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ABSTRACT: 

Background: Active hexose correlated compound (AHCC) is the extract from cultured 

mycelia of Lentinula edodes, a species of Basidiomycetes mushroom. AHCC contains various 

polysaccharides, including partially acylated -1,4-glucan, which is one of its major 

constituents. The application of AHCC has been markedly increased in complementary and 

alternative medicine as a functional food because AHCC improved the prognosis of 

postoperative hepatocellular carcinoma patients. AHCC has anti-inflammatory and 

antioxidant effects, such as the suppression of nitric oxide production in hepatocytes. AHCC 

might affect resistance to environmental stress, which is assumed to play a pivotal role in the 

longevity of many organisms. 

 

Objective: To investigate the effect of AHCC on longevity, we measured the lifespan of the 

nematode Caenorhabditis elegans, a model animal that is widely used to assess longevity. 

We also examined the effect of AHCC on resistance to heat stress, i.e., thermotolerance. 
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Methods: The lifespan of C. elegans animals grown on media in the absence or presence of 

AHCC at 20°C was evaluated. Thermotolerance assays were performed at 35°C, the 

restrictive temperature of the animals. The effects of AHCC on lifespan and thermotolerance 

were analyzed with longevity mutants. Expression levels of stress-related genes, including 

heat shock genes, were measured by strand-specific reverse transcription-polymerase chain 

reaction after heat shock. 

 

Results: Wild-type C. elegans animals exhibited a longer mean lifespan by up to 10% in the 

presence of AHCC in the growth media than animals in the absence of AHCC. Furthermore, 

AHCC markedly increased thermotolerance at 35°C. Epistasis analyses showed that lifespan 

extension by AHCC at least partly required two longevity-promoting transcription factors: 

DAF-16 (C. elegans homolog of FOXO) and HSF-1 (C. elegans homolog of heat shock 

transcription factor 1). After heat shock, AHCC activated the transcription of the heat shock 

genes, which are the targets of HSF-1. Similarly, the expression of hsf-1 mRNA was elevated 

following AHCC treatment. Recently, natural antisense transcripts were shown to regulate 

mRNA stability at the posttranscriptional level. In nematodes, AHCC increased the natural 

antisense transcript of the hsf-1 gene. 

 

Conclusion: AHCC conferred lifespan extension and thermotolerance to C. elegans. Our 

analyses suggest that the beneficial effects of AHCC on longevity are involved in the 

activation of at least two transcription factors, DAF-16 and HSF-1, most likely through an 

antisense transcript-mediated mechanism. 

 

Keywords: longevity, heat stress resistance, HSF, FOXO, heat shock gene 

 

 

BACKGROUND: 

The functional food active hexose correlated compound (AHCC) is an extract prepared from 

long-term liquid culture of Lentinula edodes, a species of Basidiomycetes mushroom [1, 2]. 

AHCC exhibits anti-inflammatory and anti-oxidant effects [3–5] and suppresses the 

production of the inflammatory mediator nitric oxide (NO) in rat hepatocytes [6]. AHCC 

reduced not only inducible nitric oxide synthase (iNOS) mRNA but also an iNOS antisense 

transcript (asRNA) that is involved in iNOS mRNA stabilization [7, 8]. Furthermore, a 10-

year prospective cohort study indicated that AHCC improved the prognosis of postoperative 
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hepatocellular carcinoma patients [2, 9]. Thus, supplementation with AHCC has been 

increased in complementary and alternative medicine.  

 Carbohydrates, including polysaccharides and oligosaccharides, are the major 

components of AHCC, constituting approximately 74% of the total weight and consisting of 

polysaccharides, amino acids, lipids, and minerals [1]. The acylated -1,4-glucan is assumed 

to confer the biological activities of AHCC [10]. AHCC inhibits the induction of inducible 

nitric oxide synthase (iNOS) at the transcriptional level and decreases the iNOS mRNA level 

by reducing mRNA stability through its 3′ untranslated region [6]. A hydrophilic neutral 

fraction of AHCC, in which sugars were enriched, inhibited the upregulation of type I 

interleukin 1 receptor (IL1R1) through the inhibition of Akt phosphorylation [11].  

