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Abstract. 5-glucans are well-established immunomodulators
with strong effects resulting in slowing or even inhibiting
cancer growth. Recent studies have repeatedly suggested that
the biological activities of 5-glucan can be potentiated by the
addition of other bioactive agents. In the current study, we
focused on the anticancer effects of a combination of yeast-
derived 3-glucan and a selenium-linked pseudodisaccharide.
Using three different models of murine cancer, we showed
that this combination strongly suppressed the growth of all
three types of cancers, most likely via the interaction with
natural anticancer antibodies.

Glucans are natural molecules belonging to the cless of
biological response modifiers. The most common resources
are cell walls of yeast, fungi and seaweed. After original
findings of glucan involvement in reduction of infection (1),
it was later shown that glucans influence non-specific
immunity via effects on macrophages, neutrophils and
dendritic cells (for review see 2). Later studies demonstrated
significant effects on nitric oxide formation (3) and bone
marrow restoration (4). Most attention, however, focused on
possible glucan-mediated inhibition of cancer. Numerous
reports showing positive effects of glucan (5) led up to pre-
clinical and clinical trials (6) and, currently, the use of
lentinan as a drug in Japanese medicine (7).

With significant immunopotentiating effects of glucan
already established, the new search focused on the possibility
to further improve already documented biological activities
of individual glucans. In fish models, glucan activity was
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found to be improved by addition of vitamin C (8, 9).
Synergistic effects with glucan were also found in cases of
trans-3.,4° ,5-trihydroxystilbene (resveratrol), which is a non-
flavonoid polyphenol found in various fruits and vegetables
(10). Resveratrol has significant anticancer effects alone (11)
that were significantly improved by the addition of glucan
and vitamin C (12).

Selenium (Se) is a potent micronutrient important for various
facets of mammalian health, including optimal immune
response. Supplementation with Se increased phagocytosis in
sheep (13) and improved activity of natural killer cells in elderly
humans (14). In addition, food supplementation with selenium
nanoparticles restored blood cells in mice exposed to irradiation
(15). Several studies have found that Se-supplementation
decreased the risk of colorectal carcinomas (16). Among the
suggested mechanisms are antioxidant protection of DNA,
stronger carcinogen detoxification, reduction of angiogenesis or
stimulation of lymphocyte activity (17, 18).

Interesting findings were obtained when addition of high-
Se yeast (commercially produced Se-enriched baker’s yeast)
was tested on cancer incidence. The National Prevention of
Cancer Trial suggested a decrease of the risk of colorectal,
lung and prostate cancer (for review see 19). An additional
report showed that the predominant form of Se in these
products is selenomethionine (20). Together with
improvements of glucan effects by the addition of other
immunoactive molecules, these facts led us to the study of a
possible synergy between glucan and selenium. To achieve
this, seleno-pseudodisaccharide derivative (hereinafter
referred to as selenide or Se) and yeast-derived 3-glucan
were used. As this particular glucan was already shown to
have significant immunological activity (21), we used three
different cancer models to evaluate the possible effects of
this combination (hereinafter referred to as Glucan/Se). One
model uses mouse breast cancer cell line, the second model
evaluates the growth of lung cancer cells. The third
experimental model is focused on the role of monoclonal
anticancer antibodies.
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Materials and Methods

Animals. Female, 8-week-old BALB/c mice (110 in total) were
purchased from the Jackson Laboratory (Bar Harbor, ME, USA).
All animal work was done according to the University of Louisville
TACUC protocol. Animals were sacrificed by CO, asphyxiation.

Materials. RPMI 1640 medium, glutamine, antibiotics, Limulus
lysate test E-TOXATE, polymyxin B and cyclophosphamide were
obtained from Sigma Chemical Co. (St. Louis, MO, USA), fetal calf
serum (FCS) was from Hyclone Laboratories (Logan, UT, USA).
Purified 14G,, IgG,, anti-Gp, mAbs (22) were provided by Dr.
Talph A. Reisfeld (Research Institute of Scripps Clinic, La Jolla,
CA, USA). Control antibodies of the same isotype were purchased
from Sigma. Glucan used in this study is an insoluble b-glucan
(62.0% pure) isolated from Saccharomyces cerevisiae (Biorigin, Sdo
Paulo, Brazil). Insoluble selenium-linked pseudodisaccharide is a
10.65% “organic selenium” from a sugar selenide process synthesis
(USP, Brazil). The doses used in this study were 200 pug of glucan
and 50 pg of selenide.

