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Abstract: The aim of present study was to determine the in vitro Res (resveratrol) anticancer raising effects of LNT 
(lentinan) in SW579 human thyroid squamous cell carcinoma. By MTT assay, the no toxicity concentration of Res 
(10 µg/mL) in Nthy-ori 3-1 normal cells or SW579 cancer cells and no toxicity concentration of LNT (100 and 200 
µg/mL) in Nthy-ori 3-1 normal cells were found. LNT-L (100 µg/mL) and LNT-H (200 µg/mL) showed the strong 
growth inhibitory effects in SW579 cells, and Res could raise growth inhibitory effects both of LNT-L and LNT-H 
treatment. By flow cytometry assay, the Res + LNT-H (10 µg/m Res and 200 µg/mL LNT) treat SW579 cells had the 
most apoptosis cells, and after additional treated with Res, the apoptosis cells would be increased. By RT-PCR, the 
results showed that LNT could increase caspase-3, caspase-8, caspase-9, Bax, p53, p21, IκB-α, Fas, FasL, TIMP-1, 
TIMP-2 and decrease Bcl-2, Bcl-xL, NF-κB, EGF, EGFR, VEGF, Fit-1, MMP-2, MMP-9 mRNA expressions. The no effect 
low concentration of Res could raise the in vitro anticancer effects of LNT in SW579 cells, Res is a good sensitizing 
agent for LNT. 
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Introduction

With the further development of molecular biol-
ogy, people have gradually realized that poly-
saccharide has very important biological func-
tions. Polysaccharides are closed related to the 
regulation of immune functions, the recognition 
among cells, transcellular transport, the diag-
nosis and treatment of cancer [1]. In recent 
years, researchers have found that the carbo-
hydrate chain of polysaccharide can control the 
division and differentiation of cells, and regu-
late the growth and aging of cells [2]. Lentinane 
is one kind of fungi polysaccharide. As early as 
the 1960s, lentinan, as a high-quality immune 
promoter, was received wide attention and 
given a lot of researches. Researches have 
shown that lentinan has such functions as 
immunomodulation, antitumor, antiviral and 
anti-infection, etc [3-5].

The immunoregulatory activity of lentinan is 
vital for it to fight against cancer. Studies have 
found that the reason why lentinan can fight 

against cancer cells and regulate immunity is 
because it can activate many immune cells 
such as T cells, natural killer cells and macro-
phages to increase immune cells’ phagocyto-
sis, so as to kill cancer cells in human’s body, it 
can also kill migrated cancer cells. Lentinan 
can also regulate immune cells to release cell 
messengers such as co-stimulating factors [6]. 
Hou et al. [7] found lentinan can stimulate 
immune system to inhibit and antagonize the 
growth of cancer cells by increasing the amount 
of nitric oxide and other chemical messengers. 
In addition, lentinan can also enhance immune 
response of cancer cells in the human body, to 
combat against cancer by activating the specif-
ic reaction of cancers.

Resveratrol is a kind of polyphenol compound, 
mainly originating from peanut, grape (red 
wine), Polygonum cuspidatum, mulberry and 
other plants. Resveratrol is a kind of natural 
polyphenol with extensive biological functions, 
and a cancer chemopreventive agent, which 
can also reduce platelet aggregation, prevent 
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against and treat atherosclerosis, cardiovascu-
lar and cerebrovascular diseases [8]. In-depth 
research had found that resveratrol can change 
cell cycle, and influence the expression of apop-
tosis-related genes [9]. Fang et al. found that 
resveratrol can enhance the sensitizing effect 
of prostate cancer cell line PC-3 in vitro [10].

Cancer inhibitors exist in various plants, and 
have very good effect on human cancer preven-
tion. These cancer inhibitors which come from 
natural plants are safe with low toxicity, and 
can reduce the pain of patients in treatment 
[11]. But the activity of many cancer inhibitors 
existing in natural plants is lower than that of 
synthetic drugs, and the combination of differ-
ent natural cancer inhibiting substances can 
improve the treatment effect of cancer, so find-
ing out a reasonable combination becomes the 
most important thing to improve the anti-can-
cer effect of natural substances. This study 
aims at finding out a new anti-cancer substance 
combination based on the researches that res-
veratrol can enhance anti-cancer treatment 
effect of lentinan in vitro, and verifying the 
treatment effect of the combined substances 
through the researches on the effect of com-
bined resveratrol and lentinan on the inhibition 
of the growth of thyroid cancer cells, apoptosis 
induction and the conditions of cancer related 
genes in vitro, so as to provide theoretical basis 
for further animal experiment and clinical 
application.

Materials and methods

Cell line

Nthy-ori 3-1 normal human thyroid follicular 
epithelial cell was obtained from Health Pro- 
tection Agency Culture Collections (HPACC; 
Porton Down, Salisbury, Wiltshire, UK) and 
SW579 human thyroid squamous cell carcino-
ma was obtained from Conservation Genetics 
CAS Kunming Cell Bank (Kunming, Guangxi, 
China).

