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POLYSACCHARIDE FROM LENTINUS
EDODES FOR INTEGRATIVE CANCER 
TREATMENT: IMMUNOMODULATORY 
EFFECTS ON LYMPHOCYTE POPULATION 

INTRODUCTION

β-glucans

β-glucans are composed of a diverse group of glu-
cose polymers, with a backbone of β-(1, 3)–linked 
β-D-glucopyranosyl units with β-(1, 6) linked side 

chains. β-glucans may influence the immune system 
and modulate innate immune responses1,2. Certain 
categories of glucans, as like as zymosan and len-
tinan, can anyway significantly stimulate phagocy-
tosis3. Moreover, β-glucans induce macrophages to 
synthesize cytokines, and modulate adaptive im-
munity via a complex mechanism that involves both 
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Abstract – Background: Fungal alpha and β-glucans have been used as therapeutic support 
for thousands of years in Eastern culture. Lentinan, the backbone of β-(1, 3)-glucan with β-(1, 6) 
branch es, is the main ingredient purified from Shiitake mushrooms and has been approved as a 
biological response modifier for the treatment of gastric cancer in Japan. Active Hexose Correlated 
Compound (AHCC) is an alpha-glucan rich nutritional supplement derived from the mycelia of shii-
take (Lentinula edodes) of the basidiomycete family of mushrooms, a popular integrative medicine 
in Japan. Lentinan may exert a synergistic action with anti-cancer monoclonal antibodies to modu-
late complement systems activity through the way of antibody-dependent cellular cytotoxicity and 
complement dependent cytotoxicity.

Patients and Methods: Seven subjects with adenocarcinoma diagnosis (pancreatic, lung, 
colorectal) were recruited, and treated with AHCC (3 g/die).

Lymphocyte typing assays were performed by cytofluorometry (Abbott CELL-DYN Ruby) at start 
(T0) and after one month from AHCC administration (T1). 

Results: After one month, neutrophils increased from 41% to 54%; lymphocytes and monocytes 
decreased, respectively, from 45% to 30% and 10% to 1%; lymphocyte population relationships 
variations: CD3/CD4 increased from 16% to 30%, CD3/CD8 (suppressor) decreased from 53% to 
24%; CD4/CD8 increased from 0.3% to 1.3%; CD3+/CD16+/CD56 Natural Killer (NK) cells increased 
from 113% to 151%; CD8/CD3 (suppressor/cytotoxic) increased from 3% to 5%.

Conclusion: Results showed that immunological effects provided by a-glucans, a possible mode 
of action of lentinan (not only b-glucan mediated), should enable us to use lentinan more efficient-
ly in the treatment of cancer, and its clinical application, including future potential uses of alpha 
and beta glucans association.

KEYWORDS: Fungal β-glucans, a-glucans, Shiitake mushrooms, Lymphocyte typing, Anticancer 
natural remedies. 
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decreases serum levels of IL-6 and PGE2 in pa-
tients with digestive tract cancer26 and might 
avert the Th2- predominant balancement. Conse-
quently, lentinan promotes Th1 polarization and 
rebalances Th1 - Th2 equilibrium. Some stud-
ies show that, with the evolution of cancer, the 
proportion of granulocytes grows in peripheral 
blood27. Granulocytes decrease the antineoplastic 
competence of lymphocytes and lymphocyte-ac-
tivated tumor cell killing28,29; so, the raised num-
bers of granulocytes facilitate tumor growth by 
decreasing tumor-suppressing lymphocytes. The 
cancer-related G-CSF may explain the increase 
in granulocytes, and the higher granulocytes/
lymphocytes ratio (G/L ratio) in the advanced 
stage, compared to the earlier stage30,31. Other pa-
pers show that the administration of lentinan in 
cancer patients, has effect in G-CSF serum lev-
els reduction, this could also possibly reduce the 
G/L ratio. Because of the ease with this ratio may 
be estimated, even in a retrospective analysis, the 
G/L ratio was chronologically evaluated using as 
a parameter its immunological action, in a group 
of subjects treated with chemotherapy alone and 
another group treated with chemotherapy and len-
tinan. At the beginning of chemotherapy, the G/L 
ratio was almost the same with or without lenti-
nan administration. On the other hand, at 1 year 
after the start of chemotherapy or 1 month before 
exitus (when the survival time was less than 1 
year after starting chemotherapy), the G/L ratio of 
subjects treated with lentinan was maintained at 
or below 2, value significantly lower than patients 
who received chemotherapy alone32 (p < 0.001).