 Aging is hormonally regulated by various pathways that have been conserved during 

evolution, and the best understood pathway influencing lifespan is the insulin/insulin-like 

growth factor 1 (IGF-1) signaling pathway [12]. Mutations in the daf-2 gene, which encodes 

an insulin/IGF-1 receptor ortholog, increase the lifespan of the nematode Caenorhabditis 

elegans. Furthermore, studies in mice lacking the insulin receptor or IGF-1 receptor suggest 

that the ability of insulin/IGF-1 signaling to influence lifespan has been distributed to both 

insulin and IGF-1 receptors during evolution. The lifespan extension caused by daf-2 

mutations in C. elegans requires the activity of daf-16, which encodes the forkhead 

transcription factor O (FOXO) [12]. This transcription factor plays key roles in insulin/IGF-1 

signaling to modulate aging in many organisms.  

 Heat shock transcription factor 1 (HSF-1) delays aging and extends the lifespan of C. 

elegans [12]. In daf-2 mutants, HSF-1 promotes longevity by activating heat shock genes that 

encode small heat shock proteins, such as hsp-12.6 and hsp-16.49 [13], as well as the hsp70 

family protein F44E5.4 [13]. Similar to DAF-16, HSF-1 is essential for daf-2 mutations to 

extend lifespan. Another transcription factor, SKN-1, is also involved in the insulin/IGF-1 

signaling pathway and extracellular signal-regulated kinase (ERK)-mitogen-activated protein 

kinase (MAPK) pathway, both of which regulate longevity [14]. 

 C. elegans have been widely used as a model to assess longevity because this 

invertebrate animal has a much shorter lifespan (i.e., a few weeks) than mammalian species. 

In addition, tolerance against heat stress—i.e., thermotolerance—highly correlates with the 

lifespan of C. elegans because closely related molecular mechanisms are assumed to be 

involved in this species' ability to defend itself from heat stress and the damage caused by 

aging [15]. It is plausible that foods are the factors that influence longevity and 

thermotolerance. The functional food AHCC might affect resistance to environmental stress, 

which plays a pivotal role in the longevity of many organisms. To investigate the effect of 
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AHCC on longevity, we investigated the lifespan of C. elegans and examined the effect of 

AHCC on resistance to thermotolerance. 

 

MATERIALS AND METHODS: 

Materials: AHCC freeze-dried powder was generously provided by Amino Up Chemical 

Co., Ltd. (Sapporo, Hokkaido, Japan). Fermented liquid media of Lentinula edodes was 

processed by separation, concentration, sterilization, and freeze-drying to the end compound 

of AHCC under the QMS standards of ISO 9001:2008, and ISO 22000:2005, and Japan 

Health and Nutrition Food Association GMP Program for Dietary Supplements.  

 

Measurement of -glucan content: The -glucan content in each lot of AHCC powder was 

measured as glucose liberated by enzymatic digestion. AHCC powder (5 mg) was dissolved 

in 1 ml of 100 mM sodium acetate (pH 4.8) and preincubated at 50°C for 5 min. Next, 1 ml 

of amyloglucosidase (EC 3.2.1.3) from Aspergillus niger (70 units/ml; Sigma-Aldrich: Fluka, 

St. Louis, MI, USA) was added, and the reaction mixture was further incubated at 50°C for 

60 min. An aliquot (10 μl) of the reaction mixture was subjected to glucose measurement 

using Glucose C-II Test Wako Kits (Wako Pure Chemical Industries, Ltd., Osaka, Japan). 

Glucose at known concentrations was used as a standard to calculate the -glucan content. 

 

Measurement of NO production: AHCC powder was added with 1 nM IL-1 to the 

medium for primary cultured rat hepatocytes. After 8 h, the NO level (as nitrite) in the 

medium was measured using the Griess method as previously described [6]. 