Cells. The Lewis lung carcinoma cells were obtained from Dr. G.
Ross (University of Louisville, Louisville, KY, USA) and were
cultivated as described in Kogan et al. (23). The BALB/c mouse-
derived mammary tumor cell line Ptas64 was generously provided by
Dr. Wei-Zen Wei of the Michigan Cancer Foundation, Wayne State
University, Detroit, MI, USA. RMA-S-MUC-1 cells were donated by
Drs. O. Finn (Pittburgh Cancer Center Institute, Pittsburgh, PA, USA)
and J. Yan (University of Louisville). The human breast cancer cell
line ZR-75-1 was purchased from ATCC (Manassas, VA, USA).
These cells were maintained in RPMI 1640 medium supplemented
with 10% FCS, 2 mM glutamine and antibiotics.

Lewis lung carcinoma therapy. Mice were injected intramuscularly
(i.m.) with 5x10° of Lewis lung carcinoma cells. Cyclophosphamide
(150 mg/kg) was used intraperitoneally (i.p.) at day 10 after tumor
application. Glucan was used orally from day O to day 14 after tumor
application. The control group of mice received daily i.p. PBS. Each
group held a minimum of 5 mice. At the conclusion of the
experiment, mice were euthanized and lungs were removed, fixed in
10% formalin and the number of hematogenic metastases in lung
tissue was estimated using a binocular lens at x8 magnification.

Tumor inhibition in vivo. Mice were injected directly into the
mammary fat pads with 1x109mouse of Ptas64 cells in PBS. The
experimental treatment begun after palpable tumors were found
(usually 14 days after injection of cells) and after mice were
assigned to experimental groups. Experimental treatment was
achieved by two weeks of daily oral treatment. After treatment, the
mice were sacrificed, tumors removed and weighed (24).

Effect of monoclonal antibodies (mAbs). Evaluation of the effect of
Glucan/Se, used simultaneously with anticancer mAbs, was tested
as described by Hong et al. (25). Mice were implanted
subcutaneously (s.c.) with RMA-S cells and, after 10 days, treated
with the glucan/SE sample given orally and 14.G,, anti-Gp,
ganglioside antibodies. Tumor size and diameters were measured at
various intervals (14, 21 and 28 days).

Statistics. The student’s t-test was used to statistically analyze the data.
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Figure 1. Effects of addition of different doses of the glucan-selenium-
linked pseudodisaccharide combinations to the cultures of ZR-75-1 cell
line cultivated in the presence of fetal calf serum. All experiments were
performed in triplicates; results are given as mean+SD.

Results

The effects of the combination of glucan with the selenide
have not been yet described. Therefore, we incubated the
human cell line ZR-75-1 with different doses of the tested
material either in medium enhanced with fetal calf serum or
in medium without serum. Data shown in Figure 1 show no
stimulating or inhibiting effects of Glucan/Se on the growth
of breast cancer cells in the presence of fetal calf serum.
When cultured in serum-free conditions, no stimulation of
proliferation was observed (Figure 2). In addition, similar
experiments were performed with the H209 human lung
cancer cell line H209 with identical results.

In the next step, we focused on the role of the tested
combination in cancer development. First, we used mice
challenged with the Ptas64 mammary cancer cells. These
experiments were repeated three times and once with LPS-
free material. Our results showed a significant reduction of
tumor growth (Figure 3). As the LPS-free experiment
showed the same lowering of tumor size (data not shown),
we used normal material in all subsequent experiments.
Using a model of Lewis lung carcinoma cells, we found a
strong 63% reduction of the number of lung metastases in
comparison to the control group (Figure 4).

Previous research has shown that the therapeutic effects of
glucans are stronger in the presence of naturally-occurring
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Figure 2. Effects of addition of different doses of the glucan-selenium-
linked pseudodisaccharide combinations to the cultures of ZR-75-1 cell
line cultivated in serum-free conditions. All experiments were performed
in triplicates. *Each value represents the mean+SD and samples at
p=<0.05 level.

antitumor antibodies. We decided to test this possibility and
used the same experimental design originally developed for
yeast-derived glucan (26). The RMA-S-MUCI cells express
high surface density of GD2 ganglioside. As the formation
of natural antibodies has been observed after RMA-S-MUC-
1 cell implantation (26), it is not surprising that Glucan/Se
showed an inhibitory activity even when used alone.
However, the combined treatment with Glucan/Se and
specific anti-GD2 monoclonal antibody 14.G,, was more
effective (Figure 5). The antibody alone had no measurable
effects, similar to the effects of the control antibody of the
same isotype.

Discussion

Biological immunomodulators usually offer systemic effects
without clearly defined mechanisms. In this investigation, we
focused on the hypothesis that a Glucan/Se combination
might offer higher cancer-inhibiting effects than the
individual molecules. For our study, we chose three different
models of cancer growth — breast cancer, lung cancer, and
effects of monoclonal antibodies on cancer growth.

