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Beta-Glucan Functions as a “Pro-Drug” to Augment the Function of Anti-Tumor Monoclonal
Antibodies (mAbs), Providing a Novel Mechanism for Killing Tumors via Circulating Blood
Neutrophils
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Beta-glucan has been used as an immune modulator for decades, but its mechanism of action was
unclear. Lack of mechanistic understanding has historically led to variable results in beta-glucan studies.
Recently our group has determined the route by which oral beta-glucan mediates many of its biological
effects (Cancer Res 2003, 63: 9023 — 9031; J. Immunol. 2004, 173: 797 — 806). Particulate beta-glucan,
delivered orally, is taken up by macrophages in the gut, and transported to the bone marrow and spleen.
The macrophages gradually digest the glucan into small, active fragments. These fragments are released
and interact with Complement Receptor 3 (CR3, also known as Mac-1 or CD11b/CD18) on the surface of
neutrophils and monocytes. The bound beta-glucan fragments thus “prime” the marginated pool of
neutrophils, allowing them to more effectively destroy infectious agents. In addition, these glucan-primed
neutrophils will destroy any diseased cell on which complement fragments have been deposited. This
activity has allowed the design of novel anti-tumor therapies, which, for the first time, recruit neutrophils
via Cba- and LTB,4- mediated chemotaxis into the battle against cancer. Tumor therapy with humanized
mADbs such as Herceptin™, Rituxan™, and Erbitux™ is now accepted clinical practice, but still fails in
most patients. Such mAb usually do not kill tumors completely, but may suppress tumor growth for a
period of time. It is notable that complement-dependent cytotoxicity (CDC) and leukocyte
C3-receptor-dependent cytotoxicity (CRDC), which are potent mAb effector mechanisms against
microbial pathogens, are usually less active against cancer. Humanized antitumor 1gG1-based mAbs do
activate complement and coat tumors with iC3b, the target ligand for the leukocyte iC3b-receptor CR3.
However, CRDC requires that CR3 bind simultaneously to both iC3b and yeast cell wall beta-glucan to

trigger killing of the yeast. Since tumors do not express beta-glucan, they escape this protective
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mechanism used against yeast and fungal infections. Our research showed that soluble yeast beta-glucan
bound to a lectin site within CR3 and primed the receptor for triggering cytotoxic degranulation in
response to iC3b-coated tumors, thus evoking an important killing mechanism of host defense for

anti-tumor immunotherapy.
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