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Introduction

Space travelers have been exposed to numerous psychological and 
physical stressors. Physical stressors include microgravity, radia-
tion, malnutrition, and microbial contamination and atmospheric 
pollutants due to recycled air and water [1, 2]. Microgravity is one 
of  the most detrimental stressors for space travelers and aggra-
vates bone structure and composition, immune function and the 
psychoneuroendocrine system and induces muscle atrophy.

Spaceflight causes various changes in the immune system, includ-
ing decreases in T cell proliferation, cell-mediated activity, natural 
killer (NK) cell activity, macrophage function and responses of  
bone marrow cells to colony stimulating factors and alteration 
in cytokine production [1-3]. However, because of  the limited 
sample number, different mission durations and different experi-
mental conditions, spaceflight-induced immune changes have not 
been fully elucidated and ground-based studies have also been 
required.

Hind-limb unloading (HLU) of  rodents is widely used as a 
ground-based model for modeling some effects of  microgravity 
[4]. Some of  the physiological changes induced by HLU paral-
lel those induced by spaceflight [5]. These physiological changes 
include change in bone structure and composition, muscle atro-
phy, fluid shift to the head, and changes in the immune system. 
Studies on changes in the immune system of  rodents subjected to 
HLU have revealed decreased T cell proliferation, decreased cell-
mediated activity, decreased ability to kill phagocytosed bacteria, 
decreased responses of  bone marrow cells to colony stimulating 
factors, and altered cytokine production [3, 6-8]. Immune dysfunc-
tion results in a state of  vulnerability to infection and increased 
cancer risk [9]. Microgravity-induced immune dysfunction results 
in increased risks and susceptibility to infection and cancer. In 
rodents subjected to HLU, decreased resistance to infection [9-
11] and increased tumor growth [12] have been reported. Since 
the immune system closely functions with nervous, endocrine and 
other systems, immune dysfunction may cause many problems 
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systemically for humans. There are no known countermeasures 
for immune dysfunction in microgravity environment to prevent 
infectious complications. Besides, the efficacy of  antibiotics is 
known to be reduced and microbial mutation rates are dramati-
cally increased in microgravity [13]. Furthermore, antibiotics may 
have adverse effects. The possibility of  improvement in immune 
dysfunction by nutritional supplementation is an issue of  interest 
because there should be no adverse effects and a nutritional coun-
termeasure is cost-effective compared to other therapies [14, 15]. 
The levels of  some nutrients that are synthesized in animals and 
humans are insufficient under stress conditions, including micro-
gravity. Kulkarni et al and Yamauchi et al have examined the ef-
fect of  nucleotide supplementation in rodents subjected to HLU 
and have reported beneficial effects on immune function [8, 16]. 
However, there is scanty-to-nil literature for immunonutritional 
countermeasure and the effect of  non-inherent nutritional sub-
strate supplementation has not been studied well.

We examined the effect of  a novel nutritional substrate active hex-
ose correlated compound (AHCC) on immune function in mi-
crogravity analog. AHCC is a compound obtained from enzyme-
fermented extract of  the mycelia of  Basidiomycetes mushrooms.  
Chemical analysis has revealed that AHCC consists of  oligosac-
charides, amino acids, lipids, and minerals [17].  The main compo-
nents of  AHCC are oligosaccharides (~74% of  AHCC), and ap-
proximately 20% of  AHCC are partially acetylated α-1,4-glucans 
with a mean molecular weight of  5 kDa. These oligosaccharides 
including α-1,4-glucans are believed to be the active components 
of  AHCC [18, 19].