The doses used in this study, 200 ug of glucan and 50 ug of
selenide, were based on previously published studies (12, 27).
Glucans are not only well-established immunomodulators but,
with more than 10,000 published studies, also the most-
studied modulators. Their biological activities cover a wide
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Figure 3. Therapy of Balb/c mice with Ptas64 mammary carcinoma.
Data from three independent experiments are shown. For each
experiment, groups of mice were tested for a response to therapy as
indicated by the weight of tumors after two weeks of therapy. For each
experiment, individual groups were treated orally. The control group
(612.7+41.5) of mice received PBS. *Each value represents the
mean+SD and samples at p<0.05 level. All experiments were performed
in triplicates.

30
25
20
15 -

10

Number of lung metastases

PBS Glucan/Se

Figure 4. Effect of tested substances on lung cancer growth in
cyclophosphamide-treated mice. Cyclophosphamide (30 mglkg) was
injected into mice on day 8 of the inoculation of 1x10° tumor cells,
followed by daily oral doses of individual substances starting 48 h after
injection of CY. *Each value represents the mean+SD and samples at
p=<0.05 level. All experiments were performed in triplicate.

range on biological reactions from cholesterol and blood sugar
modulations, stress reduction (28), anti-infectious defense,
wound healing support or anticancer effects (29). However, the
already substantial activities can be improved by the addition
of various biological molecules including vitamin C (8) or
humic acid (30).

Selenium supplementation has significant health
applications. Its deficiency was observed in numerous
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Figure 5. Combined use of glucan-selenium-linked pseudodisaccharide combination with specific anti-GD2 monoclonal antibodies as treatment of
RMA-S-MUCI cancer cells transplanted into C57BI/6 mice. *Each value represents the mean+SD and samples at p<0.05 level. All experiments

were performed in triplicate.

pathological states, which can be changed by addition to
food. In addition, its supplementation to food often showed
direct beneficial effects. Various versions of selenium-based
compounds were found to affect morphology and phagocytic
ability of granulocytes (31), ameliorate arthritis in both
mouse and rats (27) and reduce splenic immunosuppressive
cells (32). In addition, biogenic selenide had
immunostimulatory effects in breast cancer studies (33). For
our study, we used a well-known glucan combined with an
active selenide, which belongs to a category of compounds
recently described (34). These kinds of compounds have
been reported to have interesting biological properties, such
as inhibition of melanin synthesis in melan-A cancer cells
(34) and to regulate peroxidase-mediated damage at sites of
inflammation (35).

The possibilities of how immunomodulators can influence
cancer growth are numerous. Previous studies repeatedly
showed both in vitro and in vivo inhibition of mouse and
human breast cancer cell growth after glucan application
(24). In order to better evaluate the possible effects of our
combination, we used three different models of murine
cancer. The first two employed either breast or lung cancer
cells. In both cases, the combination of glucan with
selenium-linked pseudodisaccharide offered stronger
inhibition than individual components. The results are most

6942

probably a consequence of the combination of NK cell
activation caused by glucan and by induction of IFN-y and
IL-12 secretion caused by the selenide (33).

The third cancer model was based on findings that the
therapeutic effects of glucan can be improved by anticancer
antibodies. Using a model of RMA-S-MUCI cells with a
high membrane density of Gp, ganglioside and
corresponding 14.G,, monoclonal antibodies, we found a
significant tumor regression. We did not only confirm the
model introduced by Hong et al. (26) but again demonstrated
that Glucan/Se caused significantly stronger effects. The
requirement for natural anti-cancer antibodies for glucan
therapy has been repeatedly described (6, 25).

In conclusion, the present investigation suggests a
therapeutic efficacy of glucan in combination with selenide.
However, additional studies are required to elucidate the real
role of each actively involved compound. In addition, our
findings revealed that, when this combination is used
together with antitumor antibodies, the tumor regression is
stronger. This is lined-up with the current hypothesis
suggesting the possibility of using glucan for vaccine
preparation where glucan addition would help generate
specific anti-tumor antibodies (36). Studies attempting to
reveal the exact biological mechanisms of the effects
described in our study are currently in progress.



Vetvicka et al: Therapeutic Efficacy of Glucan in Combination with Selenide

Acknowledgements

A.A. Dos Santos is grateful to the financial and structural support
offered by the University of Sdo Paulo through the NAP-CatSinQ
(Research Core in Catalysis and Chemical Synthesis), FAPESP,
CAPES and CNPq for financial support. M.F.P. Botelho acknowledges
CNPq for scholarship (Process number 141779/2014-4).