MTT assay 

Inoculate SW579 cancer cells in DMEM culture 
solutions containing 10% of inactivated calf 
serum, place it into incubator under fully humid-
ification at 37°C with 5% of CO2, replace culture 
medium 2 to 3 times a week, and secondarily 
culture cells every 6 to 7 d. Then in ulate cul-

tured cancer cells onto 96-well culture plate by 
1 × 104/mL, with 180 μL per well. Then culti-
vate it at 37°C with 5% of CO2 under fully 
humidification for 24 h. when cells adhere to 
walls, add 20 μL of resveratrol or lentinan solu-
tion into each well, after 48 hours of cultivating, 
add 20 μL of MTT regent in each well (with a 
concentration of 5 mg/mL) to cultivate it for 4 
hours. Afterwards, drain away the supernate in 
the well after cultivating ends, shake culture 
plate after adding 150 μL of DMSO into each 
well for 30 minutes, at last, measure the diam-
eter of each well under 540 nm wavelength by 
standard microplate reader and calculate cel-
lular proliferation inhibition rates [12].

Flow cytometry

Use dbcAMP to treat cancer cells cultured for 
24 h, add 0.25% of pancreatic enzymes to 
digest and detach cells, when cells fall off, add 
in culture medium containing serum to neutral-
ize the effect of pancreatic enzyme, then centri-
fuge it for 5 min, drain away the supernate and 
collect sediments, which will be cleaned with 
PBS, and fixed by 75% of ethanol later. Adjust 
the concentration of the cancer cells to 5 × 
105/mL, after washing it with PBS for three 
times, add in PBS, RNase and Triton which all 
contain EB (ethidium bromide), incubate them 
at 4°C in dark for 30 minutes, then test and 
detect them by flow cytometry [13].

RT-PCR assay

Prepare total RNAs of cancer cells under the 
same conditions by using RNAzol reagents. 
After the quantitative separation of RNA, use 
oligodT as primer to prepare ss cDNA by AMV 
reverse transcriptase and then use cDNA as 
template to amplify Bax gene by RT-PCR meth-
od with housekeeping gene GAPDH as internal 
reference. After the experiment ends, use aga-
rose gel (containing 1% ethidium bromide) to 
check the PCR amplification products [14].

Statistical analysis

The in vitro experiments were presented as 
mean ± standard deviation (SD). Differences 
between the mean values for individual groups 
were assessed with one-way analysis of vari-
ance (ANOVA) with Duncan’s multiple range 
test using SAS version 9.2 (SAS Institute Inc., 
Cary, NC, USA) [14]. 



Resveratrol raises anticancer effects of lentinan

20779	 Int J Clin Exp Med 2016;9(11):20777-20789

Results

The growth of resveratrol and lentinan in Nthy-
ori 3-1 and SW579 cells

The growth of resveratrol (Res) and lentinan 
(LNT) in Nthy-ori 3-1 and SW579 cells were 
determined by MTT assay (Figures 1 and 2). At 
the concentration of 0-10 µl/mL, Res could not 
reduce the growth in Nthy-ori 3-1 or SW579 
cells, these concentration hadn’t toxicity in nor-
mal or cancer cells (Figure 1). LNT could reduce 
the growth in SW579 cancer cells depend on 
the concentration of 0-200 µl/mL, but LNT 
could not reduce the growth in Nthy-ori 3-1 nor-
mal cells in these concentrations, 0-200 µl/mL 
of LNT had only effects in cancer cells. Base on 
this results, 10 µl/mL of Res was chose as 
enhancement concentration for increasing LNT 
anticancer effect determination, and 100, 200 

µl/mL were chose for LNT anticancer effects 
checking (Figure 2).

By the further MTT results, no sample treated 
SW579 cancer cells showed the OD540 value at 
0.462 (Table 1), LNT-L (100 µg/mL lentinan), 
Res + LNT-L (10 µg/mL resveratrol + 100 µg/
mL lentinan), LNT-H (200 µg/mL lentinan) and 
Res + LNT-H (10 µg/mL resveratrol + 200 µg/
mL lentinan) treatments could reduce the OD540 
value compared to the control cells. Res (10 
µg/mL) additional treatment could raise the 
growth inhibitory rate compared to the same 
concentration of LNT.  

DNA content of sub-G1 SW579 cells 

By the flow cytometer assay, the results showed 
that control cells has the fewer apoptotic 
SW579 cancer cells (3.1±0.6% DNA content of 

Figure 1. Effect of resveratrol on the growth of Nthy-ori 3-1 normal human thyroid follicular epithelial cell (A) and 
SW579 human thyroid squamous cell carcinoma (B) by MTT assay.

