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Summary The potential of natural substances with immuno-
therapeutic properties has long been studied. β-glucans, a cell
wall component of certain bacteria and fungi, potentiate the
immune system against microbes and toxic substances.
Moreover,β-glucans are known to exhibit direct anticancer ef-
fects and can suppress cancer proliferation through im-
munomodulatory pathways. Mortality of lung cancer has
been alarmingly increasingly worldwide; therefore, treat-
ment of lung cancer is an urgent necessity. Numerous re-
searchers are now dedicated to using β-glucans as a therapy
for lung cancer. In the present attempt, we have reviewed the
studies addressing therapeutic effects of β-glucans in primary
and metastatic lung cancer published in the time period of
1991–2016.
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Introduction

Lung cancer ranks as the leading cause of cancer-related mor-
tality worldwide [1]. There are estimated 1.82 million new
cases of lung cancer globally which constitutes nearly 13%
of all newly diagnosed cancer cases annually [2]. Lung cancer
is a heterogeneous disease categorized into two main types:
non-small cell lung cancer (NSCLC) and small cell lung can-
cer (SCLC) [3]. The most common type, NSCLC, accounts
approximately for 80 to 85% of all lung cancer cases and
comprises squamous cell carcinoma (SCC), adenocarcinoma
(ADC), and large cell carcinoma (LCC) [3]. SCLC is charac-
terized by a high propensity for invasion and metastasis and its
five-year survival is only 6.9% [4]. Surgical resection com-
bined with or without adjuvant chemotherapy is the standard
line of treatment in early stageNSCLC [5]. Radiotherapy com-
bined with chemotherapy is recommended for advanced stage
NSCLC patients, including some of the stage IIIA and all stage
IIIBNSCLC patients [6]. Despite the availability of these treat-
ment modalities, the tremendous mortality and morbidity
caused by lung cancer can be due to two reasons: first, a high
proportion of lung cancer patients are only diagnosed at an
advanced stages; and second, a large population of patients
manifests drug resistant, and local or distant metastasis [7–9].
The cancer stem cell theory assumes that the bulk of tumors is
composed of a hierarchy of heterogeneous subpopulations [10,
11]. Hypermalignant subpopulations of cancer cells termed
cancer stem cells (CSCs), also referred to tumor-initiating cells
(TICs) or stem-like cancer cells have been isolated from pa-
tients with different tumor types [12–18]. These cells are found
to be highly malignant, tumorigenic, and possess high
stemness properties, as well as, resistant to conventional che-
motherapy and radiation therapy regimens. Moreover, chemo-
therapy and radiation induce stemness genes in cancer cells
that lead to CSCs enrichment in tumor tissues [19, 20].
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Use of dietary supplements in parallel with chemothera-
peutic regimens has received much attention for their benefits
in lung cancer treatment [21, 22]. One of the most interesting
dietary components isβ-glucans (beta-glucans) which are nat-
urally found in the cell walls of fungi, yeast, bacteria, and
cereals [23]. Since the development of novel therapeutic ap-
proaches to overcome the current obstacles in the treatment of
lung cancer including chemotherapy and radiotherapy resis-
tance, metastasis and relapse is an urgent necessity, we
reviewed the research studies concerning the role of β-
glucans in lung cancer treatment.

The source and structure of β-glucans

β-glucans are glucose polymers within the cell wall of a
wide range of fungi, including Candida albicans and
Saccharomyces cerevisiae as well as barley and some sea-
weed plants [24, 25]. β-glucans have been purified from dif-
ferent sources including brewer’s and backer’s yeast as well as
from oats and barley bran [26]. For example, Saccharomyces
cerevisiae cell wall consists of three layers: an inner layer of
insoluble β-glucan (30–35%), a middle layer of soluble β-
glucan (20–22%), and an external layer of glycoprotein
(30%) [24]. Moreover, β-glucans have been isolated from
some mushrooms as shiitake (Lentinusedodes), maitake
(Grifolafrondosa), schizophyllan (Schizophyllum commune),
and SSG (Sclerotinia sclerotiorum) [27, 28]. Fruit pieces and
cultured mycelium of these mushrooms contain these biolog-
ically active polysaccharides with treatment advantage. Yeast
and mushroom’s β-glucans are often considered for experi-
mental studies due to their easy purification and high amount
of polysaccharide in their cell wall [29, 30].