AHCC has beneficial immunomodulating effects in both innate 
and acquired immunity in animals and humans. Enhanced NK 
activity [19] and modulation of  inflammatory and T helper (Th) 
1/Th2 cytokine production [7, 18] and antibody production [10] 
have been reported. These effects result in a good clinical out-
come. Increased resistance to infection [10, 19, 20], anti-tumor 
effects [21], anti-inflammatory effect in colitis [22], and improve-
ment of  quality of  life in cancer patients [23] have been report-
ed without adverse effects. These findings suggest that AHCC 
supplementation may have a beneficial effect on microgravity-
induced immune dysfunction. It has been reported that AHCC 
improves resistance to infection [10] and modulates inflammatory 
cytokine production [7] in HLU. It is also reported that in vitro 
Th1 cytokine production in splenocytes from AHCC-fed HLU 
mice was increased [7]. However, the effect of  AHCC supple-
mentation on microgravity-induced immune dysfunction, espe-
cially in vivo T cell dysfunction, has not been fully elucidated. In 
this study, we examined the effect of  AHCC supplementation on 
microgravity-induced immune dysfunction and found that AHCC 
supplementation has a beneficial role in maintenance of  the im-
mune system, especially in vivo T cell function.

Materials and Methods

Animals

The Animal Care and Facilities Use Committee at The University 
of  Texas approved the animal protocol. The experiments were 
performed in adherence to the National Institutes of  Health 
Guidelines on the Use of  Laboratory Animals.  Seven - to eight 
week-old female BALB/c mice and C57BL/6 mice were obtained 
from Harlan Sprague Dawley, Inc. (Indianapolis, IN). Mice were 
maintained under a 12-h light:dark cycle at 25 ± 2°C and 50 to 

70% relative humidity. The mice were allowed to adapt to our 
laboratory environment for 1 week before the start of  the experi-
ment, during which time they were provided with a commercial 
rodent diet and water ad libitum.

Administration of  AHCC

After the period of  acclimatization, the BALB/c mice were ran-
domized into 2 main groups, non-HLU and HLU groups. The 
mice from each group were further randomized into 4 subgroups 
receiving drinking water containing 0, 0.1, 1, and 10 g AHCC 
(provided by Amino Up Chemical Co, Ltd., Sapporo, Japan)/kg 
body weight/day. AHCC in powder form was weighed and dis-
solved in water at concentrations of  0, 0.4, 4 and 40 mg/ml for 
0, 0.1, 1 and 10 g/kg body weight, respectively.  These concentra-
tions are based on the fact that mice usually drink 5 ml of  water 
daily. All mice were fed the experimental drink and a commercial 
rodent diet ad libitum for the 7-days period of  the experiment.

HLU procedure

In the HLU group, the animals were subjected to HLU and 
housed in separate cages to simulate the isolation environment 
of  microgravity [8, 16, 24]. Briefly, the tail of  each mouse was 
cleaned with 70% isopropyl alcohol and air-dried. A piece of  
moleskin was cut to a size of  0.5 in x 2 in and used for tail sus-
pension. The tip of  a large paper clip was inserted through the 
moleskin strip. The moleskin was then wrapped around the tail 
in a coil-like manner at about one-third of  the length from the 
base. To secure the moleskin in place, two small drops of  nail glue 
adhesive were applied to both ends of  the strip. The other end of  
the paper clip was unfolded and hooked onto a swivel-pulley sys-
tem. The swivel pulley glides along a stainless steel rod that runs 
the length of  the cage. The swivel provided the mouse with a full 
360° range of  movement. The angle of  suspension was adjusted 
to about 20-25°, resulting in approximately 30% of  weight resting 
on the forelimbs and allowing the mouse ample access to food 
and experimental drink. Mice were weighed before suspension 
and during experimental periods.