Figure 2. Effect of lentinan on the growth of Nthy-ori 3-1 normal human thyroid follicular epithelial cell (A) and 
SW579 human thyroid squamous cell carcinoma (B) by MTT assay.
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sub-G1), 100 and 200 µg/mL LNT have more 
apoptotic SW579 cancer cells (16.3±0.9% and 
34.2±2.1% DNA content of sub-G1), after addi-
tional treatment by 10 µg/mL Res, the apop-
totic SW579 cancer cells of 100 and 200 µg/
mL LNT were raise at 26.4±2.9% and 41.9±3.5% 
(Figure 3). 

mRNA gene expression of caspases

The mRNA expression of caspase-3, caspase-8 
and caspase-9 in SW579 cancer cells were 
determined by RT-PCR assay (Figure 4). The 
control cells had the weakest caspase-3, cas-

pase-8 and caspase-9 expressions, 100 (1.19, 
1.60 and 1.32 folds over control) and 200 µg/
mL (2.10, 1.98 and 2.27 folds over control) LNT 
treated cells showed the higher expression 
than control cells, 10 µg/mL Res additional 
treatment for 100 (1.73, 1.74 and 1.81 folds 
over control) and 200 µg/mL (2.39, 2.31  
and 2.51 folds over control) LNT could increa- 
se the caspase-3, caspase-8 and caspase-9 
expressions. 

mRNA gene expression of Bax, Bcl-2 and Bcl-
xL

The Bax mRNA expression of LNT-L, Res + LNT-
L, LNT-H and Res + LNT-H treated SW579 can-
cer cells were 1.66, 2.47, 2.66 and 3.24 folds 
over control cells (Figure 5). Bcl-2 and Bcl-xL 
expression of LNT-L, Res + LNT-L, LNT-H and 
Res + LNT-H treatment were lower than no 
treatment (control), and Res + LNT-H showed 
the lowest expressions (0.29 and 0.03 folds 
over control). 

mRNA gene expression of p53 and p21

The Res + LNT-H treated SW579 cancer cells 
had the strongest p53 and p21expressions 
(3.78 and 3.33 folds over control), these ex- 
pressions of Res additional treatment (Res + 
LNT-L and Res + LNT-H) were both higher than 
the same concentrations of LNT (LNT-L and 
LNT-H) (Figure 6).

mRNA gene expression of NF-κB and IκB-α

The mRNA gene expression of NF-κB in LNT-L, 
Res + LNT-L, LNT-H and Res + LNT-H treat 
SW579 cancer cells were 0.66, 0.58, 0.47 and 
0.33 folds over control cells respectively (Figure 
7). And IκB-α expression of in these group cells 
were 1.21, 1.68, 1.72 and 2.98 folds over con-
trol cells respectively. 

mRNA gene expression of EGF and EGFR

The EGF and EGFR mRNA gene expression of 
Res + LNT-L (0.13 and 0.35 folds over control) 
and Res + LNT-H (0.02 and 0.09 folds over con-
trol) treated SW579 cancer cells were lower 
than LNT-L (0.18 and 0.65 folds over control) 
and LNT-H (0.06 and 0.22 folds over control) 
treated SW579 cells, and EGF and EGFR 
expression in groups cells were all lower than 
control group (Figure 8).  

Table 1. Growth inhibition of SW579 human 
thyroid squamous cell carcinoma by resveratrol 
and lentinan by an MTT assay

Treatment OD540 value Inhibitory rate (%)

Control (untreated) 0.462±0.004a /
LNT-L 0.383±0.010b 17.1±1.9D

Res + LNT-L 0.302±0.013c 34.6±2.4C

LNT-H 0.218±0.009d 52.8±3.2B

Res + LNT-H 0.103±0.008e 77.7±2.7A

a-e, A-DMean values with different letters in the same column 
are significantly different (P<0.05) according to Duncan’s 
multiple-range test. LNT-L: 100 µg/mL lentinan; Res + LNT-L: 
10 µg/mL resveratrol + 100 µg/mL lentinan; LNT-H: 200 µg/
mL lentinan; Res + LNT-H: 10 µg/mL resveratrol + 200 µg/
mL lentinan.

Figure 3. The apoptotic cells (DNA content of sub-G1) 
of SW579 human thyroid squamous cell carcinoma 
was evaluated using a flow cytometer. a-e. Mean 
values with different letters over the bars are sig-
nificantly different (P<0.05) according to Duncan’s 
multiple-range test. LNT-L: 100 µg/mL lentinan; Res 
+ LNT-L: 10 µg/mL resveratrol + 100 µg/mL lentinan; 
LNT-H: 200 µg/mL lentinan; Res + LNT-H: 10 µg/mL 
resveratrol + 200 µg/mL lentinan.
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mRNA gene expression of VEGF and Fit-1

The Res + LNT-H treatment could reduce the 
VEGF and Fit-1 expression to 0.02 and 0.06 
folds over control (Figure 9), these expressions 
were lower than other groups, and after addi-
tional treated with Res (10 µg/mL), both LNT-L 
and LNT-H treated cells had the lower VEGF 
and Fit-1 expression than only LNT-L and LNT-H 
treated cells.