Structurally β-glucans consist of a backbone of β-(1→ 3)-
linked-D-glucopyranosyl units with β-(1 → 6)-linked side
chains of varying distribution and length. The differences in
the structure, length of the polysaccharide chain, branches,
and molecular weight influence the activity of the β-glucans.
Oat and barley β-glucans are primarily linear with large re-
gions of β-(1 → 4) linkages separating shorter stretches of
β-(1 → 3) structures, whereas mushroom’s β-glucans have
short branches with the β-(1 → 3) backbone [31]. Yeast β-
glucans haveβ-(1→ 6) branches that are linkedwith the more
β-(1 → 3) unit. Overall, in vitro studies have indicated that
large molecular weight or particularβ-glucans (such as zymo-
san) can activate leukocytes, inducing the production of reac-
tive oxygen and nitrogen intermediates. Intermediate or low
molecular weight glucans (such as glucan phosphate) have
biological activity in vivo, while very short β-glucans such
as laminarin (molecular weight; < 5000–10,000) are mostly
inactive [32–34]. High levels of β-glucans were extracted
from oat grain to use in food products, which is used as an
agglomerated food additive which boosts the immune system.

Production of prebiotic sausage has also been facilitated by
using a combination of β-glucan and resistant starch [35].

The health benefits of oral administration of β-glucans
have been shown in several clinical trials. The cyclic glucans
andβ-glucan-chitosan complex are shown to have therapeutic
effects in wound healing both in human and mice [36].
Furthermore, β-glucan- chitosan complex sheet or a film-
forming moisturizer are a promising new wound dressing
products [37]. Additionally, use of β-glucan in the healing
of partial-thickness burns has shown promising results [38].
Some other benefits of β-glucans are in vaccinology, where
they effectively promote protective T cell activities and anti-
body responses and act as strong immunomodulators for Tcell
and antibody responses [39, 40]. β-glucans stimulate the im-
mune system and are cell response modifiers through specific
receptors bymodulating activities of several mediators includ-
ing cytokines, chemokines, and transcriptional and growth
factors. It is established that β-glucans have different recep-
tors on the surface of immune cells such as monocytes, mac-
rophages, dendritic cells (DCs), neutrophils and natural killer
(NK) cells [41] (Fig. 1 a and b). Some of these receptors
include complement receptor 3 (CR3), Lactosylceramide
(LacCer; CDw17) and Lactosylceramide (LacCer; CDw17)
and dectin-1 receptors [42–44]. On the other hand, β-
glucans in the cell wall of microorganisms such as fungi are
known as Pathogen-Associated Molecular Patterns (PAMPs)
recognized by host innate immune system which have an im-
portant role in the elimination of fungal infections. One of the
significant receptors for recognizing β-glucan on monocyte/
macrophage lineages and neutrophils and with lower frequen-
cy on T cells is dectin-1 (β-glucan receptor, β GR) containing
a unique structure comprised mainly of immunoreceptor
tyrosine-based activation motif. This receptor recognizes car-
bohydrates containing β-(1 → 3) and/or β-(1 → 6)- glucan
linkages [45]. A key role for dectin-1 together with Toll-like
receptor 2 (TLR2) has been proven for activation of macro-
phages in inducing inflammatory responses against bacterial
infection [46, 47]. Also, in human neutrophils, β-(1 → 6)-
glucan elicit the phagocytosis, production of reactive oxygen
species, and expression of heat shock proteins (HSPs) [48].