Popliteal lymph node (PLN) assay (in vivo proliferation)

The PLN assay is based on the method described by Yamauchi et 
al. [8]. After the period of  acclimatization, 10 BALB/c (H2d) and 
10 C57BL/6 (H2b) mice were sacrificed by cervical dislocation.  
Spleens were removed aseptically and pooled in each group. To 
prepare single cell suspensions from the donor spleens (syngeneic 
BALB/c and allogeneic C57BL/6), the spleens were squeezed 
with two frost-sided glass slides in RPMI-1640 medium (Sigma, 
St. Louis, MO) containing 100 U/ml penicillin and 100 μg/ml 
streptomycin (Invitrogen Corporation, Grand Island, NY) and 
filtered through 50-mesh stainless steel screens. To remove red 
blood cells, the cells were treated with 0.83% ammonium chloride 
in 0.01 M Tris-HCl buffer (pH 7.5) (Sigma) at 37°C for 10 min. 
Then the cells were washed twice with RPMI-1640 medium and 
resuspended in RPMI-1640 medium. Cell concentration was ad-
justed to 2 x 108 cells/ml and then the cell suspension was irradi-
ated (3000 R). The host BALB/c mice were injected into the hind 
footpad with 50 µl of  1 × 107 irradiated splenocytes from alloge-
neic C57BL/6 mice. The contralateral footpad was injected with 
50 µl of  1 × 107 irradiated splenocytes from syngeneic BALB/c 
mice. After the inoculation, HLU treatment was started. On the 
seventh day of  inoculation, the animals were sacrificed, and the 
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PLNs were removed and weighed. The PLN immunoproliferative 
response to allogeneic challenge was calculated as the ratio of  the 
allogeneic and syngeneic challenged PLN weights and reported as 
the stimulation index (SI).

Splenocyte proliferation assay (in vitro proliferation)

After 7 days of  AHCC feeding and HLU, the mice (different 
mice from PLN assay) were sacrificed. Their spleens were re-
moved and weighed. Single-cell suspensions from spleens were 
prepared as described earlier. The splenocytes were resuspended 
in complete RPMI (RPMI-1640 medium supplemented with 10% 
heat-inactivated fetal bovine serum, 10 mM HEPES, 2 mM glu-
tamine, 100 U/ml penicillin, and 100 μg/ml streptomycin (Invit-
rogen Corporation)). Cell concentration was adjusted to 2 x 106 
cells/ml. Two × 105 splenocytes were stimulated with 2.5 µg/ml 
concanavalin A (Con A) (Biomeda Corp., Foster City, CA), in a 
96-well flat-bottom plate in triplicate at 37°C in a humidified 5% 
CO2 incubator for 48 h. Cells cultured without mitogens served 
as unstimulated controls. For the last 16-18 h of  culture, 1 μCi of  
[3H] thymidine deoxyribose (TdR) (GE Healthcare Bio-Sciences 
Corp., Piscataway, NJ) was added to the wells. Cultures were then 
harvested onto fiber-glass filters by using a PHD cell harvester 
(Cambridge Technology, Inc., Cambridge, MA). The filter disks 
were then transferred to 7 ml plastic disposable scintillation vials, 
and then 5 ml of  liquid scintillation cocktail (MP Biomedicals, 
Solon, OH) was added. The amount of  [3H ] TdR incorporated 
was measured in a Beckman LS-1800 liquid scintillation counter.

Splenocyte cytokine production

Splenocytes (1 × 106 cells/ml) in complete RPMI-1640 were cul-
tured in a 24-well flat-bottom plate at 37°C in a humidified 5% 
CO2 incubator for 48 h with 5 µg/ml LPS. At the end of  the in-
cubation period, supernatants were collected and stored at 40°C 
until used. The cytokine production was quantified in duplicate 
with a Bio-Plex Suspension Array System (Bio-Rad Laboratories, 
Inc., Hercules, CA) according to the manufacturer's instructions.

Statistical analysis

Data were analyzed using two-way analysis of  variance (ANO-
VA).  Since there was no significant interaction between HLU and 
AHCC in all assays, one-way ANOVA was carried out within non-
HLU and HLU, respectively followed by the scheffe post hoc test 

for multiple comparisons. Statistical differences between control 
and HLU groups were analyzed using the unpaired Student’s t-
test. StatView software program (version 5.0; SAS Institute Inc., 
Cary, NC) was used. Data are expressed as means ± SEM. Differ-
ences were considered significant at p <0.05.

