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B 1, 3-Glucan in Cancer Treatment

Vaclav Vetvicka and J. Vetvickova
Department of Pathology,
University of Louisville, 511 S. Floyd, Louisvill&Y 40202, USA

Abstract: Natural products, useful in preventing and/or ireptvarious diseases, have been sought
after throughout the man’s history. Despite someble@ms inherited from the natural source of
glucans, there is extensive literature about thetivities in animal tumor models. For the past 25
years, Japan has used several forms of mushroamedeglucans in treating cancer patients.

Additionally, close to twenty clinical trials areumently running in several countries, further

suggesting the strong possibility of using glucassin established anti-cancer drug.
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INTRODUCTION vermiformis andEimeria (Coxet al., 2010; for a review
see Vetvicka and Novak, 2011). Subsequent

B1,3-Glucans derived from a variety of natural experiments__returned to t_he original finding§ and
sources (such as yeasts, grain, mushroom or seaweed!oWed significant support in cancer treatmentathb
are well-established immunomodulators (sometime@nimal and human models (Vetviceial., 2002; Hong
also called biological response modifiers). Numsrou etal., 2004; Weitberg, 2008).

reports demonstrated a wide range of biologicaIAnimal data: History of polysaccharides as

activities by individual B1,3-glucans (for review see o, nomodulators goes back 70 years when Shear and
Schepetkin and Quinn, 2006; Chen and Seviour, 2006, \yorkers described a substance, again feematia

Novak and Vetvicka, 2008; 2009; Rondanedi al.,  arcescens cultures, that caused necrosis of tumors
2009; Rambergt al., 2010; Rahaet al., 2011). Over 10, (Shear et al., 1943). Glucan was later tested in

000 research papers on the isolation, characternzahd  numerous animal models, mostly mouse and rat. The
biological activities of various glucans exist. Somf  original routes of administration were iv. and ip.
them originated from the “golden age” of biological Injections, but later attention was also focusedoaat
experiments, when authors endlessly kept isolatiey administration, with similar results (Hanba and &ala,
same material from new sources. The majority, h@nev 1988). Among individual types of tumors found to be
represents a serious science. sensitive to the glucan treatment are lung cangbe (
The basic glucan research can be summarized iet al., 1985), hepatoma (Abet al., 1984), squamous
several directions. Isolation and chemical analyasils cell carcinoma (Arikaet al., 1986), ovarian cancer
outside the scope of this review. The remainder i§Chen et al., 1991), sarcoma (Dilleet al., 1964),
focused on biological effects. The original studiesprostate cancer (Fullertcet al., 2000), bladder cancer,
firmly established the effects on infection immuynit cervical cancer (Nakanet al., 1996) and breast cancer
(mostly via stimulation of the non-specific branoh  (Vetvicka and Yvin, 2004).
immune reactions). Using several experimental mgydel The mechanisms of glucan’s effect on cancer
it has been well established thatglucan protects development are still not fully elucidated. The mos
against infection with both bacteria and protozod a pronounced and most known effects of glucans cbnsis
enhances antibiotic efficacy in infections with of augmentation of phagocytosis and proliferative
antibiotic-resistant bacteria. The protective dffetf- activities of professional phagocytes, such as
glucans was shown in experimental infection withgranulocytes, monocytes and macrophages. These cell
Leishmania major, Candida albicans, Toxoplasma  recognize and bind glucan via a number of different
gondii, Streptococcus suis, Plasmodium berghei, receptors such as TLR-2 (toll-like receptor 2), tred,
Saphylococcus aureus, Escherichia coli, CR3 (complement receptor 3), lactosylceramide and
Mesocestoides corti, Trypanosoma cruzi, Eimeria  probably others. Binding of glucan to any of the
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receptors activates macrophages. The activationells (Aminoet al., 1983). For more details on Lentinan
consists of several interconnected processes imgud and its effect sees (Chihegial., 1987).
increased chemokinesis, chemotaxis, degranulation, In contrast to other glucans, Lentinan is usually
adhesion to the endothelium and migration. In #midit ineffective when used orally. Recently, a superfine
glucan binding also triggers intracellular procssseich ~ dispersed Lentinan with high oral effectivity was
as the respiratory burst after phagocytosis ofdmg  introduced. First studies showed not only safetyt b
cells, increasing activity of hydrolytic and mettibo significant effects on advanced prostate cancer
enzymes and signaling processes leading to activafi  (Shimizu et al., 2009) and in advanced colorectal
other phagocytes and secretion of cytokines androth cancer (Hazamet al., 2009).
substances. Persons interested in an excellentwevi Despite the fact that Lentinan is an official drug
regarding interaction of glucans with macrophageslapanese scientist continue with evaluations of new
should read (Schepetkin and Quinn, 2006). possible venues of lentinan effects. Advanced oral
The Finding is that glucans bind to the lectinsquamous cell carcinoma is a cancer known for & hig
domain of CR3 and prime the receptor for cytotoxicresistance to chemotherapy. Lentinan  used
degranulation in response to tumors that bore i@8b simultaneously with an oral fluoropyrimidine anti-
were normally resistant to this form of cellular neoplastic agent S-1 strongly suppressed the cancer
cytotoxicity was key to the successful treatment ofgrowth, probably via induction of apoptosis (Haratla
cancer. Most solid tumors generate an immune regponal., 2010). It seems that, as a drug, Lentinan has a
that results in the deposition of antibody and i@8b  significant future and we can only hope that thigi-a
membrane surfaces. This iC3b on tumors serves ascancer drug will eventually show up in Western
specific target for CR3-bearing neutrophils, medicine as well.
macrophages, eosinophils and NK cells that have bee
primed with solublgs-glucan (Vetvickaet al., 1996). In  Clinical trials: Since cancer is a leading cause of death
addition, when tumors lack such iC3b, mouse tumomorldwide, it is not surprising that most efforts
models it has been demonstrated that monoclonalurrently focus on evaluating of the effects ofagin on
antibodies to tumor antigens can be administered igancer treatment. Several studies showed that low
combination with3-glucan to restore tumor-bound iC3b molecular weight, yeast-derive@-glucan binds to a
and assure tumor-specific targeting. Normal tissuetectin domain within the COOH-terminal region okth
surrounding the tumor cells are spared from leuteocy CD11b subunit of complement receptor 3 (CRS3,
attack because they lack this targeting iC3b. Assalt CD11b/CD18 (Xiaet al., 1999). Additional studies
of these studies, it was only a step away from théhave indicated that yeast-derive@lglucans prime
current clinical trials using glucans in synergythwi neutrophils or natural killer cells for cytotoxigit
commercial anti-tumor molecular antibodies. against iC3b-opsonized tumors via complement
activation by anti-tumor antibodies (natural or
Glucan as a drug: In Japan, glucans such as Lentinanmolecular) (Vetvickaet al., 1997; Yanet al., 1999)
derived from the Shiitake mushrooirettinula edodes) Dual ligation of neutrophil CR3 mediated by the I-
and Polysaccharide K derived fra@oriolus versicolor  domain ligand, iC3b and the lectin-like domain tiga
are approved for use as immunoadjuvants for cancefy B-glucans, leads to degranulation and cytotoxic
therapy and have been used for over 20 years (Mansgesponses (Liet al., 2006). The conclusion of these
et al., 1975; Luzioet al.,, 1980; Morikaweet al., 1985,  gy,dies  suggests that glucan-mediated  tumor
Chiharaet al., 1987). Particular interest is focused ONimmunotherapy utilizes a novel mechanism by which
Lentinan W.h'Ch was deve_l_oped by the_ Japanesg,nate immune effector cells are primed to kill B3
pharmaceutical company Ajinomoto and is now an -
intravenously administered anti-cancer agent. itsied opsomzt_a(_j tumor cells.
: Additional reports showed that both soluble and