 

Strains of C. elegans: All strains were maintained at 20°C on nematode growth medium and 

fed on kanamycin-killed Escherichia coli strain OP50 as previously described [16]. Bacteria 

were spread on top of the agar plates containing 50 g/ml kanamycin, and the animals were 

transferred onto the bacterial lawn. The strains used in this study were as follows: Bristol N2, 

a wild-type strain; GR1307daf-16(mgDf50), a daf-16(–) mutant, in which the daf-16 gene has 

been disrupted; and PS3551hsf-1(sy441), an hsf-1(–) mutant, in which hsf-1 has been 

disrupted [17, 18]. 

 

Egg count assay: The wild-type animals were synchronized and then grown on agar plates 

containing 2 mg/ml AHCC or on control plates in the absence of AHCC. The non-gravid 

animals were individually placed on separate agar plates in the presence or absence of AHCC 
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(Time 0). Animals were transferred to new plates, and the eggs laid on each plate were 

counted as the resulting brood size. 

 

Lifespan assay: The synchronized young adult animals grown on the plates containing 

AHCC were transferred to plates containing 25 μM 5-fluoro-2'-deoxyuridine (Wako Pure 

Chemical Industries, Ltd.), which inhibits DNA replication to prevent the growth of progeny 

(Day 0). Death was scored as the absence of any movement and failure to move at all after 

light punches as previously described [14]. 

 

Thermotolerance assay: The synchronized young adults were transferred from 20°C to 

35°C, the restrictive temperature of the nematodes. Death of each animal was assessed after 

the temperature shift.  

 

Reverse transcription-polymerase chain reaction (RT-PCR): Total RNA was isolated 

from the wild-type young adults and purified using TURBO DNA-free kits (Applied 

Biosystems, Austin, TX, USA). The cDNA was strand-specifically reverse transcribed at 

47°C using an oligo(dT) primer for mRNA as described previously [19]. To avoid the 

amplification of self-primed transcripts [20], the cDNA was reverse transcribed at 53°C using 

an hsf-1-specific sense primer for the hsf-1 asRNA. The primers used are shown in Table 1. 

Relative mRNA levels were measured by real-time PCR, and values were normalized by the 

levels of the internal control eft-4 (translation elongation factor 1 homolog) mRNA. 

 

Table 1.  Primers used in this study 

  

Transcript  RT/  cDNA 

to be detected Sequence (5′––>3′) PCR
1
 Direction (bp)

2
 

  

eft-4 mRNA GTGACCACTGAAGTCAAGTCCGT PCR Forward 293 

 CGACGATCGACCTTCTCCTTAAG PCR Reverse  

 

F44E5.4 mRNA TCAGAATGGAAAGGTTGAGATCC PCR Forward 292 

 CTCTTCTGGATTGAATTGCCTC PCR Reverse  

 

hsf-1 mRNA GTTGAATATGTACGGCTTCCGAA PCR Forward 293 

 TATCGCGATTTTCTTTTGTAAGCTT PCR Reverse  
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hsf-1 asRNA ATTGATTTTTTTTTTGAACG RT Forward  

 GCTCAAAATTCCTCTCTTTTCC PCR Forward 253 

 TATTCCGAAAAGTTTCGGGGGT PCR Reverse  

 

hsp-12.6 mRNA GAGTTGTCAATGTCCTCGACGA PCR Forward 188 

 CTTTGGAAGTTTGTAACAACGAG PCR Reverse  

 

hsp-16.49 mRNA CAATATTGGAGAGATTGTAAATGAC PCR Forward 317 

 GAGTTAGTCTTCTTTGGAGCCTC PCR Reverse  

  

1
An oligo(dT) primer used for reverse transcription (RT) to synthesize complementary DNA (cDNA) 

to mRNA. A sense primer used for RT to synthesize cDNA to the hsf-1 antisense transcript (asRNA). 

Primer pairs used for PCR. 
2
The size of the cDNA fragment amplified by each pair of PCR primers is 

shown in base pairs (bp). eft-4, translation elongation factor 4; hsf-1, heat shock transcription factor 1; 

and hsp, heat shock protein. 