Results

AHCC supplementation increases body weight and spleen weight 
in the non- HLU group. However, we didn’t see the same effect 
in the HLU group with or without AHCC. Spleen weight, as an 
indicator of  improved immune response, was higher with AHCC 
supplementation in both non-HLU and HLU groups (p < 0.05). 
After 7 days of  HLU and AHCC supplementation, the increases 
in body weight and spleen weight were significantly smaller in 
mice in the HLU group than in mice in the non-HLU group (p   
< 0.001, p < 0.05, respectively) (Table I). AHCC dose of  1mg/kg 
seemed optimal in both on-HLU and HLU groups.

Effect of  HLU and AHCC supplementation on in vivo host 
immune response

After 7 days of  treatment, the PLN proliferative response to al-
logeneic challenge was examined to assess T cell function and 
immune response in vivo. The PLN proliferative response was sig-
nificantly decreased in the HLU group compared to that in the 
non-HLU group (p < 0.05). Supplementation with AHCC at dos-
es of  1 and 10 g/kg/day significantly increased the PLN weight 
gain as immune response in the HLU group (p = 0.001 and p < 
0.05, respectively) (Figure 1).

Effect of  HLU and AHCC supplementation on in vitro T 
cell function

After 7 days of  HLU and AHCC supplementation, we examined 
the in vitro splenocyte proliferative responses. T cell function 
was assessed by stimulation with mitogen Con A (concanavalin 
A) mitogen. There were no significant differences between the 
proliferative responses to Con A of  splenocytes from mice in the 
non-HLU group and HLU group (Figure 2B). AHCC supplemen-
tation enhanced this response in a dose-dependent manner in the 
non-HLU group and was significant at 10 g/kg/day (p < 0.01).  
AHCC supplementation tended to increase this response in HLU 
group with 1g/kg/day dose showing higher response but shy of  
significance.

Table 1. Body and spleen weights vs AHCC dose in control non-HLU and HLU group mice (means ± SEM).

Treatement Group Body Weight (g) Spleen Weight (mg) 
Initial Final Weight Gain

non-HLU 16.9 ± 0.2 17.0 ± 0.3 0.1 ± 0.1 90.2 ± 4.7
non-HLU + AHCC 0.1 g/kg/day 16.7 ± 0.2 17.1 ± 0.2 0.4 ± 0.1 92.4 ± 6.6
non-HLU + AHCC 1 g/kg/day 16.5 ± 0.1 17.3 ± 0.2 0.8 ± 0.1* 107.2 ± 4.6
non-HLU + AHCC 10 g/kg/day 16.8 ± 0.2 17.4 ± 0.3 0.6 ± 0.2 96.8 ± 3.6

HLU 16.8 ± 0.3 14.7 ± 0.5†† -2.1 ± 0.4††† 68.3 ± 4.3†

HLU + AHCC 0.1 g/kg/day 16.7 ± 0.3 15.3 ± 0.4 -1.4 ± 0.4 75.0 ± 4.3
HLU + AHCC 1 g/kg/day 16.7 ± 0.2 15.2 ± 0.3 -1.5 ± 0.2 78.8 ± 7.7
HLU + AHCC 10 g/kg/day 16.6 ± 0.5 15.6 ± 0.7 -1.0 ± 0.3 76.5 ± 2.5

*p<0.05, †p<0.05, ††p<0.005, †††p<0.005, vs non-HLU
(n=3 to 5) Results are from one representative experiment out of  two performed.
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Effect of  HLU and AHCC supplementation on cytokine 
and chemokine production

We further examined in vitro cytokine and chemokine production 
from splenocytes. After stimulation of  splenocytes with LPS (li-
popolysaccharide), inflammatory cytokine and chemokine pro-
duction was determined. The levels of  IL-6, and IL-12 were sig-
nificantly higher in the HLU group than in the non-HLU group 
(p <0.01 and p <0.05, respectively) (Figure 3C, D). The levels of  
IL-1α and IL-1β were higher in the HLU group than in the non-
HLU group. Furthermore, the IL-1α level in mice in the AHCC-
fed HLU group was significantly higher than that in mice in the 
HLU group (p < 0.05) (Figure 3A, B). The IL-6 and IL-12 levels 
in the AHCC-fed HLU group tended to be higher than those in 
the HLU group.