Conflicts of Interests

No conflicts of interests exist for the authors.
References

1 Bowers GJ, Patchen ML, MacVittie TJ, Hirsch EF and Fink MP:
Glucan enhances survival in an intraabdominal infection model.
J Surg Res 47: 183-188, 1989

2 Novak M and Vetvicka V: Beta-glucans, history, and the present:
immunomodulatory aspects and mechanisms of action. J
Immunotoxicol 5: 47-57, 2008.

3 Ohno N, Egawa Y, Hashimoto T, Adachi Y and Yadomae T:
Effect of beta-glucans on the nitric oxide synthesis by peritoneal
macrophage in mice. Biol Pharm Bull 79: 608-612, 1996.

4 Patchen ML, Brook I, Elliott TB and Jackson WE: Adverse
effects of pefloxacin in irradiated C3H/HeN mice: Correction
with glucan therapy. Antimicrob Agents Chemother 37: 1882-
1889, 1993.

5 Abe S, Takahashi K, Yamazaki M and Mizyno D: Complete
regression of Lewis lung carcinoma by cyclophosphamide in
combination with immunomodulators. Gann 76: 626-630, 1985.

6 Yan J: B-Glucan-mediated tumor immunotherapy — mechanism
of action and perspective. In: Novak M, Vetvicka V: Biology and
Chemistry of Beta Glucan, Bentham Science, New York, pp. 39-
47,2011.

7 Shimizu K, Watanabe S, Watanabe S, Matsuda K, Suga T,
Nakazawa S and Shiratori K: Efficacy of oral administered
superfine dispersed lentinan for advanced pancreatic cancer.
Hepato-Gastroenterology 56: 240-244, 2009.

8 Verlhac V, Gabaudan J, Obach A, Schuep W and Hole R:
Influence of dietary glucan and vitamin C on non-specific and
specific immune responses of rainbow trout (Orchorhynchus
mykiss). Aquaculture /43: 123-133, 1996.

9 Vetvicka V, Vannucci L and Sima P: The effects of beta-glucan
on fish immunity. N Am J Med 5: 580-588, 2013.

10 Vetvicka V, Volny T, Saraswat-Ohri S, Vashishta A, Vancikova Z
and Vetvickova J: Glucan and resveratrol complex — possible
synergistic effects on immune system. Biomed Pap /51: 41-46,
2007.

11 Jang M, Cai L, Udeani GO, Slowing KV, Thomas CF, Beecher
CWW, Fong HHS, Farndworth NR, Kinghorn AD, Mehta RG,
Moon RC and Pezzuto JM: Cancer chemopreventive activity of
resveratrol, a natural product derived from grapes. Science 275:
218-220, 1997.

12 Vetvicka V, Vetvickova J: Combination of glucan, resveratrol and
vitamin C demonstrates strong anti-tumor potential. Anticancer
Res 32: 81-88, 2012.

13 Milad K, Racz O, Sipulova A, Bajova V and Kovac G: Effects
of vitamin E and selenium on blood glutathione peroxidase
activity and some immunological parameters in sheep. Vet Med

46: 1-5,2001.

14 Ravaglia G, Forti P, Maioli F, Bastagli L, Faccghini A, Mariani
E, Savarino L, Sassi S, Cucinotta D and Lenaz G: Effects of
micronutrient status on natural killer cell immune function in
healthy free-living subjects aged =90y. Am J Clin Nutr 77: 590-
598, 2000.

15 Yazdi MH, Masoudifar M, Varastehmoradi B, Mohammadi E,
Kheradmand E, Hamayouni S and Sharverdi AR: Effect of oral
supplementation of biogenic selenium nanoparticles on white
blood cell profile of BALB/c mice and mice exposed to X-ray
radiation. Avicenna J Med Biotechnol 5: 158-167, 2013.

16 Reid ME, Duffield-Lilico AJ, Sunga A, Fakih M, Alberts DS and
Marshall JR: Selenium supplementation and colorectal
adenomas: An analysis of the nutritional prevention of cancer
trial. Int J Cancer 718: 1777-1781, 2006.

17 Hoffmann PR and Berry MJ: The influence of selenium on
immune response. Mol Nutr Food Res 52: 1273-1280, 2008.

18 Ryan-Harshman M and Aldoori W: The relevance of selenium
to immunity, cancer, and infections/inflammatory diseases. Can
J Diet Practice Res 66: 98-102, 2005.