mRNA gene expression of Fas and FasL

The Fas and FasL gene expressions in LNT-L 
(2.61 and 1.60 folds over control) and LNT-H 
(5.08 and 2.66 folds over control) treatment 
groups were stronger than control group (Figure 
10). And Res + LNT-L (3.36 and 2.00 folds over 
control) and Res + LNT-H (5.40 and 3.16 folds 
over control) treatment could raise Fas and 
FasL expressions compared to LNT-L and 
LNT-H treatment. 

mRNA gene expression of MMP-2 and MMP-9

After treated with LNT, the MMP-2 and MMP-9 
were decreased compared to the control cells 
(Figure 11). And the Res could raise of MMP-2 
and MMP-9 expression decreasing of LNT treat-
ment, and Res + LNT-H showed the lowest 
MMP-2 (0.21 folds over control) and MMP-9 
(0.40 folds over control) expression.  

mRNA gene expression of TIMP-1 and TIMP-2

Res + LNT-H treated cells had the strongest 
TIMP-1 and TIMP-2 expressions (3.92 and 3.12 
folds over control), and these expression in Res 
+ LNT-L treated cells (2.21 and 1.87 folds over 
control) were stronger than only LNT-L treated 
cells (1.22 and 1.38 folds over control) and 
control cells (Figure 12).

Discussion

Cancer cell apoptosis plays an important role in 
the occurrence and development of cancer, 

Figure 4. The mRNA expression of caspase-3, caspase-8 and caspase-9 in SW579 human thyroid squamous cell 
carcinoma by RT-PCR assay. a-e. Mean values with different letters over the bars are significantly different (P<0.05) 
according to Duncan’s multiple-range test. LNT-L: 100 µg/mL lentinan; Res + LNT-L: 10 µg/mL resveratrol + 100 µg/
mL lentinan; LNT-H: 200 µg/mL lentinan; Res + LNT-H: 10 µg/mL resveratrol + 200 µg/mL lentinan.
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studies have found out a lot of receptor-mediat-
ed cell signal transduction get involved in the 
activation of cancer cells apoptosis, and many 
genes are related to the regulation of cancer 
cell apoptosis [15]. The activation of caspase-3 
is closely related to cancer cell apoptosis. 
Existing evidences have suggested that prote-
ase is in close relation to cell apoptosis, which 
may be the cascading process of protease. 
Caspase-3 is the “core” protease of activating 
the cascade effect of apoptotic protease, play-
ing a very important role in this process. 
Caspase-3 can activate apoptotic cancer cells, 
so inhibiting the activity of caspase-3 can pre-
vent the apoptosis of liver cancer cells [16]. 
There are two caspase-3 activation dependent 
manners: caspase-8 or caspase-10 dependent 
manner, and caspase-10 dependent manner. 
The former can transmit apoptosis signal 
through the binding of death ligands such as 
Fas, TNFR1 and DR3 with death receptors; the 
latter can stimulate chondriosome to release 
cytochrome c by the use of chemical drugs and 

the removal of survival factor, cytochrome c will 
bind to WD40 repeat protein of Apaf-1 when 
dATP or ATP appear, then Apaf-1 and procas-
pase-9 can bind together through their respec-
tive CARD [17].

Bcl-2 can inhibit cell apoptosis, and prolong the 
survival period of tumor cells, to cause cancer 
recur and metastasize [18]. Experimental study 
had found that Bcl-2 family members play an 
important regulating role in caspase-3 activa-
tion [19]. Bcl-xL, a member of Bcl-2 anti-apop-
totic family, can inhibit the action of oligomers 
in Apa-1 molecules to make Apaf-1 molecular 
loss its function, thus inhibiting the activation 
of Apaf-1-dependent caspase-9. Anti-apoptotic 
Bcl-2 and Bax concentrated on the outer mem-
brane of mitochondria can inhibit mitochondria 
to release cytochromec, so as to restrain the 
activation of caspase-9 [20]. While all apopto-
sis-promoting Bcl-2 family members can form 
dipolymers through the reaction of BH3 domain 
protein with Bcl-2, Bcl-xL, A1 and Mcl-1, indicat-

Figure 5. The mRNA expression of Bax, Bcl-2 and Bcl-xL in SW579 human thyroid squamous cell carcinoma by 
RT-PCR assay. a-e. Mean values with different letters over the bars are significantly different (P<0.05) according to 
Duncan’s multiple-range test. LNT-L: 100 µg/mL lentinan; Res + LNT-L: 10 µg/mL resveratrol + 100 µg/mL lentinan; 
LNT-H: 200 µg/mL lentinan; Res + LNT-H: 10 µg/mL resveratrol + 200 µg/mL lentinan.
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ing at least part of apoptosis-promoting Bcl-2 
family react due to its resistance with anti-
apoptotic Bcl-2 family. Therefore, Bcl-2 can 
induce the activation of caspases [21].