Several signaling molecules are shown to be involved in this
process including NF-κB (through Syk-mediated pathway),
signaling adaptor protein CARD9 and nuclear factor of activat-
ed T cells (NFAT). This process will ultimately lead to the
release of cytokines such as interleukin (IL)-12, IL-6, tumor
necrosis factor (TNF)-α, and IL-10 [49–51]. Several in vitro
and in vivo studies have demonstrated the role of β-glucans in
host immunity against infections and its enhancing effect on
immune responses. Roudbary et al. showed that standard pure
powder of β-glucan in Saccharomyces cerevisiae can stimulate
the Balb/c macrophages to the produce nitric oxide (NO).
Moreover, the supernatant of macrophages stimulated with β-
glucan had a significant cytotoxic effect on WEHI-164 cells
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(fibrosarcoma cell line) in the TNF-α bioassay [52].
Kournikakis et al. assessed the effect of β-glucan on protection
against anthrax in a mouse model of anthrax infection. Results
demonstrated the potential immunomodulatory effect of
β-(1 → 3)-glucan to provide a significant protection against
anthrax [53]. Moreover, in a clinical trial performed by medei-
ros et al., the effects of the β-glucan on wound healing were
evaluated on human venous ulcers monitored by histopatholog-
ical analysis after 30 days of topical treatment. Results
showed that β-(1 → 3)-glucan improved ulcer healing
by potentiating epithelial hyperplasia, inflammatory re-
sponses, angiogenesis and fibroblast proliferation [54].

β-glucans as anticancer agents

It is well-documented that β-glucans have anticancer activity
through a biological response modifier (BRM) effect when
administered in the form of drug or food supplement which
was first displayed by animal experiments [55, 56]. The anti-
tumor mechanism of β-glucans might involve inhibition of
tumor growth through the enhancement of immune system
(i.e. activation of T-cells, B-cells, macrophages and NK cells
and production of cytokines) [57]. Schizophyllan, one of the
β-glucans has antitumor activity and clinically acts as an im-
munomodulator against several cancer types where its antitu-
mor effect is related to the triple helical structure ofβ-glucan’s
backbone chain. For example, the triple helical structure of β-

glucans inhibited the growth of ascites in mice [58].
Administration of β-glucans from Lentinan along with che-
motherapy resulted in prolonged survival in colorectal cancer
patients [59]. Orally delivered β-glucan is found to increase
proliferation rate and activation of monocytes in peripheral
blood of patients with advanced breast cancer [60]. A targeted
delivery system for doxorubicin (Dox) using β-(1 → 3)-glu-
can (Glu) was used as a carrier covered by trastuzumab anti-
body to treat Her 2+ breast tumor implant in mice. Glu-Dox
targeted nanoparticles proved to have significant advantages
for delivering anticancer drugs to target tissues [61].
Additionally, β-glucans can serve as potent adjuvants for tu-
mor vaccines which elicit both potent cytotoxic T lymphocyte
(CTL) responses as well as humoral responses. Moreover,
combined therapy with β-glucans can add another protective
layer of innate immunity toward the adaptive antitumor im-
munity. Therefore, β-glucan mediated therapy can target both
granulocytes and CTLs to give a more effective means of
eliminating tumors and developing a long-term tumor-specific
T cell immunity that prevents tumor recurrence [62].

β-glucan and lung cancer

In this section, we summarize the chemopreventive effect of
β-glucans obtained from different sources studied from 1991
to 2016, in primary lung cancer and other tumor cells

Fig. 1 Function of β-glucan on innate and adaptive immune system. β-
glucans can function on a variety of membrane receptors expressed on the
immune cells. a Initially β-glucans are bound through dectin-1, Toll-like
receptors (TLRs) and complement receptor 3 (CR3) receptors expressed on
macrophages, neutrophils, and dendritic cells. Various signaling pathways
are activated (not shown) and subsequence leading to proinflammatory
cytokine production including IL-12, IL-1, IL-6, and tumor necrosis factor
α (TNFα) as well as costimulatory molecule expressions such as B7.1 and

B7.2 onmacrophages and dendritic cells. These cytokines and costimulatory
molecules lead to stimulation and activation of T lymphocyte (TH and TC).
Finally, TC lymphocytes via releasing cytotoxic substrates such as perforin
and granzyme can provide an environment for killing tumor cells. b β-
glucan binds to CR3 on natural killer (NK) cells and activates them. NK
cells after activation by β-glucans via releasing perforin and granzyme can
directly kill the tumor cells (TH: T helper and TC: T cytotoxic)
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metastasized to the lung in experimental studies, as well as in
clinical trials.