 

Statistical analysis: The results in the figures are representative of at least three independent 

experiments that yielded similar results. The values are presented as the means ± standard 

deviation (SD). Differences were analyzed using Student’s t-test. Statistical significance was 

set at P < 0.05 and P < 0.01. 

 

RESULTS: 

Qualification of the AHCC lots 

AHCC consists of carbohydrates and several ingredients [1] (Table 2), and oligosaccharides 

are assumed to confer the biological activities of AHCC [10, 11]. Because -glucan is a 

major constituent of carbohydrates in AHCC, the -glucan content may be a standard to 

qualify AHCC lots. Therefore, we measured the -glucan content by the method with 

amyloglucosidase as described in the Materials and Methods section. This enzymatic 

analysis indicated that the -glucan content was 28.9 ± 2.4% (weight) of the AHCC freeze-

dried powder (n = 35), suggesting that deviation in the content among the AHCC lots was 

small. By contrast, the -glucan content was very low [1]. 
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Table 2. Ingredients of AHCC freeze-dried powder. 

  

Ingredient Content (%) Analysis method 

Protein
1
 13.1 Kjeldahl method 

Fats
1
 2.2 Acid decomposition method 

Dietary fiber
1
 2.1 Enzymatic–gravimetric method 

Ash contents
1
 8.9 Direct ashing method 

Carbohydrate
1
 71.2 As per the balance 

-Glucan
2
 28.9 ± 2.4  Enzymatic method (this study) 

-Glucan
1
 0.2 Enzymatic method, ELISA 

  

1
Miura et al. [1]. 

2
Represented as the mean ± standard deviation (n = 35). 

 

 Next, we measured the biological activity of AHCC. Because the AHCC freeze-dried 

powder suppresses NO production in IL-1-treated hepatocytes [6], we measured the 

suppression activities of NO production by AHCC. All the lots showed comparable 

suppression activities (data not shown), indicating an average 50% inhibitory concentration 

(IC50) of 3.75 ± 0.15 mg/ml (n = 8).  

 This data confirmed that the deviation of quality among the lots of AHCC powder 

was small. Therefore, we chose one among these examined lots and used it for subsequent 

experiments with C. elegans. 

 

AHCC does not affect the brood size of C. elegans 

To investigate whether AHCC attenuated the brood of C. elegans, we added AHCC to the 

growth media and estimated the brood size of the wild-type N2 strain. AHCC treatment (2 

mg/ml) did not affect the total brood size per animal (P = 0.078) when comparing the total 

brood size of the control animals in the absence of AHCC (Fig. 1A). In addition, counting of 

progeny revealed that a similar number of progeny was produced by the negative controls 

(i.e., animals in the absence of AHCC (Fig. 1B)). These results suggest that AHCC had a 

small effect on the reproduction of C. elegans, although AHCC treatment slightly altered the 

reproductive schedule.  
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Fig. 1. AHCC treatment does not affect the brood size of C. elegans. (A) The brood sizes of the 

wild-type N2 strain. An egg count assay was performed. Total brood sizes per animal in the absence 

or presence of AHCC are shown as the means ± standard deviation (SD). (B) Progeny of the wild-

type strain. Progeny of non-gravid animals are shown as the means ± SD as a percentage of the total 

brood size. 

 

AHCC extends the lifespan of wild-type C. elegans 

Next, we added AHCC to the growth medium at different concentrations and estimated the 

lifespan of the wild-type nematodes. The fraction alive was measured, and survival curves 

were drawn (Fig. 2A). The wild-type strain placed on the agar plates containing 1, 2, or 4 

mg/ml AHCC lived longer than the negative controls in the absence of AHCC (0 mg/ml). We 

calculated the mean lifespans and compared them with the negative controls. As shown in 

Fig. 2B, wild-type animals exhibited a significantly longer mean lifespan in the presence of 

AHCC. 
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Fig. 2. Wild-type nematodes live longer in the presence of AHCC. (A) Survival curves of the 

wild-type strain in the presence of AHCC. The fraction alive is shown. (B) Changes of the mean 

lifespan relative to the negative control animals (0 mg/ml AHCC). Changes of the mean lifespan 

relative to the controls are shown as the means ± SD. *P < 0.05, **P < 0.01 versus the negative 

controls. 

