6 mice (n=5 for each group) as mentioned above for 2 weeks, and then immunized in the
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Fig. 2 AHCC enhances CD4+ and CD8+ T cell activation. Sexand age-matched B6 mice were administered orally with 12 mg
AHCC or equivalent volume of water daily for 14 days (n=5 for
each group), and on day 7, received an intraperitoneal inoculation
with EG7 tumor cells (1·106 cells/mouse). Ten days post-
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Fig. 3 AHCC enhances both
CD4+ and CD8+ T cell
proliferation. Sex- and agematched B6 mice were
administered orally with 12 mg
AHCC or equivalent volume of
water daily (n=5 for each
group) for 10 days, followed by
intravenous injection of CFSElabeled OT-II CD4+ or OT-I
CD8+ T cells (2·106 cells/
mouse). Then mice were
challenged with intravenous
injection of OVA (200 lg/
mouse) on the following day.
Three days later, CFSE-positive
cells from splenocytes were
analyzed by FACS. One
representative example is
shown. Arrows point to cell
division number with the
highest peak

inoculation, splenoctyes were stained with antibodies against
diﬀerent surface molecules and analyzed by FACS. The percentage
of activated CD4+ and CD8+ T cells (mean ± SD) is shown (a)
**P<0.05. An example of the FACS proﬁle for CD4+ and CD8+
T cells is given (b)
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also higher than those from water-treated mice, although it did not reach the signiﬁcance (data not
shown). AHCC treatment did not enhance the percentage of IFN-c-producing CD8+ T cells in responding to

control tumor lysate (diﬀerent tumor cell line, data not
shown). Our results demonstrate that AHCC not only
enhances T cell activation and proliferation, but also
increases their capacity to produce IFN-c.
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the addition of brefeldin A to the culture for the remaining 3 h.
Cells were then ﬁxed with 2% formaldehyde and permeabilized
with 0.5% saponin for intracellular IFN-c staining. The percentage
of IFN-c producing cells (mean ± SD) from CD8+ T cells is
shown (a). **P<0.05. An example of intracellular cytokine
staining upon gating on CD8+ T cells is shown (b)

AHCC increases the percentage of antigen-speciﬁc
CD8+ T cells

analysis for CD3 and NK1.1 as well as ab/cd T cell
staining is provided (Fig. 6, right panel). Splenocytes
from AHCC- or water-treated mice were cultured with
anti-CD3 and anti-CD28 in the presence of brefeldin A
for 6 h, and the production of IFN-c by cd T cells was
analyzed by intracellular cytokine staining after gating
TCR cd-positive cells. The percentage of IFN-c producing cd T cells from these two groups of mice did not
reach signiﬁcant diﬀerence (data not shown). NKT cells
(CD3+NK1.1+) were also higher in AHCC-treated
mice compared to controls, although it did not reach
signiﬁcance. These results indicate that AHCC could
enhance the anti-tumor immune response through

An eﬃcient anti-tumor immune response requires that
enough number of CD8+ T cells be activated and
quickly expanded. To test whether AHCC could increase the number of antigen-speciﬁc CD8+ T cells, we
adapted a tumor cell line EG7, which could express fulllength of OVA protein. AHCC- or water-treated mice
were challenged with EG7 (1·106 cells/mouse) intraperitoneally and 10 days later, percentage of OVA-speciﬁc CD8+ T cells were determined by H2Kb bound
with OVA SIIFEKL peptide tetramer. The percentage
of tetramer positive CD8+ T cells in AHCC-treated
mice were signiﬁcantly higher than that in water-treated
control mice (Fig. 5). This result indicated that AHCC
could increase the number of antigen-speciﬁc CD8+ T
cells in tumor-bearing mice.
AHCC increases the number of both NK and cd T cells
Both NK cells and cd T cells play a critical role in tumor
immune surveillance. To test the eﬀect of AHCC on
these cell types, sex- and age-matched B6 mice were
treated with AHCC or water (n=5 for each group) as
above for 2 weeks, and the number of NK and cd T cells
in the spleen was analyzed by ﬂow cytometry. Treatment
with AHCC signiﬁcantly increased the number of splenic NK cells and cd T cells, with the percentage
(mean ± SD) of NK1.1+ cells in AHCC-treated mice
vs control being 3.98±0.90 and 2.58±0.97, respectively,
and the percentage of CD3+cd+ cells for AHCC vs
control being 2.57±0.79 and 1.45±0.69, respectively
(Fig. 6, left panel, P<0.05). An example of FACS

% of SIIFEKL-H2Kb+ CD8+ T cells

Fig. 4 AHCC enhances tumor antigen-speciﬁc CD8+ T cell IFN-c
production. Sex- and age-matched B6 mice were administered
orally with 12 mg AHCC or equivalent volume of water daily (n=5
for each group) for 14 days, followed by immunization with 200 lg
of B16 F10 tumor lysate emulsiﬁed in CFA. After 7 days,
lymphocytes recovered from draining lymph nodes of immunized
mice were cultured with 200 lg/ml of tumor lysate for 24 h, with
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Fig. 5 AHCC treatment increases the percentage of antigenspeciﬁc CD8+ T cells. Sex- and age-matched B6 mice were
administered orally with 12 mg AHCC or equivalent volume of
water daily (n=4 for each group) for 14 days, followed by
inoculation with EG7 tumor cells intraperitoneally. Ten days postinoculation, splenocytes were used for analysis of tetramer positive
cells. The percentage of SIIFEKL-H2Kb+ CD8+ T cells
(mean ± SD) is shown. **P<0.05
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Fig. 6 AHCC treatment increases the number of NK and cd T
cells. Sex- and age-matched B6 mice were administered orally with
12 mg AHCC or equivalent volume of water daily (n=5 for each
group) for 14 days, followed by inoculation with EL-4 tumor cells

intraperitoneally. Ten days post-inoculation, splenocytes were used
for analysis of NK, NKT, ab, and cd T cells. The percentage of NK
and cd T cells (mean ± SD) is shown (a). **P<0.05. An example
of the FACS analysis is given (b)

modulating not only the adaptive immune response, but
also innate immunity.