Study has shown that more than 50% of tumors 
can lead to p53 mutation, which may change 
the expression of its downstream genes, result-
ing in the changes in cell apoptosis and cell 
cycle arrest, inducing or promoting the occur-
rence and development of malignant tumor 
[22]. Study has found that p53 can cause apop-
tosis by activating caspases [23], Klostergaard 
et al. [24] found if the cell with Fas defect was 
given with wild-type p53, it can lead to the acti-
vation of caspase-3, and characteristic chang-
es such as cell apoptosis. In the process of kill-
ing cancer cells, p53 mutation can induce cell 
apoptosis mainly through Bax/Bcl-2 protein 
and Bax/Bcl-xL protein [24]. Experimental 
results have shown that in cancer cells, active 
substances can change the expression of p21 
due to p53 mutation, to induce cell cycle arrest, 
the enhanced expression of p21 and p53 is a 

mark that active substances induce the apop-
tosis of cancer cells [25, 26].

NF-κB is a kind of nuclear transcription regula-
tory factor, it exists in almost all cells. When not 
being stimulated, NF-κB binds to its inhibitor 
IκB in an inactivated form in cytoplasm, when 
cells get damaged, or stimulated by virus, IκB 
will get phosphorylated and degraded, causing 
NF-κB to move into nucleus rapidly and activate 
it, promoting the transcription of cytokines, 
chemokines and adhesion factors [27]. In 
recent years, studies have found that NF-κB 
can control cell proliferation, regulate cell cycle 
and apoptosis, affect cell differentiation and 
promote tumor metastasis, it has close rela-
tionship with the occurrence and development 
of tumors [28, 29].

EGF is a kind of growth factor which can affect 
many reactions by combining with EGFR [30]. 
Study has shown that EGF and other growth 
factors can promote the proliferation of human 
cells. EGFR is a member of ErbB receptor family 

Figure 6. The mRNA expression of p53 and p21 in SW579 human thyroid squamous cell carcinoma by RT-PCR as-
say. a-e. Mean values with different letters over the bars are significantly different (P<0.05) according to Duncan’s 
multiple-range test. LNT-L: 100 µg/mL lentinan; Res + LNT-L: 10 µg/mL resveratrol + 100 µg/mL lentinan; LNT-H: 
200 µg/mL lentinan; Res + LNT-H: 10 µg/mL resveratrol + 200 µg/mL lentinan.
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Figure 7. The mRNA expression of NF-κB and IκB-α in SW579 human thyroid squamous cell carcinoma by RT-PCR 
assay. a-e. Mean values with different letters over the bars are significantly different (P<0.05) according to Duncan’s 
multiple-range test. LNT-L: 100 µg/mL lentinan; Res + LNT-L: 10 µg/mL resveratrol + 100 µg/mL lentinan; LNT-H: 
200 µg/mL lentinan; Res + LNT-H: 10 µg/mL resveratrol + 200 µg/mL lentinan.
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located on the surface of cells, involved in cells 
proliferation, growth, migration and infiltration, 
etc [31]. Study has found that EGFR can adjust 
EGF-meditated cancer cell proliferation through 
sialylation [32].

VEGF can promote the growth of tumor and 
angiogenesis, and provides a foundation for 
tumor metastasis, affecting the prognosis of 
patients with tumor. VEGF is the strongest vas-
cular endothelial cell growth factor which can 
directly work on blood vessels, and specifically 
promote the division, proliferation and migra-
tion of endothelial tumor cells, playing an 
important role in the formation of tumor blood 
vessel, and it is also one of the key factors of 
promoting angiogenesis [33]. Fit-1 is the recep-
tor of VEGF, it can bind to VEGF in high affinity. 
Fit-1 receptor deficient mice are mainly charac-

terized by vascular endothelial cell damage, the 
expression of Fit-1 is mainly related to the ear- 
ly-stage angiogenesis and wound healing of 
mouse embryos [34].

Fas is a common death receptor, if binding to 
FasL, it can be activated to transmit signal, 
leading to apoptosis, which is one of the major 
causes of cell apoptosis. When Fas binds to 
FasL, FADD domain protein in Fas intracellular 
domain can activate the recruitment response 
of caspase-8 and caspase-10, so as to activate 
downstream caspases protein, leading to the 
apoptosis which expresses Fas cells [35]. In 
addition, themetastasis of tumor is closely re- 
lated to its resistance. Some literature report 
that the activation of Fas pathway can strength-
en the resistance to apoptosis cells, which FasL 
plays a vital role [36].

Figure 8. The mRNA expression of EGF and EGFR in SW579 human thyroid squamous cell carcinoma by RT-PCR as-
say. a-e. Mean values with different letters over the bars are significantly different (P<0.05) according to Duncan’s 
multiple-range test. LNT-L: 100 µg/mL lentinan; Res + LNT-L: 10 µg/mL resveratrol + 100 µg/mL lentinan; LNT-H: 
200 µg/mL lentinan; Res + LNT-H: 10 µg/mL resveratrol + 200 µg/mL lentinan.