 

DAF-16 is required for AHCC to extend lifespan 

Next, we examined the effects of the longevity-promoting transcription factors DAF-16 and 

HSF-1 in the insulin/IGF-1 signaling pathway. Two animal mutants, in which the daf-16 or 

hsf-1 gene was disrupted, were used for the lifespan assay. When the daf-16(–) mutant was 

used, AHCC did not increase its lifespan (Fig. 3A), suggesting that DAF-16 is necessary for 

the extension of lifespan by AHCC. By contrast, AHCC caused a slight but significant 

extension of the lifespan in the hsf-1(–) mutant (Fig. 3B and 3C). These results indicate that 

the lifespan extension by AHCC at least required DAF-16.  

 

 

 

 

 

 

 

 

 

 

Fig. 3. AHCC does not affect the lifespan of the daf-16(–) mutant.  (A) Survival curves of the 

daf-16(–) mutant in the absence and presence of AHCC. The fraction alive is shown. (B) Survival 

curves of the hsf-1(–) mutant in the absence and presence of the AHCC fraction alive is shown. (C) 

Changes of the mean lifespan versus the negative controls (0 mg/ml AHCC) are shown as the means 

± SD. *P < 0.05 versus the negative controls. 

 

AHCC enhances the thermotolerance of C. elegans through HSF-1 

The effects of AHCC on the thermotolerance of C. elegans were examined. Because the 

lethal temperature of the wild-type N2 strain is 35°C, we transferred the animals from 20°C 

to 35°C, and the fraction alive was measured in the absence and presence of AHCC. As 

shown in Fig. 4A, AHCC prominently increased the thermotolerance of the wild-type 
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animals at 35°C. When the average time of death after the temperature shift to 35°C was 

calculated, the viability of AHCC-treated animals was significantly higher than that of the 

negative controls (0 mg/ml AHCC). The mean time of death in the presence of AHCC was 

24% longer than that in the absence of AHCC (negative controls).  

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. AHCC increases the thermotolerance of the wild-type animals. (A) Survival curves of the 

wild-type strain in the absence or presence of AHCC. The fraction alive after the temperature shift to 35°C is 

shown. (B) The average time to death after the temperature shift. Values are means ± SD. *P < 0.05 versus the 

negative controls. 

 

 To investigate the effects of the longevity-related transcription factors DAF-16 and 

HSF-1 on thermotolerance, the nematode mutants were used. When the hsf-1(–) mutant was 

used, AHCC did not increase its viability (Fig. 5A), suggesting that HSF-1 is necessary for 

AHCC-enhanced thermotolerance. By contrast, AHCC increased viability in the daf-16(–) 

mutant, similar to that in the wild-type strain (Fig. 5B), suggesting that DAF-16 is not 

essential for AHCC-enhanced thermotolerance. These data indicate that AHCC-enhanced 

thermotolerance at least required HSF-1. 
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Fig. 5. AHCC did not increase the thermotolerance of the hsf-1(–) mutant. (A) Survival curves 

of the hsf-1(–) mutant in the absence and presence of AHCC. The fraction alive after the transfer to 

the lethal temperature (35°C) is shown. (B) Survival curves of the daf-16(–) mutant in the absence 

and presence of AHCC. The fraction alive after the temperature shift is shown. (C) The mean time to 

death after the shift to 35°C. Values represent means ± SD. *P < 0.05 versus the negative controls. 

 

AHCC increases the levels of both hsf-1 mRNA and asRNA 

To examine the effects of AHCC on hsf-1 gene expression, hsf-1 mRNA was detected by RT 

and real-time PCR. The addition of AHCC elevated the hsf-1 mRNA level in the wild-type 

animals (Fig. 6A).  

