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A B S T R A C T

Active hexose correlated compound (AHCC) is a natural compound with the potential to be used as an
immunoenhancer in cases in which the immune system is compromised. The purpose of this study was to
evaluate the effects of this compound on the immune function of healthy adults aged 50 years or more. The
production of interferon (IFN)–� and tumor necrosis factor (TNF)–� by CD4� and CD8� T cells was measured
by flow cytometry in peripheral blood obtained from subjects at different time points after AHCC intake. The
frequency of CD4� and CD8� T cells producing IFN-� alone, TNF-� alone, or both increased during AHCC
intake compared with baseline values. Furthermore, the frequency of such cells remained high even 30 days
after discontinuing AHCC. Overall, these findings suggest that AHCC enhances CD4� and CD8� T cell immune
responses in healthy elderly persons taking at least 30 days to obtain such effect, which remained up to 30
days after discontinuing treatment with this compound.

� 2010 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.

d
t
m
A
p
a
a
p
a
T
T
c
i
m

2

2

y
c
3
t
v
c

. Introduction

Increased numbers of substances have been used to revitalize
he immune response of hosts with impaired function of the im-
une system [1,2]. Many immune enhancers are natural com-
ounds that have proved to be nontoxic for humans andwith great
otential for anticancer activity [3–6]. Active hexose correlated
ompound (AHCC), an extract prepared from mycelia of the basid-
omycete mushroom Lentinula edodes, has received special atten-
ion in the past few years by its reported benefits [1,7]. AHCC is
ommercially used as a nutritional supplement and contains a
ixture of polysaccharides, amino acids, andminerals. In addition,
HCC is orally bioavailable, well tolerated by human beings, and
ree of adverse effects [1,8]. Chemical analysis has shown that
bout 74% of AHCC is oligosaccharides containing about 20% of the
-1, 4-glucan type. The partially acetylated forms of �-1,4-glucan
ave low molecular weight (5 kDa), and are believed to be the
olecules responsible for the biologic activities of AHCC [2,9,10].
AHCC has been shown to have an enhancing effect on immune

unction of humans [2,11] and rodents [9,12–14] including an in-
rease of natural killer (NK) cell activity [15], interleukin-12 pro-
uction [16,17] and resistance to bacterial infection [7,18]. Of in-
erest, it has been found that the effects of AHCC are more evident
n hosts with the impaired immune function [18]. In fact, we have
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emonstrated that AHCC can enhance interferon (IFN)–� produc-
ion by CD8� T cells, and the numbers of NK and �� T cells in a
urine tumormodel [19]. However, it is largely unknownwhether
HCC could enhance IFN-� and tumor necrosis factor (TNF) –�

roduction by CD4�andCD8�T cells in human, in particular, elderly
dults with increased risk of infection and malignancy. Thus, we
ddressed this question by measuring the frequency of IFN-�–
roducing and/or TNF-�–producing CD4 � and CD8� T cells in
dults aged 50 years ormore before, during, and after AHCC intake.
he results of our study showed increased production of IFN-� and
NF-� by CD4� and CD8� T cells during and after AHCC intake
ompared with baselines, suggesting the potential role for AHCC in
mproving host defense against infections and malignancy in hu-
ans by enhancing T cell immune function.

. Subjects and methods

.1. Study design

This was an open-label trial in which subjects older than 50
ears were treated with AHCC for 60 days. Peripheral blood was
ollected at baseline, at 30 and 60 days during AHCC treatment, and
0 days after treatment had been discontinued. Subjects were in-
erviewed and explained the aims of the study at the screening
isit. After signing the consent form, the inclusion and exclusion
riteria for the subjects were confirmed. Subjects had a screening

aboratory evaluation (complete blood count, liver function tests,

and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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lood urea nitrogen, creatinine, glucose, electrolytes), a brief phys-
cal examination, 12-lead electrocardiogram, and vital signs, and30
ubjects were finally enrolled in the trial.