a-glucans

AHCC is a cultured mycelium extract obtained 
from Lentinus edodes of Basidiomycete mush-
rooms fermented in rice bran33. The main compo-
nents of AHCC are a-glucans, which are derived 
from the processed mushrooms. These glucans are 
thought to provide a carbohydrate that stimulates 
immune response34,35. 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 45-60 days and then subjected to en-
zymatic 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 immu-
nological effects of AHCC are well documented. 
For example, murine thymic apoptosis induced by 
dexamethasone could be prevented by pretreat-

B and T cells. The immunomodulatory effects of 
β-glucans in terms of immune response can some-
times be of no significance, probably due to differ-
ences in the degree of branching, polymer length, 
and tertiary structures among β-glucans.

The B and T cells constitute the basic support 
for the immune system. With the analysis of the 
subfamilies of T cells and B cells, it is possible to 
obtain information on the efficiency of the immune 
system of an individual. B cells produce antibod-
ies to mediate humoral immunity, whereas T cells 
induce cell-mediated immunity. To the complex 
system of the adaptive immune response, dendritic 
cells also participate, presenting antigens to T cells 
for the activation of immune responses. Several 
lines of evidence indicate an alteration of dendritic 
cells in neoplastic disease4,5. b-glucans contribute 
to improve DCs antigen presentation mechanism6, 
thereby inducing tumor-specific cytotoxic T cells.

Moreover, when the Fc region of an immuno-
globulin interacts with receptors for the Fc domain 
of IgG on leucocytes, numerous biological effects 
are triggered: phagocytosis, enhancement of an-
tigen presentation and release of inflammatory 
mediators6,7. β-glucans were reported to enhance 
the expression of FcgR, a meeting point between 
specific humoral responses and cellular immunity, 
8 and the activation of complements9,10. For this rea-
son, beta glucans may be considered as adjuvants 
in cancer therapies with monoclonal antibodies11,12.

β-glucans are recognized via a number of cell 
surface receptors by the immune system as non-
self molecules, inducing both innate and adaptive 
immune responses13,14. Several receptors have 
been identified in humans, and these include Dec-
tin-1, the toll-like receptor (TLR), complement 
receptor type 3 (CR3), scavenger receptors, and 
lactosylceramide (LacCer). 

It is known that, in oncological disease, dendritic 
cells have functional defects, with down regulation 
of T and NK cells15,16. Lentinan use was reported 
to improve the generation of both killer T cells and 
NK cells17,18 and then rebalance killer/suppressor T 
cells19. Lentinan up-regulated NK cell-mediated de-
struction of neoplastic cells20,21 probably because of 
improved FcR expression, which could be related 
to ADCC augmentation. The addition of Lentinan 
promotes the activation of both pathways of com-
plement22 and enhances CDC and complement-de-
pendent cell-mediated cytotoxicity via CR3. On the 
other hand, we could say at this point that immuno-
therapy with lentinan might be used in conjunction 
with monoclonal antibodies therapy23,24.

Lentinan, by interacting with specific recep-
tors, actives macrophages and monocytes induc-
ing IL-12 production25, although the process is 
not completely clear yet. Furthermore, lentinan 
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been found48. Matsui et al49 have found AHCC re-
duces the recurrence of hepatocellular carcinoma 
and adverse events associated with chemotherapy 
in a human prospective cohort study. However, the 
mechanisms of action of AHCC are still poorly 
understood, and conflicting evidence suggests the 
need for further investigation50.