Similar results were obtained for chemokine production. The 
levels of  macrophage inflammatory protein (MIP)-1α, MIP-1β, 
granulocyte colony-stimulating factor (GCSF), and KC (murine 
homologue of  IL-8) were significantly higher in the HLU group 
than in the non-HLU group (p < 0.001, p < 0.001, p < 0.005 and p   
< 0.01, respectively) (Figure 3E-H). The MIP-1α, MIP-1β, GCSF, 
and KC levels in mice in the AHCC-fed HLU group were higher 
than those in mice in the HLU group alone, but the differences 
were not significant.

Under normal physiological conditions with intact normal host 
immune response the inflammatory cytokine/chemokines should 
decrease. However, in HLU state physiological conditions, which 
exhibits similar physiological responses of  space microgravity 
(which exhibits environmental effects) it is innate immune func-
tion is at risk so in this particular HLU analog presence of  inflam-
matory mediators would be beneficial to protect subjects. Innate 
immune function comprises several mechanisms of  humoral and 
phagocytic cell mediated responses and is first line of  immune 
defense mechanism so in order to protect host. 

Discussion

In this study, we examined the effect of  AHCC supplementation 
on microgravity-induced T cell dysfunction and found that AHCC 
supplementation has enhanced in vivo T cell function and tended to 
enhance in vitro T cell function. Our cytokine/chemokine study re-
sults showed that microgravity enhances inflammatory responses 
and AHCC tends to enhance those responses furthermore. There 

is definitely a need for countermeasures that will maintain normal 
immune system during spaceflight, especially when missions are 
prolonged. Since T cells play an important role in acquired im-
munity, a countermeasure for T cell dysfunction is imperative. A 
beneficial effect of  AHCC on T cells has been reported [7, 21, 
25]. We examined PLN response to allogeneic antigen as an in 
vivo immune response. PLN response is an in vivo cell-mediated 
immune response of  hosts that involves all phases of  immune 
response, e.g., antigen processing and presentation, followed by 
proliferative phase of  immune response. PLN response was sig-
nificantly decreased in mice in the HLU group compared to that 
in mice in the control group, and AHCC supplementation signifi-
cantly reversed this response (Figure 1). These results suggest that 
AHCC reverses HLU-induced T cell dysfunction in PLNs.  In vitro 
T cell function was assessed by stimulation with Con A (Figure 
2B). There was no significant difference between proliferative re-
sponses to Con A in the control and HLU groups. Studies using 
HLU of  rodents have shown that HLU produces organ and cell 
specific changes in the immune system rather than a generalized 
immunosuppression [6, 26]. Nash et al. reported that there were 
differences in lymphocyte response in HLU rats between periph-
eral blood lymphocytes (PBL), lymph nodes (LN) lymphocytes, 
and splenocytes. In HLU rats there was a significant decrease in 
proliferation in PBL, but only slight decreases in responses were 
observed in LN and splenocytes [26]. AHCC supplementation, as 
shown in Figure 1, enhanced PLN response in the HLU group.  
Response to Con A in the non-HLU group was slightly increased 
by AHCC administration but shy of  significance. Our results sug-
gest that efficacy of  AHCC in T cell function in HLU model may 
differ among the tissues. In non-HLU, AHCC supplementation 
significantly enhanced splenocytes response to Con A (Figure 2).  
Aviles et al have shown that oral AHCC administration enhanced 
both Th1 and Th2 cytokine production from splenocytes in non-
HLU and the production of  Th1 cytokine was increased in HLU 
[7]. These finding suggests that AHCC does not completely re-
verse T cell function in HLU. Enhancement of  T cell function is 
not for a specific T cell population but for overall T cells. Gao et 
al. reported that enhanced T cell function by AHCC was shown 
in CD4+ T cells, CD8+ T cells and γδT cells in the spleen and in 
draining lymph nodes in mice with tumors [21]. It has also been 
reported that oral AHCC supplementation suppressed thymic 
apoptosis induced by dexamethasone in rats [25]. Beneficial ef-
fects of  AHCC for T cells may not be only in peripheral lym-
phoid tissue. The mechanism of  augmentation of  T cell function 
is unclear. However, it may not be a direct effect of  AHCC on T 
cells. We cultured splenocytes from naive mice with AHCC sup-

