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BACKGROUND/OBJECTIVES: A variety of immunomodulators can improve the efficacy of low-dose chemotherapeutics. Active 
hexose correlated compound (AHCC), a mushroom mycelia extract, has been shown to be a strong immunomodulator. Whether 
AHCC could enhance the antitumor effect of low-dose 5-fluorouracil (5-FU) via regulation of host immunity is unknown. 
MATERIALS/METHODS: In the current study Hepatoma 22 (H22) tumor-bearing mice were treated with PBS, 5-FU (10 mg·kg-1·d-1, 
i.p), or AHCC (360 mg·kg-1·d-1, i.g) plus 5-FU, respectively, for 5 d. CD3+, CD4+, CD8+, and NK in peripheral blood were detected 
by flow cytometry. ALT, AST, BUN, and Cr levels were measured by biochemical assay. IL-2 and TNFα in serum were measured 
using the RIA kit and apoptosis of tumor was detected by TUNEL staining. Bax, Bcl-2, and TS protein levels were measured 
by immunohistochemical staining and mRNA level was evaluated by RT-PCR.
RESULTS: Diet consumption and body weight showed that AHCC had no apparent toxicity. AHCC could reverse liver injury 
and myelosuppression induced by 5-FU (P < 0.05). Compared to mice treated with 5-FU, mice treated with AHCC plus 5-FU 
had higher thymus index, percentages of CD3+, CD4+, and NK cells (P < 0.01), and ratio of CD4+/CD8+ (P < 0.01) in peripheral 
blood. Radioimmunoassay showed that mice treated with AHCC plus 5-FU had the highest serum levels of IL-2 and TNFα 
compared with the vehicle group and 5-FU group. More importantly, the combination of AHCC and 5-FU produced a more 
potent antitumor effect (P < 0.05) and caused more severe apoptosis in tumor tissue (P < 0.05) compared with the 5-FU group. 
In addition, the combination of AHCC and 5-FU further up-regulated the expression of Bcl-2 associated X protein (Bax) (P
< 0.01), while it down-regulated the expression of B cell lymphoma 2 (Bcl-2) (P < 0.01).

CONCLUSIONS: These results support the claim that AHCC might be beneficial for cancer patients receiving chemotherapy.
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INTRODUCTION4)

AHCC is a cultured mycelium extract obtained from Lentinus 
edodes of Basidiomycete mushrooms fermented in rice bran [1]. 

AHCC was developed by Professor Toshihiko Okamoto, Department 
of Pharmacology, Tokyo University. Chemical analysis showed 
that AHCC is composed mainly of low molecular weight 
oligosaccharides (~5000 MW), of which 20%-30% are α-1,4 
hexose linked. The mycelia of basidiomycetes (mushroom root 
threads) are cultured for a period of 45-60 days and then 
subjected to enzymatic reaction, sterilization, concentration, 
and freeze drying sequentially. AHCC is available as a freeze- 
dried powder, and has been widely used in Japan as a dietary 
supplement for over 20 years and is currently used in China 

and the U.S. 
The immunological effects of AHCC are well documented. For 

example, murine thymic apoptosis induced by dexamethasone 
could be prevented by pretreatment with AHCC [2]. Adminis-
tration of AHCC resulted in increased cell proliferation and 
cytokine production in spleen and increased nitric oxide and 
cytokine production in peritoneal cells of mice in a hindlimb- 
unloading model of spaceflight conditions [3]. In addition, AHCC 
could stimulate proliferation of NK cells and killer T-cells, and 
production of IL-12 and TNFα [4,5]

In accordance with its immunomodulatory function, the 
beneficial effects of AHCC supplementation on survival and the 
immune response to a variety of infectious agents have been 
demonstrated in animals [6-8]. In humans, AHCC has been 
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reported to improve the prognosis of patients with postope-
rative hepatocellular carcinoma [9]. The potential of AHCC to 
act as a biological response modifier has been reported by 
Cowawintaweewat et al. [10].