mainly in patients with advanced/recurrent gasarcl ; . . .
colorectal cancers (Taguchi, 1987; Nakago al., particulate glucans induce proinflammatory cytokine

1999), prostate (Tagt al., 1994) and breast (Katal., secreti(_)n t_hereby stimulating innate immune effecto
1992) carcinoma. Some data obtained on animalSe!l activation. These effects appear to be depenute
suggest the broader possibility of Lentinan action,/0ll-Like Receptor 2 (TLR-2), CR-3 and Dectin-1
including acute myeloid leukemia (McCormaekal., ~ Pathways (Brownet al., 2003; Gantneet al., 2003;
2010). The exact mechanisms are not clear an¥etvicka and Yvin, 2004). Our group focused on
individual studies suggest T cell-dependent stitioia ~ glucan and CR3 receptors. Subsequent experimeats in
of macrophages, switch to Th2-type cytokinevariety of murine syngeneic tumors (Yanal., 1999;
production (Hamurat al., 1999) and activation of NK Honget al., 2003; 2004) as well as in human carcinoma
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xenograft models (Cheung and Modak, 2002; Cheunghe use of pullulan with water soluble polymers in
et al., 2002; Modaket al., 2005; Li et al., 2007; preparation of ingestible films that can contain
Salvador et al., 2008) revealed the significant pharmaceutical, cosmetic, or biologically activerty
therapeutic efficacy of combined glucan and antign ~ can serve as an example. Similarly, nanoparticieet
antibody therapy. This concept was confirmed byon curdlan were evaluated for potential drug dejite
experiments showing the presence of natural antibepatic carcinoma cells using lactobionic acid as a
tumor antibodies in animals and humans and by th@ayload drug (Naet al., 2000). Another glucan,
necessity of the presence of these antibodies forchizophyllan, has been extensively studied foriose
glucan effects (Yanet al., 1999). As control ohgonucleo:ude dellvgry (Mochizuki and Satural_,ozﬁl
experiments, this therapy completely fails in CR3-1he OStroff's group is focused on using glucanipas
KO mice or in antibody-deficient SCID mice. Later as a novel drug delivery system. First, they pregar

: . ollow, highly porous microparticles. Second, these
experiments showed that even orally administere hole glucan particles were used as an adjuvant

glucans retain their therapeutic efficacy in CancerAdjuvax) with excellent results (Ostra# al., 1991). In
(Nanba and Kuroda, 1987; Cheung and Modak, 2002§he next step, this group designed several stestefgr
Hongetal, 2004.)' . encapsulation of biologically active material irtteese
Several —animal studies showed that orallymicroparticles. The results include DNA deliveriRNA
administered  glucan  significantly  augmented delivery (Soto and Ostroff, 2008) and protein datjv

cytotoxicity of tumors, but the effects were streng Readers keen to get more details on the role of

and iC3b. Prelinical studies confirmed that theis gate review (Soto and Ostroff, 2011).

combination of daily oral doses of glucan and wgekl

doses of the anti-tumor antibody 14G2a, caused REFERENCES
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