Figure 1. Stimulation Index for in vivo PLN proliferative response vs. AHCC dose in control and HLU mice (means ± 
SEM). *p <0.05, **p =0.001, †P <0.05 (n=3 to 5) Results are from one representative experiment out of  two performed. 
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plementation in vitro and examined proliferation and Th1/Th2 
cytokine production. Surprisingly, those responses were signifi-
cantly decreased (unpublished observations). These results raise 
two possibilities. One is that metabolic compounds of  AHCC 
may be related to increased immune function in vivo. The other 
is that AHCC may modulate some endocrine system related to 
T cell function. It has been reported that ferric nitrilotriacetate 
(FeNTA), which generates hydroxyl radicals, increased serum cor-
ticosterone level and that AHCC administration reduced a stress 
hormone modulating corticosterone level to the normal level 
[27]. We previously reported that serum level of  corticosterone 
in HLU mice was significantly higher than that in non-HLU mice 
and that T cell response and proliferation in HLU mice was sup-
pressed [8]. Therefore, elucidation of  the effect of  AHCC on the 
endocrine system will be important to understand the mechanism 
of  T cell enhancement by AHCC in HLU mice.

On the other hand, innate immunity plays an important role at an 
earlier stage of  infection. A substantial number of  astronauts have 
alterations in their physiologic and immunohematologic response 
that would put them at risk for diseases during space flights [2].  
Closed space and recycling of  air and water may increase the risk 
of  microbial load. Furthermore, humans usually carry opportun-
istic pathogens, latent bacteria and viruses, which may be reac-
tivated and cause serious diseases under immune-compromised 
conditions, including spaceflight. Neutrophils-, macrophages-, or 
monocytes-mediated innate immunity is the first step to exclude 
pathogens. To assess overall functions of  these types of  cells, we 
measured the levels of  LPS-stimulated cytokine and chemokine 
production from splenocytes. LPS-induced production of  inflam-
matory cytokine (IL-1α, IL-1β, IL-6 and IL-12) and chemokine 
(MIP-1α, MIP-1β, GCSF and KC) was increased in mice in the 
HLU group compared to that in mice in the control group (Figure 
3).  In response to the proinflammatory responses in endotox-
emia, host cells produce several anti-inflammatory cytokines, such 
as IL10 and IL-4, and inhibit the production of  inflammatory 
cytokines (a). IL-10 is produced by Th2 cells, B cells and mono-
cytes/macrophages. The concomitant increase in IL-10 in HLU 
may be in response to increased proinflammatory cytokines (Fig-
ure 3). Augmented innate immune responses including inflamma-
tory cytokine production, in an HLU group have been reported, 
and our finding is consistent with results of  previous studies [24, 
29, 30]. Increased innate immune responses have also been seen 
in actual spaceflights [31-33]. However, there have been studies 
showing decreased innate immune response caused by spaceflight 
[32, 33]. Therefore, the effects of  HLU and spaceflight on innate 