Figure 9. The mRNA expression of VEGF and Fit-1 in SW579 human thyroid squamous cell carcinoma by RT-PCR as-
say. a-e. Mean values with different letters over the bars are significantly different (P<0.05) according to Duncan’s 
multiple-range test. LNT-L: 100 µg/mL lentinan; Res + LNT-L: 10 µg/mL resveratrol + 100 µg/mL lentinan; LNT-H: 
200 µg/mL lentinan; Res + LNT-H: 10 µg/mL resveratrol + 200 µg/mL lentinan.
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Malignant tumors are characterized by local 
invasion and distant metastasis, which are the 
main reasons that malignant tumor threaten 
patients’ health and life. MMPs play an impor-
tant role in the invasion and metastasis of 
tumor, it not only mediates tumor cells’ degra-
dation of extracellular matrix including the 
basement membrane, but controls the process 
of angiogenesis, affects the function of cell 
adhesion molecules and regulates the growth 
of tumor cells (in situ and ex situ), etc [37]. 
Study has shown that the expression of MMP-2 
and MMP-9 is closely related to cancer angio-
genesis; tumor cells which can secrete MMP-2 
and MMP-9 have high invasion and metastases 
ability, drugs can also be used to inhibit the 
growth of tumor cells through lowering the 
activity of MMP-2 and MMP-9 [38]. In addition, 
ECM play a key role in local invasion and distant 
metastasis of cancer cells, the degradation of 
ECM is complex, involved a lot of factors, and 
MMPs and inhibitors play important functions, 
MMPs can degrade ECM, while TIMPs can 

inhibit the degradation of ECM through lowering 
the activity of MMPs, to protect normal cells 
[39]. The formation of intravascular cavity 
depends on the balance of MMPs and TIMPs, 
the adding of exogenous inhibitors may break 
the balance of MMPs and TIMPs, inhibiting the 
process of angiogenesis, and the invasion and 
metastasis of tumor cells. TIMPs can inhibit 
tumor invasion and metastasis, therefore, it 
has been used in the research of tumor treat-
ment [40].

In this study, after MTT, flow cytometry and 
RT-PCR assay determinations, LNT showed a 
good in vitro anticancer in SW579 human thy-
roid squamous cell carcinoma, and no toxicity 
concentration of Res could increase the anti-
cancer effects of LNT. From these results, Res 
could be used as a sensitizing agent for LNT in 
vitro.  
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Figure 10. The mRNA expression of Fas and FasL in SW579 human thyroid squamous cell carcinoma by RT-PCR assay. 

a-e. Mean values with different letters over the bars are significantly different (P<0.05) according to Duncan’s multiple-
range test. LNT-L: 100 µg/mL lentinan; Res + LNT-L: 10 µg/mL resveratrol + 100 µg/mL lentinan; LNT-H: 200 µg/mL 
lentinan; Res + LNT-H: 10 µg/mL resveratrol + 200 µg/mL lentinan.
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Figure 11. The mRNA expression of MMP-2 and MMP-9 in SW579 human thyroid squamous cell carcinoma by 
RT-PCR assay. a-e. Mean values with different letters over the bars are significantly different (P<0.05) according to 
Duncan’s multiple-range test. LNT-L: 100 µg/mL lentinan; Res + LNT-L: 10 µg/mL resveratrol + 100 µg/mL lentinan; 
LNT-H: 200 µg/mL lentinan; Res + LNT-H: 10 µg/mL resveratrol + 200 µg/mL lentinan.



Resveratrol raises anticancer effects of lentinan

20788	 Int J Clin Exp Med 2016;9(11):20777-20789

Address correspondence to: Dr. Hai Huang, 
Department of Hepatobiliary and Glands, Guangxi 
Medical School Affiliated Manning First People’s 
Hospital, No 6, Taoyuan RD, Nanning 530021, 
Guangxi, China. E-mail: chenhaigx@qq.com

References

[1]	 Zhong AZ, Cao HZ and Wang FS. Anticancer 
polysaccharides from natural resources: A  
review of recent research. Carbohyd Polym 
2012; 90: 1395-1410.

[2]	 Ding Q, Yang D, Zhang W, Lu Y, Zhang M, Wang 
L, Li X, Zhou L, Wu Q, Pan W and Chen Y. 
Antioxidant and anti-aging activities of the 
polysaccharide TLH-3 from Tricholoma lobay-
ense. Int J Biol Macromol 2016; 85: 133-140.

[3]	 Kapoor S. Lentinan: clinical benefit in the man-
agement of systemic malignancies. Surg Today 
2014; 44: 1389.

[4]	 Yang P, Liang M, Zhang Y and Shen B. Clinical 
application of a combination therapy of lentin-
an, multi-electrode RFA and TACE in HCC. Adv 
Ther 2008; 25: 787-794.

[5]	 Ina K, Kataoka T and Ando T. The use of len-
tinan for treating gastric cancer. Anticancer 
Agents Med Chem 2013; 13: 681-688.

[6]	 Kupfahl C, Geginat G and Hof H. Lentinan has 
a stimulatory effect on innate and adaptive im-
munity against murine Listeria monocytogenes 
infection. Int Immunopharmacol 2006; 6: 686-
696.