Laboratory and animal studies

Suzuki et al. showed that SSG, a β-(1→ 3)-D-glucan obtained
from Sclerotina Sclerotiorum IFO 9395, administered by either
through oral or intraperitoneal route, inhibited the experimental
pulmonary metastasis of Lewis lung carcinoma (3LL) cells in
mice. They concluded that the effector cells of immune sys-
tems, such as macrophages and NK cells, activated by the ad-
ministration of SSG, may inhibit the processes of the implan-
tation of 3LL cells in the lungs and also inhibit the growth of the
metastasizing cells in new tumor colonies [63]. Yoon et al.
examined the prophylactic administration of β-glucan purified
from mutated S. cerevisiae (IS-2) in experimental lung metas-
tasis model of colon 26-M3.1 carcinoma or B16-BL6 melano-
ma cells, showing that it significantly inhibits lungmetastasis in
a dose-dependent manner. Also, pretreatment with IS-2 two
days before tumor inoculation significantly prolonged the sur-
vival time of the tumor-bearing mice [64]. Furthermore, thera-
peutic administration of IS-2 also significantly inhibited the
growth of colon cancer cell line 26-M3.1 in mice. On the other
hand, Maitake D-Fraction extracted from Grifola frondosa
(Maitake mushroom) containing β-(1 → 6)-glucan with
β-(1→ 3) branched chains have been found to possess strong
anticancer activity by increasing immune-competent cellular
activity [65]. Kobayashi et al. at showed that oral supplemen-
tation with β-(1 → 6)-D-glucan extracted from Agaricus
blazei Murill used as a food supplement for the prevention
of cancer, reduced pulmonary metastasis of 3LL cells in mice,
and inhibited the growth of these metastatic tumors in lung, in
part by suppressing urokinase-type plasminogen activator
(uPA) expression [66]. Moreover, Yamamoto et al. reported
that the growth rate of subcutaneously injected B16-BL6 tu-
mor cells (mousemelanoma cell lines) in C57BL/6 J mice was
suppressed by the oral administration ofβ-D-glucan extracted
from Sparassis Crispa (SBG), an edible mushroom with me-
dicinal properties. Furthermore, the number, as well as the size
of lung metastatic tumor colonies, was significantly reduced
by SBG administration through the inhibition of tumor-
induced angiogenesis. The results indicated that oral adminis-
tration of SBG can suppress tumor angiogenesis and metasta-
sis [67]. Another study by Li et al. investigated the effect ofβ-
glucan therapy on antitumor adaptive T cell responses against
Lewis lung carcinoma model. Orally administered particulate
β-glucan trafficked into spleen and lymph nodes; activated
dendritic cells captured apoptotic LLC/ovalbumin cells in-
vivo and up-regulated accessory surface molecules on dendrit-
ic cells, leading to the expansion and activation of antigen-
specific CD4 and CD8 T cells. In their study, they clearly
showed the ability of yeast-derived β-glucan as an adjuvant