immune response are not clear. It is likely that innate immune 
response was temporarily increased by HLU in our study. In our 
study, AHCC supplementation in HLU mice tended to further 
enhance the inflammatory cytokine and chemokine production 
(Figure 3). Aviles et al have shown that AHCC supplementation in 
HLU mice also increased IL-6 and TNF-α levels in peritoneal cells 
compared to the levels in HLU mice under the condition of  stim-
ulation with LPS and K. pneumoniae [7]. Aviles et al. also showed 
that AHCC supplementation before and during HLU prevented 
bacterial infection [10]. Those studies suggest that AHCC has an 
inflammatory effect. Our results and those of  others suggest that 
enhancement of  inflammatory cytokine and chemokine produc-
tion by AHCC supplementation will be effective for preventing 
infection [7, 10]. To the best of  our knowledge, this is the first 
study to show the effect of  AHCC supplementation on inflam-
matory chemokine production.

The levels of  IL-6, and IL-12 were significantly higher in the HLU 
group than in the non-HLU group (p < 0.01 and p < 0.05, respec-
tively) (Figure 3C, D). The IL-6 and IL-12 levels in the AHCC-fed 
HLU group tended to be higher than those in the HLU group. 
Increased IL-12 (T cell stimulating factor) in the AHCC fed HLU 
mice indicates increased differentiation of  naive T cells into Th1 
cells. It also activates TNF-α and IFN-γ production by NK and 
T cells. Enhanced functional response can be demonstrated by 
IFN-γ production and killing of  target cells [35]. Interleukin 6 
(IL-6) is encoded by the IL-6 gene. IL-6 is secreted by T cells and 
macrophages to stimulate immune responses, e.g. during infection 
and after trauma, especially burns or other tissue damage leading 
to inflammation. IL-6 also plays a role in fighting infection, as 
IL-6 has been shown in mice to be required for resistance against 
bacterium Streptococcus pneumonia.

The levels of  IL-1α and IL-1β were higher in the HLU group than 
in the non-HLU group. Furthermore, the IL-1α level in mice in 
the AHCC-fed HLU group was significantly higher than that in 
mice in the HLU group (p <0.05) (Figure 3A, B). These results 
show that at the end of  7 day HLU and 7 day HLU + AHCC, IL-
1α is significantly higher in the latter. IL-1α is a regulator of  the 
immune response and can activate the TNF-α pathway. AHCC 
appears to enhance this response in HLU.  Since IL-12 is also 
enhanced it appears that AHCC might act as an enhanced stimu-
lator of  the TNF-α pathway and increase adaptive immunity. This 
hypothesis needs to be elucidated in future experiments. The IL-
1β (inflammatory response mediator) levels should have been ex-
pected to lower in AHCC treated HLU mice since it is a COX 

Figure 2. [3H]TdR-incorporation (counts/1 min) for in vitro splenocyte proliferative response vs. AHCC dose in control and 
HLU mice (means ± SEM). *p <0.01

There were no significant differences between the proliferative responses of  splenocytes under non-stimulation among the 
8 groups. means ± SEM for 8 groups = 3048 ± 248.

(n=3 to 5) Results are from one representative experiment out of  two performed. 
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2 stimulator induces more inflammation (might not be suitable 
for long periods of  time). However since these experiments were 
conducted with one week of  HLU, perhaps the time window of  
cytokine synthesis is only adequate for observing an increased 
adaptive response. Also since this protein plays more of  a role by 
induction of  Cox-2 in the brain, the increase seen here may not 
be unusual.

The beneficial effect of  AHCC supplementation found in this 
study is consistent and corroborative with results of  previous 
studies using an HLU model [6, 10]. This is the first study to show 
that AHCC enhances T cell function in vivo in an HLU model. The 
mechanism of  the immuno-enhancing effects of  AHCC needs to 
be elucidated.

In summary, the results of  this study suggest that AHCC sup-
plementation enhances T cell immune function in microgravity 
and has a beneficial role in maintenance of  the immune system.
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