PATIENTS AND METHODS 

Seven subjects with adenocarcinoma diagnosis 
were recruited and treated with AHCC (3 g/die) 
for one month, with no apparent toxicity. Patients 
were treated with paclitaxel and gemcitabine (2 
pancreatic cancer), paclitaxel/alimta (2 lung can-
cer) FOLFOX (3 colorectal cancer). 

Lymphocyte typing assays were performed by 
cytofluorometry (Abbott CELL-DYN Ruby) at 
start (T0) and after one month from AHCC ad-
ministration (T1). 

100% of participants reported various lympho-
cyte population alterations at T0.

Values expressed in percentage (Figures 1-5), 
are the average of the seven patients.

ment with AHCC36. Administration of AHCC re-
sulted 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 condi-
tions37. In addition, AHCC could stimulate prolif-
eration of NK cells and killer T-cells, and produc-
tion of IL-12 and TNFα38,39. 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 animals40-42. In humans, 
AHCC has been reported to improve the prognosis 
of patients with postoperative hepatocellular carci-
noma43. The potential of AHCC to act as a biolog-
ical response modifier has been reported by Cow-
awintaweewat et al44. Previous experiments using 
rodents have demonstrated that AHCC reduces 
such chemotherapy side effects as bone marrow 
suppression, hepatotoxicity, and nephrotoxicity45-47. 
There have also been several studies with healthy 
adults that have confirmed the clinical safety and 
tolerability of AHCC. In these studies, only low 
incidences of mild and transient side effects have 

Fig. 1.

Fig. 2.
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ulation relationships: CD3/CD4 increased from 16% 
to 30%, CD3/CD8 (suppressor) decreased from 53% 
to 24% (Figure 2); CD4/CD8 increased from 0.3% to 
1.3% (Figure 3); CD3+/CD16+/CD56 NK increased 
from 113% to 151% (Figure 4); CD8/CD3 (suppres-
sor/citotoxyc) increased from 3% to 5% (Figure 5). 
Furthermore, for the entire duration of the treatment, 
none of the subjects had used immunostimulants 
drugs (Filgrastim, Pegfilgrastim, etc.).

Alpha glucans had more effect on innate im-
munity (CD8, CD56) than acquired immunity 
(CD4). All seven subjects showed a low CD4/
CD8 ratio. This ratio could be related to “immu-
noediting escape” effect (increasing of immu-
nological tolerance). After one month CD4/CD8 
ratio was increased in all subjects. Alpha glucans 
also showed a clear modulation of natural killer 
levels (NK, CD56). NK is crucial into the direct 
destruction of the neoplastic cells, but also in 
down-regulation of CD8.

CONCLUSIONS AND FUTURE OUTLOOK

Strategies previously described allowing physi-
cians to improve the efficacy of integrative cancer 

Reagents used: unconjugated and PE-con-
jugated anti-CD8 (UC-Leu-2a, PE-Leu-2a), 
PE-conjugated anti-CD4 (PE-Leu-3a), unconju-
gated and FITC-conjugated anti-CD3 (UC-Leu-4, 
FITC-Leu-4), PE-conjugated anti-CD 16 (PE-
Leu-11), PE-conjugated anti-CD56 (PE-Leu-19), 
and FITC-conjugated anti-CD45 (FITC-HLE), 
were purchased from Beckman Coulter Italia.

The total number of white blood cells is cal-
culated by Cytofluorimetric assay using automat-
ed counting equipment (PE and FITC Fluoro-la-
beled Cluster Differentiation). For a white blood 
cell count with differential, 100 white blood cells 
are counted and the proportion of each type is 
calculated. Since T cells and B cells have simi-
lar appearances, a differential can only give the 
proportion of lymphocytes in the blood, not the 
proportion of specific lymphocyte types51.

RESULTS AND DISCUSSION

After one month of AHCC-based therapy (T0-T1), neutro-
phils increased from 41% to 54%; lymphocytes de-
creased from 45% to 30% and monocytes decreased 
from 10% to 1% (Figure 1); T-lymphocyte sub-pop-

Fig. 3.