for tumor immunotherapy [68]. In another study,
Thetsrimuang et al. reported that crude polysaccharides ob-
tained from Lentinus polychrous Lév possess variable antiox-
idant activities and might serve as a possible immunomodula-
tory agent for cancer prevention. Although their antioxidant
activities were weak, these polysaccharides had certain cyto-
toxic effects on cancer cell lines A549 (non-small cell lung
adenocarcinoma), MCF-7 (breast adenocarcinoma), SK-Hep1
(hepatocarcinoma) [69]. This natural compound is shown to
enhance anticancer effects when combined with chemothera-
py. Kogan, et al. showed that antitumor and antimetastatic
activity of cyclophosphamide can be enhanced through the
addition of carboxymethylated β-(1 → 3)-D-glucan, a well-
known macrophage stimulator, in the Lewis lung carcinoma
model [70]. Moreover, combined use of several natural immu-
nomodulators is getting much of attention. Vetvicka et al.
showed that combination of glucan/resveratrol and glucan/
vitamin C suppresses the growth of lung tumors via the stim-
ulation of apoptosis in a mouse model of lung cancer [71]. On
the other hand, diet and exercise can have beneficial preven-
tive effects on the initiation and growth of some types of
cancer [72, 73]. Murphy et al. investigated the effects of mod-
erate exercise and oat glucan on lung tumor metastasis. The
results of this study showed that short-term moderate exercise
training and consumption of the soluble fiber oat-glucan can
decrease the metastatic spread of injected B16melanoma cells
to the lungs in an experimental tumor metastasis model. The
effects may be mediated in part by an increase in macrophage
cytotoxicity and antitumor function against the B16 melano-
ma [74]. Photodynamic therapy (PDT) combines pretreatment
with a drug or photosensitizer with a specific type of laser to
kill the cancer cells. The cellular damage induced by PDT
leads to activation of the DNA damage repair mechanisms,
which is an important factor for modulating tumor sensitivity
to this treatment type [75]. Akramiene et al. demonstrated that
PDT in combination with barley, baker ’s yeast, or
marinebrown algae containing glucan significantly reduced
tumor growth and the expression of proliferating cell nuclear
antigen, and increased necrosis in tumor tissues in C57BL/6
Lewis lung carcinoma xenograft model. The study showed
that β-glucans enhance tumor response to PDT, resulting in
increased necrosis of PDT-treated tumors and suppression of
the DNA damage repair system [76].

As mentioned above, β-glucan significantly augments
antibody-mediated antitumor activity via stimulation of the
CR3. Monoclonal antibodies (mAb) against tumor cells bind
to tumors coated with iC3b and activate complement. Soluble
yeast β-(1 → 3);(1 → 6)-glucan and soluble barley β-(1 →
3);(1→ 4)-glucan bind to CR3 (iC3b receptors) in leukocytes
and primes to this receptor to enhance leukocyte mediated
cytotoxicity against tumor cells coated with iC3b [77]. Hong
et al. treated mice bearing Lewis lung carcinoma cells trans-
duced with human MUC1 (LL/2-MUC1) with anti-MUC1
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mAb. Treatment with oral barley or yeast β-(1 → 3)- glucan
and mAb elicited significantly enhanced tumor regression
compared with that mediated by mAb alone. By contrast,
neitherβ-(1→ 3)-glucan given orally alone or in combination
with anti-MUC1 mAb could promote tumor regression in C3-
deficient mice. The results indicated that β-(1 → 3)-glucan
promoted this activity through mouse NK cells that express
CR3 [77]. Li et al. designed the combination of yeast-derived
β-glucan with antitumor mAb. They demonstrated that the
combined immunotherapy was therapeutically effective
against human NSCLC cells NCI-H23, but this influence did
not find in human ovarian carcinoma cells SKOV-3 [78].
Zhong et al. investigated combined bevacizumab and β-
glucan therapy for human lung cancer using murine xenograft
model. They showed that in xenograft mouse model of human
lung adenocarcinoma expressing tumor surface vascular en-
dothelial growth factor (VEGF), intravenous administration of
yeast-derived β-glucan significantly enhanced the effect of
bevacizumab in inhibiting tumor growth and improving over-
all survival. Therefore, yeast-derived β-glucan augments
bevacizumab-mediated therapeutic efficacy against human
NSCLC tumors which express membrane-bound VEGF
[79]. Also, yeast-derived β-glucan supplementation signifi-
cantly reduced the number and weight of primary tumors
and the number of metastatic lung colonies in mice inoculated
with B16 melanoma cells [80]. Moreover, polysaccharides
can activate monocytes, macrophages, neutrophils, and NK
cells in the absence of antibodies via glucan receptors
(dectin-1 and CR3). Lo et al. showed that co-culture of irradi-
ated human lung adenocarcinoma A549 cells with the
branched α-(1 → 4)-glucan-activated THP-1 cells (a human
monocyte cell line) resulted in significant decrease in the per-
centage of viable A549 cells from 66 to 37% and also in-
creased levels of IL-8, RANTES and superoxide, and de-
creased levels of VEGF and angiogenin in THP-1 cells [81].
The results also indicated that combining radiotherapy with
branched α-(1 → 4)-glucan stimulated monocytes decreased
the viability of A549 lung cancer cells by stimulating inflam-
matory and cytotoxic responses [81]. Also, the effect of γ-
irradiated β-glucan in in vivo and in vitro models was shown
by Byun et al. showing that low-molecular-weight β-glucan
(LMBG) produced by γ-irradiation (50 kGy) more effectively
inhibited tumor growth and lung metastasis in comparison
with high-molecular-weight β-glucan (HMBG) in mice
injected with B16BL6 melanoma cells [82]. A recent study
showed that β-glucan affects the number of different
Myeloid-Derived Suppressor Cells (MDSC) subsets in the
tumor [83]. MDSCs are a heterogeneous population of imma-
ture myeloid cells that promote tumor progression. It has been
well documented that MDSC accumulates in different human
cancers such as the brain [84], head and neck [85], breast [86],
lung cancers [87] and others. Albeituni et al. demonstrated
that in-vivo treatment of mice bearing lewis lung carcinoma T
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and mammary cell carcinoma with particulate β-glucan de-
creased tumor weight and splenomegaly, and decreased the
accumulation of polymorphonuclear-MDSC but not
monocytic-MDSC in the spleen and within the tumor [83].