5-FU is one of the oldest and still most used chemothera-
peutics for malignancies arising from breast, gastrointestinal 
tract, head and neck regions of the body [11]. In recent decades 
a variety of dosages of 5-FU has been used in clinical trials in 
treatment of several gastrointestinal tumors and its toxicity 
(mainly neutropenia, diarrhea, mucositis, hand-foot syndrome, 
and myelosuppression) increases with higher systemic exposure 
to 5-FU [12-14]. A previous study showed that low-dose 5-FU 
treatment could reduce immune suppression in patients with 
recurrent or metastatic colorectal cancer, as indicated by 
increased CD4/CD8 and Th1/2 ratios and decreased CD4+CD25+ 
T cells [15]. In addition, low-dose leucovorin plus 5-FU chemo-
therapy was safe and effective for elderly patients with metas-
tatic colorectal cancer [16].

Immunotherapy is regarded as the fourth cancer therapy after 
the three major cancer therapies, i.e., surgery, chemotherapy, 
and radiotherapy. Immunotherapy may improve the efficacy of 
chemotherapeutics so that chemotherapeutics can achieve the 
same efficiency at a lower dose and with fewer side effects [17]. 
In the current study we evaluated the question of whether 
AHCC could enhance the antitumor effect of low-dose 5-FU via 
regulation of host immunity. 

MATERIALS AND METHODS

Reagents
AHCC capsules were acquired from Amino Up Chemical Co. 

Ltd (Sapporo, Hokkaido, Japan). Capsules were dissolved in PBS 
at a concentration of 100 g/L as a stock solution and stored 
at -20°C. 5-fluorouracil (25 g/L) was purchased from Shanghai 
Amino Acids Company (Shanghai, China) and diluted to 10 g/L 
with saline solution. PerCP-conjugated hamster anti-mouse CD3e 
(Armenian Hamster IgG1 κ isotype control), FITC-conjugated rat 
anti-mouse CD4 (Rat (LEW) IgG2b κ isotype control), PE- 
conjugated rat anti-mouse CD8a (Rat (LOU) IgG2a, κ and PE- 
conjugated rat anti-mouse CD49b (Rat (LEW) IgM κ isotype 
control) were purchased from BD Biosciences (San Jose, CA). 
Tumor TACS In situ Apoptosis kit was purchased from Roche 
Bioscience (Palo Alto, CA) and the RIA kit was purchased from 
the Institute of Radioimmunity, General Hospital of the People’s 
Liberation Army of China (Beijing, China). Reverse Transcription 
System and GoTaq PCR Core System I were from Promega 
(Madison, WI). Mouse monoclonal anti-Bax and anti-bcl-2 were 
purchased from MaixinBio (Fuzhou, China), rabbit polyclonal 
anti-thymidylate synthase (TS) was purchased from LifeSpan 
Biotechnology, Inc. (Nagoya, Japan).

Mice and cell lines
Male Institute of Cancer Research (ICR) mice with body weight 

from 18 g to 22 g were purchased from the School of Basic 
Medical Science, Peking University, China. The animals were 
maintained in a pathogen-free facility (23°C ± 2°C, 55% ± 5% 
humidity). Food and water were provided ad libitum. All 
procedures on treating mice were performed according to 

Animal Care Guidelines issued by the Ministry of Science and 
Technology of the People's Republic of China and the Animal 
Care Committee of Fujian University of Traditional Chinese 
Medicine approved our protocols (2014012). The murine H22 
cell line was acquired from the School of Basic Medical Science, 
Peking University. Cells were cultured in DMEM (Gibco Labora-
tories, Grand Island, NY) supplemented with 10% FBS (Gibco 
Laboratories), penicillin and streptomycin (10 U/L, Gibco 
Laboratories) in a humidified atmosphere with 5% CO2 at 37°C.

Tumor xenograft
The hepatoma model was established by subcutaneous 

inoculation of mouse H22 cells (1×106 cells per mouse) into the 
right flank of mice. Forty-eight hours after inoculation, mice 
were randomly divided into three groups (n = 8): control (PBS, 
ig), 5-FU (10 mg·kg-1·d-1, ip), and 5-FU+AHCC (5-FU 10 mg·kg-1·
d-1, ip + AHCC 360 mg·kg-1·d-1, ig). On day 5 the peripheral 
blood was collected from the orbital plexus and tumors were 
excised. Tumor volume was calculated according to the 
following formula: Tumor Volume (TV mm3) = d2×D/2, where d 
and D were the shortest and longest diameter, respectively. 