19 Combs GF: Status of selenium in prostate cancer prevention. Br
J Cancer 91: 195-199, 2004.

20 Ip, C, Thompson HJ, Shu Z and Ganther HE: In vitro and in vivo
studies of methylselenic acid: evidence that a monomethylated
selenium metabolite is critical for cancer chemoprevention.
Cancer Res 60: 2882-2886, 2000.

21 Vetvicka V and Oliveira C: B(1-3)(1-60-D-glucans modulate
immune status and blood glucose levels in dogs. Br J
Pharmaceut Res 4: 981-991, 2014.

22 Hank JA, Robinson RR, Surfus J, Mueller BM, Reisfeld RA,
Cheung N-K and Sondel PM: Augmentation of antibody
dependent cell mediated cytotoxicity following in vivo therapy
with recombinant interleukin 2. Cancer Res 50: 5234-5239,
1990.

23 Kogan G, Sandula J, Korolenko TA, Dalameeva OV, Poteryaeva
ON, Zhanaeva, SY, Levina OA, Filatova TG and Kaledin VI:
Increased efficiency of Lewis lung carcinoma chemotherapy with
a macrophage stimulator-yeast carboxymethyl glucan. Int
Immunopharmacol 2: 775-781, 2002.

24 Vetvicka V and Yvin J-C: Effects of marine 3-1,3 glucan on
immune reactions. Int Immunopharmacol 4: 721-730, 2004.

25 Hong F, Yan J, Baran JT, Allendorf DJ, Hansen RD, Ostroff GR,
Xing PX, Cheung NK and Ross GD: Mechanisms by which
orally administered beta-1,3-glucans enhance the tumoricidal
activity of antitumor monoclonal antibodies in murine tumor
models. J Immunol /73: 797-806, 2004.

26 Hong F, Hansen RD, Yan J, Allendorf DJ, Baran JT, Ostroff GR
and Ross GD: -Glucan functions as an adjuvant for monoclonal
antibody immunotherapy by recruiting tumoricidal granulocytes
as killer cells. Cancer Res 63: 9023-9031, 2003.

27 Vieira AT, Silveira KD, Arruda MCC, Fagundes CT, Concalves
JL, Silva TA, Neves MJ, Menezes MABC, Nicoli JR, Teixeira
MM and Martins FS: Treatment with Selemax, a selenium-
enriched yeast, ameliorates experimental arthritis in rats and
mice. Br J Nutr /08: 1829-1838, 2012.

28 Wei D, Williams DL and Browder IW: Glucan stimulates human
dermal fibroblast collagen biosynthesis through a nuclear factor-
1 dependent mechanism. Wound Rep /0: 161-166, 2002.

29 Vetvicka V: [-Glucans as Natural Biological Response
Modifiers. Nova Biomedical, New York, 2013.

6943



ANTICANCER RESEARCH 34: 6939-6944 (2014)

30 Vetvicka V, Baigorri Z, Zamarreno AM, Garcia-Mina JM and
Yvin J-C: Glucan and humic acids: synergistic effects on the
immune system. ] Med Food /3: 863-869, 2010.

31 Musik I, Kielczykowska M and Donica H: The influence of
selenium compounds of different structure on morphology, blood
biochemistry and phagocytic capability of granulocytes in rats.
Rocz Panstw Zakl Hig 64: 117-122, 2013.

32 Wang H, Chan YL, Li TL, Bauer BA, Hsia S, Wang CH, Huang
JS, Wang HM, Yeh KY, Huang TH, Wu GJ and Wu CJ:
Reduction of splenic immunosuppressive cells and enhancement
of anti-tumor immunity by synergy of fish oil and selenium
yeast. Plos One 8: €52912, 2013.

33 Yazdi MH, Mahdavi M, Varadtehmoradi B, Faramarzi MA and
Shahverdi AR: The immunostimulatory effect of biogenic
selenium nanoparticles on the 4T1 breast cancer model: an in
vivo study. Biol Trace Elem Res 749: 22-28,2012.

6944

34 Affeldt RF, Braga HC, Baldassari LL and Ludtke DS: Synthesis
of selenium-linked neoglycoconjugates and pseudodisaccharides.
Tetrahedron 68: 10470-10475, 2012.

35 Storkey C, Pattison DI, White JM, Schiesser CH and Davies MJ:
Preventing protein oxidation with sugars: scavenging of
hypohalous acids by 5-selenopyranose and 4-selenofuranose
derivates. Chem Res Toxicol 25: 2589-2599, 2012.

36 Johnson P and Glennie M: The mechanisms of action of
rituximab in the elimination of tumor cells. Semin Oncol 30: 3-
8,2003.

Received August 6, 2014
Revised September 9, 2014
Accepted September 15, 2014