[7]	 Hou XJ and Chen W. Optimization of extraction 
process of crude polysaccharides from wild ed-
ible BaChu mushroom by response surface 
methodology. Carbohyd Polym 2008; 72: 67-
74.

[8]	 Quan F, Zhao Q, Shao Y, Li HH and Zhao RM. 
Resveratrol enhances radiosensitivity of hu-
man hypopharyngeal carcinoma cell line in 
nude mice. J South Med Univ 2014; 34: 1646-
1649.

[9]	 Kim C, Baek SH, Um JY, Shim BS and Ahn KS. 
Resveratrol attenuates constitutive STAT3 and 
STAT5 activation through induction of PTPε 
and SHP-2 tyrosine phosphatases and potenti-
ates sorafenib-induced apoptosis in renal cell 
carcinoma. BMC Nephrol 2016; 17: 19.

[10]	 Fang YJ, Demarco VG and Nicholl MB. 
Resveratrol enhances radiation sensitivity in 
prostate cancer by inhibiting cell proliferation 
and promoting cell senescence and apoptosis. 
Cancer Sci 2012; 103: 1090-1098.

[11]	 O’Connor SE. Plant biochemistry. fighting can-
cer while saving the mayapple. Science 2015; 
349: 1167-1168.

[12]	 Zhao X, Qian Y, Zhou YL, Wang R, Wang Q and 
Li GJ. Pu-erh tea has in vitro anticancer activity 
in TCA8113 cells and preventive effects on 
buccal mucosa cancer in U14 cells injected 
mice in vivo. Nutr Cancer An Int J 2014; 66: 
1059-1069.

[13]	 Zhao X, Kim SY and Park KY. Bamboo salt has 
in vitro anticancer activity in HCT-116 cells and 
exerts anti-metastatic effects in vivo. J Med 
Food 2013; 16: 9-19.

[14]	 Zhao X, Wang Q, Li GJ, Chen F, Qian Y and 
Wang R. In vitro antioxidant, anti-mutagenic, 
anti-cancer and anti-angiogenic effects of 
Chinese Bowl tea. J Funct Food 2014; 7: 590-
598.

[15]	 Wong RS. Apoptosis in cancer: from pathogen-
esis to treatment. J Exp Clin Cancer Res 2011; 
30: 87.

[16]	 O’Donovan N, Crown J, Stunell H, Hill AD, 
McDermott E, O’Higgins N and Duffy MJ. 
Caspase 3 in breast cancer. Clin Cancer Res 
2003; 9: 738-742.

[17]	 Rodríguez-Berriguete G, Galvis L, Fraile B, de 
Bethencourt FR, Martínez-Onsurbe P, Olmedilla 
G, Paniagua R and Royuela M. Immunoreactivity 
to caspase-3, caspase-7, caspase-8, and cas-
pase-9 forms is frequently lost in human pros-
tate tumors. Hum Pathol 2012; 43: 229-237.

[18]	 Tsujimoto Y. Role of Bcl-2 family proteins in 
apoptosis: apoptosomes or mitochondria? 
Genes Cells 1998; 3: 697-707.

[19]	 Swanton E, Savory P, Cosulich S, Clarke P and 
Woodman P. Bcl-2 regulates a caspase-3/cas-
pase-2 apoptotic cascade in cytosolic extracts. 
Oncogene 1999; 18: 1781-1787.

[20]	 Park HJ, Jeon YK, You DH and Nam MJ. Daid- 
zein causes cytochrome c-mediated apoptosis 
via the Bcl-2 family in human hepatic cancer 
cells. Food Chem Toxicol 2013; 60: 542-549.

[21]	 Willis SN, Chen L, Dewson G, Wei A, Naik E, 
Fletcher JI, Adams JM and Huang DC. Pro- 
apoptotic Bak is sequestered by Mcl-1 and Bcl-
xL, but not Bcl-2, until displaced by BH3-only 
proteins. Genes Dev 2005; 19: 1294-1305.

[22]	 Xu SY, Xiao DJ, Luan YZ, Wang YS, Wang L and 
Shi K. Regulatory mechanism of cell cycle 
block and apoptosis in p53 mutated gastric 
cancer cells during cisplatin stress. J Shandong 
Univ (Health Sci) 2008; 46: 478-480+484.

Figure 12. The mRNA expression of TIMP-1 and TIMP-2 in SW579 human thyroid squamous cell carcinoma by RT-
PCR assay. a-e. Mean values with different letters over the bars are significantly different (P<0.05) according to 
Duncan’s multiple-range test. LNT-L: 100 µg/mL lentinan; Res + LNT-L: 10 µg/mL resveratrol + 100 µg/mL lentinan; 
LNT-H: 200 µg/mL lentinan; Res + LNT-H: 10 µg/mL resveratrol + 200 µg/mL lentinan.

mailto:chenhaigx@qq.com


Resveratrol raises anticancer effects of lentinan

20789	 Int J Clin Exp Med 2016;9(11):20777-20789

[23]	 Moulin M, Carpentier S, Levade T and Arrigo 
AP. Potential roles of membrane fluidity and 
ceramide in hyperthermia and alcohol stimula-
tion of TRAIL apoptosis. Apoptosis 2007; 12: 
1703-1720.