Food intake and body weight
Each cage of mice was provided with food daily, and the 

remaining food was collected on the following day and weighed 
in order to calculate daily food intake. Body weight was 
collected at baseline and after 5 d of treatment 

Blood count and biochemical assay
A capillary pipette containing anticoagulant (EDTA for cell 

counting, heparin for flow cytometry) was inserted into the 
lateral canthus and blood was collected from the retroorbital 
sinus. Other blood samples were collected into a procoagulant 
tube and separated serum was frozen in a new tube. WBC in 
whole blood (20 μL) was measured using an Automatic Blood 
Cell Counter (Abbott Laboratories, Abbott Park, Illinois). Alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), blood 
urea nitrogen (BUN), and creatinine (Cr) levels were measured 
using an Auto Biochemical Analyzer (Beckman Coulter, Inc. Brea, 
CA) with Sigma Diagnostic Kits (St. Louis, MO).

Thymus index
The thymus was resected from the mice, washed with PBS, 

weighed on d 5, and the thymus index (TI) was calculated 
according to the following formula, TI = (thymus weight mg/ 
body weight g) ×100. 

Assay for percentage of immune cells
Blood (100 μL) was added to a heparin coated tube and 

incubated with fluorochrome-conjugated antibodies (2.5 μL) in 
the dark for 10 minutes. The antibodies used varied slightly 
with individual cases, but most often included a combination 
of CD3/CD4, CD3/CD8, and CD3/CD49. Erythrocytes were lysed 
by 2 mL of red blood cell lysis buffer (0.155 mol/L ammonium 
chloride, 0.01 mol/L potassium bicarbonate, 0.1 mmol/L EDTA, 
and 1% paraformaldehyde in PBS) in the dark for 10 min. After 
washing with PBS three times, the samples were resuspended 
with 500 μL PBS and analyzed on a FACScaliburTM flow cytometer 
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(A)

(B)

Fig. 1. Enhanced inhibition of H22 tumors by active hexose correlated compound 
(AHCC) and low-dose 5-fluorouracil (5-FU) in H22 tumor bearing mice at d 5. 
The anti-tumor effect was evaluated by measuring tumor weight (A) and volume (B). Values 
are mean ± SD (n = 8). *,** Significantly different from the control group (P < 0.05, P < 0.01, 
respectively), # Significantly different from the 5-FU group (P < 0.05)

with CELLQuestTM software (BD Bioscience, San Jose, CA).

Assay for IL-2 and TNFα
Serum (100 μL) was measured for IL-2 and TNFα using the 

RIA kit according to the manufacturer’s instructions in a Gamma 
radioimmunoassay counter (Kaipu Electromechanical Co., Ltd., 
Xi'an, China). The levels of two cytokines were determined by 
the competitive binding of the cytokines in the sample using 
125I radio-labeled IL-2 and TNFα standards, respectively. The 
sensitivity of the assay was 0.3 ug/L.

Assay for tumor apoptosis
Sections of tumors from the mice treated as above were fixed 

with 4% paraformaldehyde for 48 h. The 5-μm-thick sections 
of tumor samples were analyzed by terminal deoxynucleotidyl 
transferase (TdT)-mediated dUTP nick end labeling (TUNEL) 
staining using a TumorTACS In situ Apoptosis kit (Roche 
Bioscience, Palo Alto, CA) for detection of fragmented DNA 
according to the manufacturer's instructions. Microscopic 
immunohistochemical photos were captured by an Olympus 
microscope (Olympus, Japan) and a moticam 5000 C camera 
from Motic Instruments (Richmond, BC Canada) and analyzed 
using Motic Med 6.0 software. Positive cells and total cells were 
counted at five arbitrarily selected microscopic fields at 100x 
magnification (each 7 050 μm2 in size). A dark brown nucleus 
represented the positive apoptotic cells of the tumor by TUNEL 
staining and the apoptosis index (AI) was calculated according 
to the following formula: AI = number of positive cells/ total 
number of cells.