.2. Subjects

Inclusion criteria were age of 50 years or more, normal mental
tatus, no supplements exceptmultivitamins in the last 60 days, no
mmunization in the last 4 months. Exclusion criteria were use of
orticosteroids, methotrexate, interferon, or other immunother-
py, use of any other supplements except multivitamins within 60
ays before enrollment, rheumatoid arthritis, systemic lupus ery-
hematosis, multiple sclerosis, or other immunologic illness, hepa-
itis A, B, or C, organ transplant, history of cancer chemotherapy
ithin the last 12 months, lymphoma, cirrhosis, nephritis, uncom-
ensated heart failure, or any significant active or uncontrolled
llness. Subjects were assigned a number from a master sheet con-
aining 30 identifier numbers. The number was added to the three
nitials of the subject to compose the study ID.
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D4 or CD8. Stained cells were analyzed on a FACSCalibur. Visits 1, 2, 3, and 4 indicate be
.3. Flow cytometry

Heparinized peripheral blood was aliquoted in 15 ml conical
olypropylene tubes (Becton Dickinson Labware, Franklin Lakes,
J) at 1 ml per tube as previously described [20]. Peripheral blood
as stimulated for 6 hours with phytohemaglutinin (PHA 20 �g/
l; Sigma-Aldrich, St. Louis, MO) or phosphate-buffered saline

PBS) in the presence of the co-stimulatory anti-CD28 and anti-
D49dmonoclonal antibodies (1�g/ml, BDPharmingen, SanDiego,
A). Culture tubes were incubated in a humidified 37�C, 5% CO2

ncubator with the last 4 hours of incubation in the presence of
refeldin A (BFA) (10 �g/ml, Sigma-Aldrich), a secretion inhibitor,
o enhance the accumulation of cytokines in the cytoplasm. At 6
ours, 100 �l of 20 mmol/l EDTA for a final concentration of 2
mol/l EDTA were added. Red blood cells in blood samples were

hen lysed, and remaining cells were fixed with FACS Lysing Solu-
ion (Becton Dickinson, San Jose, CA) and stored at �80�C until
urther staining. After thawing cells were re-suspended in BD FACS
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ibodies to CD8-APC, CD4-cychorome, and IFN-�- or TNF-�-FITC.
ata were acquired on a FACSCAlibur system and analyzed using
lowJo software (Tree Star, Ashland, OR). The frequency of CD4� or
D8� T cells producing cytokines in the negative control stimulated
ith PBS was subtracted from the frequency of the same cell pop-
lation in a sample stimulated with PHA. These values obtained
fter subtracting the negative control were used for the statistical
nalyses.

.4. AHCC administration

AHCCwas provided as 500-mg capsules. Total daily dosewas 3 g
3 capsules twice daily). The subjects completed a drug compliance
ard indicating the ingestion of each dose. Subjects who had taken
ess than 80% of the prescribed dose (missingmore than 12 individ-
al doses in 30 days) would be dropped from the primary analysis.

.5. Study documentation

Subjectswere identified in theCaseReport Formby the subject’s
nitials and the subject study number. The clinical study protocol
nd consent formwere reviewed and approved by the Institutional
eview Board, in compliance with the requirements of 21 CFR 56.
linical study complied alsowith US Good Clinical Practice, Title 21
f the US Code of Federal Regulations, the International Conference
n Harmonization, the Declaration of Helsinki, and with all appli-
able laws and regulations of the locale and country where the
tudy was conducted.

.6. Informed consent and authorization

The objectives of the research, the nature, possible hazards and
dverse reactions of the product were explained by a member of
he research team during the screening interview both, verbally as
ell as written on the informed consent form. Subjects were given
mple opportunity to inquire about the details of the study, and to
ead and understand the consent form before signing it. Where
pplicable, the initial informed consent document was accompa-
ied by a signed and dated Health Insurance Portabilit and Ac-
ountability Act (HIPAA) authorization document as required by
he institution and/or research facility. All information regarding
his study, including but not limited to this protocol were kept
trictly confidential.

.7. Statistical analysis

Based on previous experience, we estimated that 30 treated
ubjects would provide more than 80% power at the two-tailed
lpha level of 0.05 to detect any significant differences in immuno-
ogic activity between baseline and end of treatment.The mean
requency of cytokine-producing CD4� or CD8� T cells was com-
ared by the Mann–Whitney U test.