Fig. 4.
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    6.	Mushiake H, Tsunoda T, Nukatsuka M, Shimao K, Fuku-
shima M, Tahara H. Dendritic cells might be one of key 
factors for eliciting antitumor effect by chemoimmu-
notherapy in vivo. Cancer Immunol Immunother 2005; 
54: 120-126.

    7.	 Van de Winkel JG, Capel PJ. Human IgG Fc receptor 
heterogeneity: molecular aspects and clinical implica-
tions. Immunol Today 1993; 14: 215-221.

    8.	Carter P. Improving the efficacy of antibody-based 
cancer therapies. Nat Rev Cancer 2001; 1: 118-129.

    9.	Tani M, Tanimura H, Yamaue H, Iwahashi M, Tsunoda 
T, Tamai M, Noguchi K, Arii K. In vitro generation 
of activated natural killer cells and cytotoxic macro-
phages with lentinan. Eur J Clin Pharmacol 1992; 42: 
623-627.

  10.	 Czop JK, Austen KF. A beta-glucan inhibitable receptor 
on human monocytes: its identity with the phagocytic 
receptor for particular activators of alternative comple-
ment pathway. J Immunol 1985; 134: 2588-2593.

  11.	 Okuda T, Yoshioka Y, Ikekawa T, Chihara G, Nishioka 
K. Anti-complementary activity of antitumor polysac-
charides. Nature 1972; 238: 59-60.

  12.	 Clynes RA, Towers TL, Presta LG, Ravtech JV. Inhibi-
tory Fc receptors modulate in vivo cytotoxicity against 
tumor targets. Nat Med 2000; 6: 443-446.

  13.	 Modak S, Koehne G, Vickers A, O’Reilly RJ, Cheung N. 
Rituximab therapy of lymphoma is enhanced by orally 
administered (1-3), (1-4)-D-alfa-glucan. Leukemia Res 
2005; 29: 679-683.

  14.	 Brown GD, Taylor PR, Reid DM, Willment JA, Williams 
DL, Pomares LM, Wong SYC, Gordon S. Dectin-1 is 
a major beta-glucan receptor on macrophages. J Exp 
Med 2002; 196: 407-412.

  15.	 Langstein H, Norton A. Mechanisms of cancer cachex-
ia. Hematol Oncol Clin North Am 1991; 5: 103-203.

  16.	 Hamuro J, Rollinghoff M, Wagner H. Induction of cy-
totoxic peritoneal exudates cells by T-cell immune adju-
vant of the -1, 3- glucan-type lentinan and its analogs. 
Immunology 1980; 39: 551-559.

  17.	 Peter G, Karoly V, Imre B, Janos F, Kaneko Y. Effects of 
lentinan on cytotoxic functions of human lymphocytes. 
Immunopharmac Immunotoxic 1988; 10: 157-163.

  18.	Matsuoka H, Seo Y, Wakasugi H, Saito T, Tomoda H. 
Lentinan potentiates immunity and prolongs the sur-
vival time of some patients. Anticancer Res 1997; 17: 
2751-2756.

  19.	 Miyakosi H, Aoki T. Acting mechanisms of lentinan in 
human. Int J Immunopharmac 1984; 6: 373-379. 

therapy. It is now clear that bio-behavioural fac-
tors, as nutrition, not only affect cellular immuni-
ty but both, directly and indirectly, modulate fun-
damental processes in cancer growth, including 
inflammation, angiogenesis, invasion, metastasis, 
chemo/radio effectiveness and immunological 
tolerance52,53.

Lentinan and other alpha and beta-glucans have 
already demonstrated immunomodulatory prop-
erties in animal experiments and in vitro studies. 
Multiple pathways have been described for the ef-
fects observed in the immune system, including 
up regulation of T-cell, cytokine, monocyte, tumor 
necrosis factor, natural killer cell, complement ac-
tivation and other macrophage responses. Howev-
er, the number of quality clinical trials and studies 
published in the English language, peer-reviewed 
journals is limited, so further studies are needed to 
assess current outcome indicators.
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