Immunohistochemical staining for Bax, Bcl-2, and TS
Tumor samples fixed in 10% buffered formalin for 24 h were 

processed conventionally for paraffin-embedded tumor sections. 
Sections were subjected to antigen retrieval and blocking of 
endogenous peroxidase activity. For immunostaining, sections 
were incubated with the primary antibodies mouse monoclonal 
anti-Bax (1:100; Maixin Bio, China), mouse monoclonal anti-Bcl-2 
(1:150; Maixin Bio, China), and rabbit polyclonal anti-TS (1:150; 
LifeSpan Biotechnology, Inc.). Sections were then incubated 
with an appropriate biotinylated secondary antibody followed 
by conjugated horseradish peroxidase-streptavidin (Maixin Bio, 
China). Then 3,3′-diaminobenzidine (DAB; Sigma) was added, 
followed by incubation at room temperature and counters-
taining with diluted Harris hematoxylin (Sigma). Cells were 
quantified by counting Bax-positive cells, Bcl-2-positive cells, 
TS-positive cells, and total number of cells at five arbitrarily 
selected fields from each tumor at 100 magnification. Data were 
presented as percentage of positive cells.

Semi-quantitative RT-PCR analysis
Total RNA was isolated using Trizol reagent from Invitrogen 

(Carlsbad, CA); 1 μg total RNA was reverse-transcribed into 
cDNA using the Reverse Transcription System of Promega 
(Madison, WI) under the following conditions: one cycle at 42°C 
for 15 min, one cycle at 95°C for 5 min, then incubation at 
0°C-5°C for 5 min. Products of cDNA were determined by PCR 
amplification using the GoTaq PCR Core System I of Promega 
(Madison, WI) in a total volume of 20 μL. The RT-PCR efficiency 

was controlled by using a 36B4 fragment as a housekeeping 
gene. PCR amplification for Bcl-2, Bax, TS, dihydropyrimidine 
dehydrogenase (DPD), and 36B4 was performed as follows: one 
cycle of denaturation at 95°C for 5 min, 35 cycles of dena-
turation at 95°C for 30 s, annealing at 57°C, 55°C, 53°C, or 55°C 
for 30 s, elongation at 72°C for 45 s, and one cycle of extension 
at 72°C for 10 min. Primers of each gene are shown in 
Supplemental Table 1. Samples were electrophoresed in 1.5% 
agarose gel containing goldview in Tris-acetate/EDTA buffer 
and PCR product images were analyzed using the Chemidoc 
system and Quantity one software (Bio-Rad, Hercules, CA). All 
cDNA samples were synthesized in parallel, and PCR reactions 
were run in triplicate. mRNA levels of each gene were 
normalized to 36B4 mRNA levels.

Statistical analyses
Statistical analysis was performed using SPSS 16.0. Data were 

shown as mean ± SD. A two-sided alpha level (type I error rate) 
of less than 0.05 was considered to indicate statistical 
significance. One way analysis of variance (ANOVA) was used 
for analysis of the data and Fisher's Protected Least Significant 
Difference (PLSD) was used as a post hoc test.

RESULTS

Antitumor effect
Compared with the control group, both tumor weight and 

tumor volume were reduced by 30% (Fig. 1, P < 0.05) in the 
5-FU group. Importantly, tumor weight was reduced by 50% 
in the 5-FU+AHCC group (P < 0.01 vs control, P < 0.05 vs 5-FU).
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Fig. 2. Effects of AHCC and low-dose 5-FU on body weight and food intake of 
H22 tumor bearing mice. The body weight (A) and the average daily food intake (B) 
were calculated at baseline and after 5 days’ treatment. Values are mean ± SD (n = 8).
** Significantly different from the control group (P < 0.01), ## Significantly different from the 
5-FU group (P < 0.01)

Group WBC lymphocyte (LY)

×109/L

Control 4.2 ± 0.8 3.1 ± 0.2

5-FU 2.9 ± 0.3** 2.2 ± 0.4**

5-FU+AHCC 3.2 ± 0.5*# 2.3 ± 0.4**

1) Data are presented as mean ± SD (n = 8).
*,** Significantly different from the control group (P < 0.05, P < 0.01, respectively)
# Significantly different from the 5-FU (P < 0.05) group

Table 1. Cell counts from the whole blood of H22 tumor bearing mice at d 51).

Group ALT AST BUN Cr

U/L μmol/L

Control 115 ± 5.1 338 ± 20.3 6.4 ± 0.7 28.7 ± 2.