EL-4 lymphoma cell line (Fig. 1c). Even more impressively, upon intraperitoneal injection of EL-4 tumor
cells, four out of 20 AHCC-treated mice (4/20) were
tumor free, whereas all mice in control group developed
large tumors and died within 2 weeks; examples are
shown in Fig. 1d. Our results ﬁrmly establish a protective role of AHCC against tumor formation.
Both lymphocytes and IFN-c have been shown to be
essential components of tumor immune surveillance [21,
24, 25]. Diﬀerent subsets of lymphocytes contribute to
anti-tumor immune responses at diﬀerent stages. Both
CD4+ and CD8+ T cells are critical elements for the
adaptive anti-tumor immune response. CD4+ T cells,
especially Th1 cells, produce IFN-c and facilitate both
innate and adaptive immune responses. These cells also
provide help for CD8+ T cells to develop memory response, whereas CD8+ T cells provide both cytokines
(IFN-c and TNF-a) and direct cytotoxicity. To deﬁne
the molecular mechanisms by which AHCC could
mediate anti-tumor immune response, we sought to
determine whether AHCC modulates the adaptive immune response. We demonstrate that AHCC treatment
enhances activation and proliferation of both CD4+ and
CD8+ T cells (Figs. 2, 3). Moreover, administration of

Discussion
AHCC is a nutritional food and supplement ingredient
that has been widely sold in Japan and Asia for the past
15 years, and increasingly in the US and Europe. Consumers often use AHCC as a complementary therapy for
cancer treatment, and in some cases, as an alternative to
conventional cancer treatment [22, 23]. Although it has
been suggested to have potential anti-cancer and immune modulating function, there are no well-controlled
systemic studies to deﬁne the eﬀect of AHCC in tumor
immunity. In this study, we demonstrate that AHCC
enhances tumor immune surveillance against both melanoma and lymphoma by regulating both innate and the
adaptive immune responses.
We ﬁrst demonstrated that oral administration of
AHCC prior to tumor inoculation signiﬁcantly delayed
melanoma formation and reduced tumor size (Fig. 1a,
b). The anti-tumor eﬀect of AHCC is not limited to
melanoma, since similar results were obtained using
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AHCC signiﬁcantly increases the frequency of tumor
antigen-speciﬁc CD8+ T cells, and their ability to produce IFN-c (Fig. 4). Finally, AHCC treatment can make
antigen-speciﬁc CD8+ T cells to expand more actively.
The increased CD8+ T cell number partially contributes
to the tumor resistance of AHCC-treated mice. However, it is unclear how AHCC enhances the function of
these T cells. It is possible that the mixture of polysaccharides in AHCC may activate the innate immune response through undeﬁned signaling pathways, such as
toll-like receptors and the down-stream NF-jB pathway, which in turn helps to regulate the adaptive immune response. Consistently, it has been reported that
AHCC enhances IL-12 production from macrophages
[10] and increases nitric oxide production [12]. Further
studies are needed to clarify the underlying mechanisms
that mediate the eﬀect of AHCC on the adaptive immune response.
A potential target of AHCC modulation within the
innate immune system may be cd T cells. These cells are
a unique subset of T cells. They recognize protein or
peptide independent of antigen presentation and function as innate-like cells [26]. Our earlier studies have
demonstrated that cd T cells predominantly produce
IFN-c upon activation [18, 27] and play a critical role in
tumor immune surveillance by providing an early source
of IFN-c [14]. Interestingly, AHCC treatment signiﬁcantly increases the number of cd T cells compared to
those of water-treated mice (Fig. 5). Since AHCC was
given orally, it is possible that the eﬀective components
in AHCC might directly encounter cd T cells lining the
epithelial layer of the intestine resulting in their activation. In addition to cd T cells, it has been well established
that NK cells play an essential role in tumor immune
surveillance. A previous study has reported that AHCC
increases the number of NK cells in aged mice [28].
Interestingly, we found that treatment with AHCC also
signiﬁcantly increases the number of NK cells upon tumor inoculation. Although the changes of NKT cells did
not reach signiﬁcance, the trend is clear that AHCC also
increases the number of NKT cells. These results indicate that AHCC has multiple eﬀects on the immune
system.
Given the enhancing eﬀects of AHCC for several
immune parameters (CD4+, CD8+ and cd T cells),
which were shown previously to be important for tumor
immune surveillance, it is likely that AHCC mediates its
potentiating eﬀects for tumor surveillance, at least in
part, by enhancing these particular parameters. Future
studies using diﬀerent T cell subset deﬁcient mice will
help to clarify these issues.
In summary, we have presented clear evidence that as
a nutritional food, AHCC enhances tumor immune
surveillance by regulating both the innate and the
adaptive immune responses. Future studies are needed
to further deﬁne the molecular mechanisms mediating
the eﬀect of AHCC, and to deﬁne the eﬀect of AHCC in
eradicating the formed tumors.
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