[24]	 Klostergaard J, Leroux ME, Auzenne E, 
Khodadadian M, Spohn W, Wu JY and Donato 
NJ. Hyperthermia engages the intrinsic apop-
totic pathway by enhancing upstream caspase 
activation to overcome apoptotic resistance in 
MCF-7 breast adenocarcinoma cells. J Cell 
Biochem 2006; 98: 356-369.

[25]	 Woo SM, Choi YK, Kim AJ, Cho SG and Ko  
SG. p53 causes butein-mediated apoptosis of 
chronic myeloid leukemia cells. Mol Med Rep 
2016; 13: 1091-1096.

[26]	 Hollmann G, Linden R, Giangrande A and Allodi 
S. Increased p53 and decreased p21 accom-
pany apoptosis induced by ultraviolet radiation 
in the nervous system of a crustacean. Aquat 
Toxicol 2016; 173: 1-8.

[27]	 Shih RH, Wang CY and Yang CM. NF-kappaB 
signaling pathways in neurological inflamma-
tion: a mini review. Front Mol Neurosci 2015; 
8: 77.

[28]	 Carter SL, Centenera MM, Tilley WD, Selth LA 
and Butler LM. IκBα mediates prostate cancer 
cell death induced by combinatorial targeting 
of the androgen receptor. BMC Cancer 2016; 
16: 141.

[29]	 Seubwai W, Vaeteewoottacharn K, Kraiklang  
R, Umezawa K, Okada S and Wongkham S. 
Inhibition of NF-κB activity enhances sensitivi-
ty to anticancer drugs in cholangiocarcinoma 
cells. Oncol Res 2016; 23: 21-28.

[30]	 Deng W, Gu L, Li X, Zheng J, Zhang Y, Duan B, 
Cui J, Dong J and Du J. CD24 associates with 
EGFR and supports EGF/EGFR signaling via 
RhoA in gastric cancer cells. J Transl Med 
2016; 14: 32.

[31]	 Appert-Collin A, Hubert P, Crémel G and 
Bennasroune A. Role of ErbB receptors in can-
cer cell migration and invasion. Front Phar- 
macol 2015; 6: 283. 

[32]	 Yen HY, Liu YC, Chen NY, Tsai CF, Wang YT, 
Chen YJ, Hsu TL, Yang PC and Wong CH. Effect 
of sialylation on EGFR phosphorylation and re-
sistance to tyrosine kinase inhibition. Proc Natl 
Acad Sci U S A 2015; 112: 6955-6960.

[33]	 Carmeliet P. VEGF as a key mediator of angio-
genesis in cancer. Oncology 2005; 69: 4-10.

[34]	 Hoar FJ, Lip GY, Belgore F and Stonelake PS. 
Circulating levels of VEGF-A, VEGF-D and solu-
ble VEGF-A receptor (sFIt-1) in human breast 
cancer. Int J Biol Markers 2004; 19: 229-235.

[35]	 Milhas D, Cuvillier O, Therville N, Clavé P, 
Thomsen M, Levade T, Benoist H and Ségui B. 
Caspase-10 triggers Bid cleavage and caspase 
cascade activation in FasL-induced apoptosis. 
J Biol Chem 2005; 280: 19836-19842.

[36]	 Li Y, Xu DF, Jiang D, Zhao J, Ge JF and Zheng 
SY. Significance of Fas and FasL protein ex-
pression in cardiac carcinoma and local lymph 
node tissues. Int J Clin Exp Pathol 2015; 8: 
11915-11920.

[37]	 Köhrmann A, Kammerer U, Kapp M, Diet J and 
Anacker J. Expression of matrix metalloprotein-
ases (MMPs) in primary human breast cancer 
and breast cancer cell lines: New findings and 
review of the literature. BMC Cancer 2009; 9: 
188.

[38]	 Roomi MW, Monterrey JC, Kalinovsky T, Rath M 
and Niedzwiecki A. Patterns of MMP-2 and 
MMP-9 expression in human cancer cell lines. 
Oncol Rep 2009; 21: 1323-1333.

[39]	 Bourboulia D and Stetler-Stevenson WG. Ma- 
trix metalloproteinases (MMPs) and tissue in-
hibitors of metalloproteinases (TIMPs): posi-
tive and negative regulators intumor cell adhe-
sion. Semin Cancer Biol 2010; 20: 161-168.

[40]	 Kousidou OC, Roussidis AE, Theocharis AD  
and Karamanos NK. Expression of MMPs and 
TIMPs genes in human breast cancer epitheli-
al cells depends on cell culture conditions and 
is associated with their invasive potential. 
Anticancer Res 2004; 24: 4025-4030.