5-FU 143 ± 4.5* 771 ± 19.4** 5.7 ± 0.7 26.3 ± 2.3

5-FU+AHCC 115 ± 19.9# 564 ± 33.9*# 5.7 ± 0.9 24.5 ± 4.2

1) Data are presented as mean ± SD (n = 8).
*,** Significantly different from the control group (P < 0.05)
# Significantly different from the 5-FU group (P < 0.05)

Table 2. Serum levels of ALT, AST, BUN and CRE of H22 tumor bearing mice 
at d 51).

(A)

(B)

Fig. 3. Effects of AHCC and low-dose 5-FU on TI of H22 tumor bearing ICR mice 
at d 5. Values are mean ± SD (n = 8). ** Significantly different from the control group (P
< 0.01), ## Significantly different from the 5-FU group (P < 0.01) 

Group CD3+ CD4+ CD8+ NK CD4+/CD8+

%

Control 32.2 ± 1.8 21.9 ± 1.6 8.7 ± 0.4 6.7 ± 3.6 2.5 ± 0.2

5-FU 37.3 ± 3.0* 27.7 ± 2.7* 9.6 ± 0.7* 5.0 ± 0.8 2.8 ± 0.6

5-FU+AHCC 50.5 ± 1.3**## 39.2 ± 1.3**## 10.3 ± 0.7* 10.7 ± 0.5**## 3.9 ± 0.3**##

1) Data are presented as mean ± SD (n = 8).
*,** Significantly different from the control gtoup (P < 0.05, P < 0.01, respectively)
## Significantly different from the 5-FU group (P < 0.01) 

Table 3. Percentages of CD3+, CD4+, CD8+ and NK and the ratios of CD4+/CD8+

in peripheral blood of H22 tumor bearing and at d 51).

Food intake and body weight
The body weight per mouse ranged from 25 g to 27.5 g after 

5 d. Mice in the 5-FU group had the lowest body weight (25.6 
g per mouse), but the difference was not significant (Fig. 2A). 
Similar baseline food intake and average diet consumption was 
also observed among the three groups (Fig. 2B).

Blood cell count
Significantly lower WBC and LY numbers were observed in 

the 5-FU group at 5 d (Table 1, P < 0.01). AHCC supplementation 
could almost reverse the effects of 5-FU on WBC numbers (P
< 0.05).

Liver and kidney function
5-FU induced deterioration of liver functions in tumor bearing 

mice (Table 2, ALT, P < 0.05, AST, P < 0.01). Decreased levels of 
ALT and AST were observed after administration of AHCC (P
< 0.05). Similar levels of BUN and Cr were observed among the 

three groups.

TI
TI was similar between the control group and the 5-FU group, 

and it was significantly higher in the 5-FU+AHCC group than 
in the control group and the 5-FU group (Fig. 3, P < 0.01).

LY cells in peripheral blood
The lowest percentages of CD3+ and CD4+

 cells were observed 
in the control group. Administration of 5-FU alone could 
increase the percentages of CD3+, CD4+, and CD8+ cells (Table 3, 
P < 0.05). After treatment of tumor bearing mice with AHCC, 
the percentages of CD3+ and CD4+ subpopulations were 
remarkably increased (P < 0.01). The ratio of CD4

+/CD8
+ was also 

higher in the 5-FU+AHCC group than in the 5-FU group (P <
0.01). In addition, the highest percentages of NK cells were 

observed in mice in the 5-FU+AHCC group (P < 0.01).

IL-2 and TNFα production
The lowest serum level of IL-2 was observed in the 5-FU 

group. The serum level of IL-2 was significantly higher in the 
5-FU+AHCC group than in the control and 5-FU groups (Fig. 
4A, P < 0.01), and the highest TNFα level was observed in mice 
in the 5-FU+AHCC group (Fig. 4B, P < 0.01).
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(A)

(B)

Fig. 4. Effects of AHCC and low-dose 5-FU on cytokine production of H22 tumor 
bearing ICR mice at d 5. The serum levels of IL-2 (A) and TNFα (B) were determined 
by RIA. Values are mean ± SD (n = 8). *,** Significantly different from the control group (P
< 0.05, P < 0.01, respectively), ## Significantly different from the 5-FU group (P < 0.01)

(A)
(B)

(C) (D)

Fig. 5. Effects of AHCC and low-dose 5-FU on apoptosis of tumor cells. AI is shown as percent of TUNEL-positive cells (A). Values are mean ± SD (n = 8). *,** Significantly different 
from the control group (P < 0.05, P < 0.01, respectively), # Significantly different from the 5-FU group (P < 0.05) Representative photos of immunohistochemical staining of TUNEL for the 
control group (B), the 5-FU group (C), and the 5-FU+AHCC group (D) are shown. Positive cells are marked by arrows. The magnification of microscope was 100.