Recently, it was reported that the asRNA transcribed from a gene (i.e., the natural 

antisense transcript) regulates mRNA stability at the posttranscriptional level [7, 21–23]. 

Therefore, we examined whether an asRNA was transcribed from the hsf-1 gene. Primer sets 

to detect asRNA that corresponded to the 3′ untranslated region of hsf-1 mRNA were 

designed (Table 1), and strand-specific RT-PCR was performed. As shown in Fig. 6B, hsf-1 

asRNA was detected in the absence of AHCC, and the level of hsf-1 asRNA increased in the 

presence of AHCC.  

 

 

 

 

 

 

 

 

 

 

Fig. 6. AHCC increases the levels of both hsf-1 mRNA and asRNA. (A) The levels of hsf-1 

mRNA in the wild-type strain in the absence and presence of AHCC. The hsf-1 mRNA levels (means 

± SD) were measured by real-time PCR and normalized to the levels of eft-4 mRNA (internal 

control). *P < 0.05 versus the negative controls. (B) Expression of hsf-1 asRNA. Strand-specific RT-

PCR was performed to detect hsf-1 asRNA. RT(–), a PCR control without RT to monitor the genomic 

DNA contamination. Primer(–), a control without an hsf-1-specific sense primer during RT to monitor 

self-primed cDNA. M, DNA size markers in base pairs. (C) The structure and expression of the hsf-1 

gene. Exon 8 for hsf-1 mRNA and the transcribed regions for hsf-1 asRNA are depicted. Boxes 
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indicate the transcribed regions of the gene. The region amplified by PCR is indicated by a double-

headed arrow beneath the 3’ untranslated region (3’UTR), and hsf-1 asRNA is indicated by an arrow. 

 

AHCC enhances the expression of heat shock genes 

It was expected that AHCC, after heat shock, would enhance the expression of heat shock 

genes, whose promoters HSF-1 binds. Therefore, we examined the expression of these genes 

(hsp-12.6, hsp-16.49, and F44E5.4) in the wild-type animals that were heat shocked by the 

temperature shift to 35°C. The levels of hsp-12.6, hsp-16.49, and F44E5.4 mRNAs increased 

by the heat shock in a time-dependent manner (Fig. 7). After the temperature shift, AHCC 

significantly enhanced the levels of hsp-12.6, hsp-16.49, and F44E5.4 mRNAs.  

 

 

 

 

 

 

 

 

 

Fig. 7. AHCC increases the expression of heat shock genes. Heat shock gene expression in the 

heat shocked wild-type nematodes was analyzed. After the temperature shift to 35°C of the wild-type 

strain in the absence and presence of AHCC, the levels of hsp-12.6 (A), hsp-16.49 (B), and F44E5.4 

(C) mRNAs were analyzed by real-time RT-PCR. The values were normalized to those of eft-4 

mRNA (internal control). The normalized value at 0 h after heat shock in the absence of AHCC was 

set at 1, and relative mRNA levels (means ± SD) are shown in fold values. *P < 0.05, **P < 0.01, 

***P < 0.001 versus control animals heat shocked for the same time 

 

DISCUSSION: 

The present study demonstrates that AHCC extended the lifespan of C. elegans and increased 

its thermotolerance. Various functional and medical foods from fruit and plant extracts (e.g., 

blueberry and Ginkgo biloba extract), as well as their constituents (i.e., catechins and caffeic 

acid), have been reported to promote lifespan in invertebrate models [24]. Our study is the 

first to demonstrate that AHCC, derived from the mushroom Lentinula edodes, contributes to 

lifespan extension in C. elegans.  
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 The insulin/IGF-1 signaling pathway is a major mechanism involved in regulating the 

lifespan of C. elegans [12], and our study suggests that this pathway is highly involved in the 

lifespan extension via AHCC. The lifespan extension caused by daf-2 mutations in C. elegans 

requires the activity of daf-16, a FOXO transcription factor [12]. The analyses with the daf-

16 or hsf-1 mutants of the nematodes clearly demonstrated that the lifespan extension by 

AHCC at least partly requires DAF-16 (Fig. 3).  