Clinical trials of β-glucan in lung cancer

A few clinical trials have studied the effect ofβ-glucans derived
from various sources in lung cancer patients (Table 1). Maitake
D-Fraction containingβ-(1→ 6)-glucan was shown to decrease
the size of a lung tumor in >60% of patients when it was com-
bined with chemotherapy in a clinical cohort comparing with
chemotherapy alone [88]. Ganoderma polysaccharides are β-
glucans derived from Ganoderma lucidum (Lingzhi, Reishi)
with an antitumor activity which enhance host immune re-
sponses in patients with advanced solid tumors. In an open-
label study performed by Gao et al. on patients with advanced
lung cancer, thirty-six patients were treated with 5.4 g/day
Ganopoly for 12 weeks and some cancer patients showed mark-
edly modulated immune functions including changes in IL-1,
IL-12 and NK activity [89]. These findings showed that sub-
groups of patients might be responsive to Ganopoly in combi-
nation with chemotherapy and/or radiotherapy. Also, another
trial was performed by Weinberg et al. on twenty patients with
advancedmalignancies (three of patients hadNSCLC) receiving
chemotherapy were given a β-(1→ 3)/(1→ 6)- D-glucan prep-
aration. This trial demonstrates that β-(1 → 3)/(1 → 6) - D-
glucan is very well-tolerated in patients with advanced cancers
receiving chemotherapy [90]. Moreover, in a study by Albeituni
et al. a particulate β-glucan extracted from Saccharomyces
cerevisiae was undertaken in patients with NSCLC that were
newly diagnosed and had not received any treatment. Particulate
β-glucan was administered orally 500 mg per dose for two
weeks and blood was withdrawn before and after treatment.
Particulateβ-glucan treatment significantly reduced the percent-
age of HLA-DR-CD14-CD33 + CD11b +MDSC in the periph-
eral blood of NSCLC patients when compared to the peripheral
blood samples obtained before the treatment [83]. These results
showed that particulate β-glucan may be a potent immunomod-
ulator of MDSCs suppressive function against cancer.

Conclusion and future directions

These results indicate that use of β-glucans derived from var-
ious sources can possess chemopreventive effects in experi-
mental models as well as in clinical subjects. However, it is
essential to investigate effect(s) of purified products of β-
glucans on immune cells with antitumor activities which
might cause tumor regression such as M2 macrophage and
regulatory T cells in animal model of lung cancer and in can-
cer patients. So far, only a few clinical trials have been

performed on assessing the effectiveness of purified β-
glucans in combination with anticancer drugs. These studies
had relatively small sample sizes and also generally did not
show promising results on cancer patients. Therefore, addi-
tional well-designed clinical trials are needed to verify the
actual clinical efficacy of β-glucans. Emerging evidence
shows the critical role of cancer stem cells (CSCs) in lung
tumor initiation, maintenance, drug resistance, metastasis,
and relapse, but to the best of our knowledge, the effect of
β-glucans on lung CSCs have not been studied yet, which is
likely a good subject for future studies.
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