(A)

(B)

Fig. 6. Effects of AHCC and low-dose 5-FU on the expression of Bax protein 
(A) and Bax, Bcl-2 gene (B). Values are mean ± SD (n = 8). ** Significantly different from 
the control group (P < 0.01), ## Significantly different from the 5-FU group (P < 0.01). mRNA 
levels of each gene were normalized to 36B4 mRNA levels and are expressed as relative 
to the control and a value of 1 was assigned to the control group.

Apoptosis of tumor tissue
AI was significantly higher in the 5-FU group compared to 

the control group (P < 0.05), and was further increased by 
addition of AHCC to 5-Fu (Fig. 5A, P < 0.01 vs control group, 
P < 0.05 vs 5-FU group). Representative photographs are shown 
in Fig. 5B-D.

Expression of apoptosis-related proteins
Qualitative microscopic assessment showed that the percen-

tages of Bax-positive cells in tumors from the 5-FU and 5-FU+ 

AHCC groups were two fold (P < 0.01) and four fold (P < 0.01) 
higher than that of the control group, respectively (Fig. 6A). 
Although the expression of Bcl-2 mRNA was not affected by 
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low-dose 5-FU alone, it was significantly down-regulated in the 
5-FU+AHCC group (40% of the control and 5-FU groups, P <
0.01). In addition, the expression of Bax was greater in the 5-FU 

than in the control group, which was further increased in the 
5-FU+AHCC group (P < 0.01) (Fig. 6B). RT-PCR showed similar 
expression of both TS and DPD mRNA among the three groups, 
indicating that AHCC has no effect on either the anabolism or 
metabolism of 5-FU (data not shown).

DISCUSSION

Curative treatments such as surgery, local destruction techni-
ques, and liver transplantation for hepatocellular cancer (HCC) 
can only be achieved in certain patients [18]. Chemotherapy 
will be required for most patients. Although chemotherapy has 
been shown to improve the survival of patients with HCC, 
serious side-effects and drug resistance have been obstacles to 
more successful therapeutic outcome for oncologists [19-21]. 
The challenge of seeking new therapeutic approaches that can 
alleviate the adverse effects of chemotherapy while also 
improving their efficiency is clear and urgent.

Immunotherapy with chemotherapeutics can achieve the 
same efficiency at a lower dose and with fewer side effects. 
Recently, the combination therapy of intraarterial 5-FU with 
immune stimulants (IFN-α, CpG-containing oligodeoxynucleotide, 
IFN-γ, et al.) showed an outstanding response rate for intrac-
table HCC [22,23]. Preclinical and clinical studies have shown 
that the mechanisms of combination therapy may include direct 
antitumor effects (through cell-cycle arrest and induction of 
apoptosis) and indirect actions (through immunocompetent 
cells and antiangiogenic effect) [24-26]. Monden et al. [27] 
showed that 5-FU arterial infusion combined with IFN -α exerted 
antitumor effects in hepatocellular carcinoma patients. 

AHCC, a strong immunity modulator, has been used in combi-
nation with phenethyl isothiocyanate, Lupron, Camptosar, 
5-luorouracil, and cisplatin with improved prognosis and liver 
function [28]. In the current study we showed that combination 
of AHCC and low dose 5-FU was more effective in inhibiting 
the growth of H22 hepatocellular cancer in a murine model.