. Results and discussion

The production of IFN-� and TNF-� by CD4� and CD8� T cells
as measured in healthy elderly persons at baseline, at 30 and 60
ays of AHCC intake (visits 1, 2, and 3, respectively), and at 30 days
fter the last dose of AHCC (visit 4). Peripheral blood cells were
btained from the subjects and stimulated with PHA or PBS. The
requency of CD4� and CD8� T cell subsets, including cells produc-
ng IFN-� alone, TNF-� alone and both IFN-� and TNF-� was deter-
ined using flow cytometry. As shown in Figs. 1 and 2, the fre-
uency of the CD4� T cell subsets producing the cytokines was
igher at visits 2 and 3 than at visit 1. In addition, the frequency of
D4� T cells producing IFN-� alone and TNF-� alone was higher at
isit 2 than at visit 1. At 30 days after AHCCwas discontinued (visit
), the frequency of CD4� T cells producing IFN-� alone, TNF-�
lone, and a combination of IFN-� and TNF-� decreased uniformly,

uggesting the role for AHCC in enhancing CD4� T cell responses k
uring the intake of the compound. Of interest, the frequency of
D4� T cells producing the combination of IFN-� and TNF-� at visit
was still higher compared with the frequency of the same cells at
he baseline (visit 1). This implies that the effect of AHCC on CD4� T
ells could last for several weeks even after this compound is
iscontinued.
In analyzing CD8� T cell responses, the frequency of CD8� T cells

roducing IFN-� alone increased at visits 2 and 3 as well as at 30
ays after discontinuing AHCC (visit 4) comparedwith the baseline
lthough these differences were not statistically significant except
t visit 4. The frequency of CD8� T cells producing TNF-� alone was
igher at visits 3 and 4 than at visit 1. The frequency of CD8� T cells
roducing a combination of IFN-� and TNF-� was not different
uring the first 3 visits. However, it was significantly higher at visit
compared with the baseline. Of interest, the frequency of CD8� T
ells producing IFN-� alone, TNF-� alone and both cytokines at 30
ays after discontinuing AHCC (visit 4) was higher than that of the
aseline. This finding suggests that the effect of AHCC on CD8� T
ells could remain even after discontinuing the compound.
Although several studies have shown the potential beneficial

ffects of AHCC on the immune system of human beings [2,11] and
odents [9,12–14], very little is known about the mechanisms in-
olved in the enhancement of the immune system by AHCC. Previ-
us studies in rodents have suggested that AHCC appears to benefit
he most hosts with impaired function of the immune system
14,18]. The objective of this study was to investigate the effects of
HCC on the function of the immune system in healthy adults aged
0 or more who may have increased risk of infections and malig-
ancy. Our results supported the hypothesis that oral administra-
ion of AHCCwould enhance the function of the immune system in
uman healthy adults. Our results are also consistent with other
tudies showing the role of AHCC on the function of the immune
ystem. It has been shown that AHCC increases NK cell activity [15],
L-12 [16,17], and regulates nitric oxide production [21].

In conclusion, our results suggest that AHCC can enhance CD4�

nd CD8� T cell immune responses in healthy persons via increas-
ng production of cytokines IFN-� and TNF-� from T cells. Effects
ere seen after 30 days, and remained up to 30 days after discon-
inuing the compound. AHCC may improve immune response
gainst pathogens through this mechanism. In summary, our re-
ults suggest that AHCC can enhance CD4� and CD8� T cell immune
esponses in healthy people via increasing production of the cyto-

ig. 2. Changes in the frequency of CD4� and CD8� T cells producing cytokines
efore and after active hexose correlated compound (AHCC). As described in Fig. 1,
he frequency of CD4� and CD8� T cells producing IFN-�, TNF-� or both cytokines
as determined before and after AHCC intake. Visits 1, 2, 3, and 4 indicate before
HCC, 30 and 60 days on AHCC, and 30 days after discontinuing AHCC, respectively.
ines IFN-� and TNF-� from T cells. Further studies are required to
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