Thermotolerance is highly correlated with C. elegans lifespan, and the molecular 

mechanism of thermotolerance seems to be closely related to that of aging [15]. AHCC 

prominently increased the thermotolerance of the wild-type animals at the lethal temperature 

35°C, and the viability of AHCC-treated animals was significantly higher than that of the 

negative controls (Fig. 4). Thermotolerance assays with the daf-16(–) mutant indicated that 

the AHCC-enhanced thermotolerance required another longevity-promoting transcription 

factor, namely, HSF-1. The addition of AHCC elevated the levels of hsf-1 mRNA and hsf-1 

asRNA (Fig. 6). Therefore, it is possible that hsf-1 asRNA posttranscriptionally regulates the 

stability of hsf-1 mRNA, similar to that of iNOS, cytokine, and chemokine mRNAs [7, 22, 

23]. AHCC markedly increased the expression of hsp-12.6, hsp-16.49, and F44E5.4 mRNAs 

(Fig. 7), and HSF-1 binds to the promoters of these heat shock genes [13]. These results 

suggest that AHCC enhances thermotolerance primarily through HSF-1. 

 Actions of AHCC on longevity and stress resistance as thermotolerance are 

summarized as a putative model (Fig. 8). The positive effects of AHCC on lifespan extension 

and thermotolerance are involved in the activation of at least two transcription factors—

DAF-16 and HSF-1—both of which are included in the insulin/IGF-1 pathway. However, the 

molecular mechanism underlying thermotolerance seems to be closely related to that of 

aging, but it is not identical.  

 A receptor for the acylated -1,4-glucan in AHCC is not identified, although this -

glucan is assumed to confer the biological activities of AHCC [10, 11]. Immunological 

properties of -glucans have been much less studied than those of -glucans. There are only 

two reports about -glucan receptors: An -glucan from the cell wall of Pseudallescheria 

boydii, a saprophytic fungus, binds to toll-like receptor 2 (TLR2) [25]; and an -glucan from 

Mycobacterium tubereculosis cell wall binds to a C-type lectin, which is identified dendritic 

cell-specific intercellular adhesion molecule-3-grabbing non-integrin (DC-SIGN) [26]. 

Similar to these -glucans, the acylated -1,4-glucan in AHCC may bind to its putative 

receptor and affect the functions of DAF-16 (FOXO) and HSF-1 in the insulin/IGF-1 

signaling pathway in the nematode and mammals. It remains to be studied how the acylated 

-1,4-glucan affect the insulin/IGF-1 signaling pathway. 
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 In rat hepatocytes, AHCC has an anti-inflammatory effect to suppress NO production 

and iNOS expression [6, 11], and IGF-1 inhibits the induction of iNOS in a murine liver 

failure model [27]. By contrast, C. elegans lacks its own nitric oxide synthase, and NO 

produced by bacteria extends the C. elegans lifespan [28]. Therefore, it is clear that results 

using an invertebrate model in this study cannot directly apply to mammals. Further studies 

are required to elucidate the action of AHCC and other nutraceuticals as well as the 

relationship between the lifespan extension in C. elegans and healthy aging in mammals.  

 

 

 

 

 

 

 

 

Fig. 8. A putative model of the action of AHCC in C. elegans. Factors affected by AHCC are 

depicted. Longevity-promoting genes regulated by DAF-16 include the metallothionein (mtl-1) and 

superoxide dismutase (sod-3) genes [13]. *, factors examined in this study. 

 

CONCLUSION: 

AHCC conferred lifespan extension and thermotolerance to C. elegans. Our study suggests 

that the positive effects of AHCC on longevity and thermotolerance are involved in the 

insulin/IGF-1 signaling pathway through two transcription factors, DAF-16 and HSF-1, most 

likely through an asRNA-mediated mechanism. 
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