Administration of low dose 5-FU for five days did not affect 
the body weight, food intake, and kidney function of tumor 
bearing mice, albeit liver function and hematopoiesis were 
slightly affected. Addition of AHCC to 5-FU resulted in allevia-
tion of liver dysfunction and myelosuppression. These beneficial 
effects of AHCC on reducing adverse events caused by 5-FU 
are consistent with previous reports by others [29-31]. These 
results also indicated that AHCC is safe when administered at 
an effective dose [32]. Indeed, in a 90-day study with Sprague- 
Dawley rats, the no-observed-adverse-effect level of AHCC was 
considered to be as high as 3000 mg/kg body weight/day [33].

In addition, we also demonstrated that low-dose 5-FU could 
improve the immune function of tumor-bearing mice, which 
is in accordance with the study in cancer patients. Interestingly, 
AHCC plus low-dose 5-FU was more effective in regulating the 
immune system than 5-FU alone, as indicated by the higher 
percentages of T cells and NK cell populations, higher serum 
IL-2 and TNFα levels and TI in the AHCC plus low-dose 5-FU 
group. T cells and NK cells are the main cytotoxic lymphocytes 

responsible for anti-tumor immune responses [34]. IL-2, a T cell 
growth factor, promotes the proliferation, activation of T cells 
and B cells [35,36]. IL-2 can also stimulate NK cells and inflam-
matory cells, including monocytes/macrophages and neutrophils 
[37-39] and enhance the response of cytotoxic T lymphocytes 
against tumor cells [40]. TNFα is produced by many cell types, 
including activated macrophages, activated CD4 and CD8 T 
cells, NK cells, and other cells [41,42]. Previous reports have 
suggested that AHCC can increase the production of TNFα and 
IL-12. Our results showed that AHCC plus low-dose 5-FU could 
significantly increase CD4 T cells and NK cells, which may 
account for the increased production of IL-2 and TNFα. In 
healthy adults, AHCC intake reportedly increased the frequency 
of CD4 and CD8 T cells producing interferon-γ alone, TNFα 
alone, or both increased and the effects may persist for at least 
30 days after discontinuing AHCC [43]. Interestingly, Daddaoua 
reported that AHCC administration attenuated inflammation via 
downregulating the expression of proinflammatory cytokines 
and chemokines (IL-1ß, IL-1 receptor antagonist, TNF, and 
monocyte chemoattractant protein-1) [44]. These observations 
suggest that AHCC may have bidirectional effects on immune 
function.

The combination of AHCC and low-dose 5-FU was more 
potent than low-dose 5-FU alone in inhibiting tumor growth 
and inducing tumor apoptosis. The effect was not achieved by 
increasing either TS activity, a major target of 5-FU, or DPD 
activity, a rate-limiting enzyme in the degradation of 5-FU. 
Further we detected the AI and apoptosis related factors (Bcl-2 
and Bax) of tumor. Our results showed that AHCC enhanced 
the apoptosis of low dose 5-FU at least due to regulating the 
expression of Bax and Bcl-2. Hunter et al. reported that AHCC 
alone and in combination with pegylated liposomal doxorubicin 
not only increased expression of Bcl-2 and induced apoptosis 
but also decreased the side effects of pegylated liposomal 
doxorubicin.. Increased apoptosis may be due in part to 
enhanced function of T cell and NK cell number by AHCC with 
low dose 5-FU. Activated T cells and NK cells can interact with 
death receptors (CD95, tumor necrosis factor (TNF)-related 
apoptosis-inducing ligand receptor) on the surface of tumor 
cells and induce tumor cell apoptosis by forming a death- 
inducing signaling complex to trigger the cascade of caspase 
activation [45,46].

There are several limitations of these studies. Only 5-FU was 
used in treatment of the animals, while cisplatin, doxorubicin, 
vincristine, and 5-FU in different combinations are usually used 
in the clinical setting. Second, although we found that AHCC 
has no effect on expression of TS and DPD, in the degradation 
of 5-FU, we did not directly evaluate the pharmacokinetics of 
5-FU. Third, although we found that the combination of AHCC 
and 5-FU further increased the expression of the proapoptotic 
proteins Bax and downregulated the expression of antiapoptotic 
protein Bcl-2, the underlying mechanism was not explored. 
Finally, clinical studies are required in order to fully define the 
potential of AHCC as an effective component in a new chemo-
therapy regimen containing lower dose of chemotherapeutics, 
which will be of great importance for specific patient popula-
tions, including seniors and those with compromised immune 
function.
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