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Background

The world has witnessed an upsurge in cancer cases, a disease that 
afflicts both men and women worldwide. Death due to cancer 
especially is projected to rise to over 11million in 2030 [1]. In 
China, cancer has become the leading cause of  death. Mortality 
related to cancer in China has risen by 80% during the last 30 
years to an alarming number of  1.8 million cancer deaths in 2010 
[2]. During the last three decades, deaths related to lung cancer 
have increased by 465% [2]. China alone contributes more than 
half  of  the world’s newly diagnosed liver and esophageal cancer 
cases, and 42% of  newly diagnosed stomach cancer cases [3]. The 
disease burden due to cancer cannot be overemphasized.

Cancer is by and large associated with our body’s immune system. 
Concerted efforts in addressing the health challenge due to cancer, 
by, identifying possible solutions towards reduction and treatment 
are greatly desired. Some medicinal plants and their components 

Abstract

Ethnopharmacological relevance: Fungi have been used in traditional systems both as food and medicine. In China the mushrooms are 
widely used in Traditional Chinese Medicine (TCM). On one hand residue resulting from medicinal plants are treated as waste, yet the en-
vironment in which medicinal plants including fungi grow greatly influences the potency and quantities of  bioactive secondary metabolites 
thereof. Since Mushrooms are widely consumed for immunomodulatory purposes especially for people suffering from tumors, this study 
sought to find out whether there is enhanced effect of  mushroom polysaccharides extracts of  Trametes robiniophila murr a Chinese fungus, 
grown on media supplemented with Chinese herbal drug residues both in vitro and in vivo as an immunotherapeutic remedy for cancer.

Methodology: We used Intestinal Epithelial Cells (IEC) known to produce IL-7 cytokine which works on the immune system and on the 
postulation that polysaccharide extracts work by up regulating IL-7. The polysaccharide extracts investigated were obtained from mushrooms 
grown on media supplemented with Chinese herbal residues. The Cell Counting Kit-8 (CCK-8) proliferation assay procedure was used to 
asses’ cell proliferation. Extract concentrations ranging from 0.00001 - 100µg/ml was used in the cell proliferation assay. IEC-6 cells grown 
in media supplemented with 100µg/ml mushroom polysaccharides extracts was used in vitro and RT-PCR technique employed to evaluate 
up-regulation of  IL-7 in a time dependent manner ranging from 3 to 72 hours. The extract with best IL-7 expression was selected for further 
evaluation in vivo at 30mg/mice/day in mice infected with CT-26 colon cancer tumor cells. Cyclophosphamide at 20mg/mice/day was taken 
as the positive control drug. Flow cytometry was employed to evaluate the peripheral blood CD4+ and CD8+ lymphocytes. The extract was 
further tested in vitro on CT-26 cells (100 & 200 µg/ml), to explore direct inhibition.

Results: 1µg/ml was found to give optimum IEC-6 cell growth however; 100µg/ml was determined as the ED50 and used as the minimum 
evaluation concentration for IL-7 expression. The polysaccharide extracts obtained from mushrooms supplemented with the Chinese herb 
Gancao (Glycyrrhiza glabra L. var. glandulifera) residues were found to up-regulate IL-7 best. 6 hours exposure of  cells to extract gave optimal 
IL7 expression of  over 1.2 times at 100µg/ml compared to polysaccharide extracts from mushrooms grown on normal media. Extracts 
obtained at temperatures ranging between 70-90oC were found to be most ideal. The extract was found to increase the CD4+ and CD8+ 
lymphocytes in vivo in mice a reflection on IL-7 up regulation in the intestinal mucosa and further to inhibit CT-26 cell growth in a significant 
way at P≤0.05.

Conclusion: Polysaccharide extracts obtained from mushroom Trametes robiniophila murr grown on media supplemented with Chinese herb 
Gancao (G. glabra L. var. glandulifera) residues offers increased immunomodulatory effect as an alternative treatment to cancer cases. It can be 
employed as a prescription supplement for immunotherapy and immuno surveillance. The mechanism of  action is probably stimulation of  
IEC-6 cells to produce increased IL-7 Cytokine responsible for resultant adaptive immunity and cancer immuno surveillance. The polysac-
charide extract too has chemotherapeutic effect and is safe.	

Key Words: Mushroom polysaccharides extracts, Trametes robiniophila murr, IL-7 Cytokine, CT-26 colon cancer tumor cells, CD4+ and CD8+ lymphocytes, 
immunity.
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are known to boost immunity. Biological properties of  medicinal 
mushrooms have been investigated for decades; especially for an-
titumor and immunostimulatory effects of  their polysaccharide 
compounds [4]. Mushrooms exhibit anti-tumor activity based 
on the modulation of  immune system and this activity is dem-
onstrated for crude fungal extracts and isolated compounds like 
polysaccharides, polysaccharo-peptides, polysaccharide-proteins 
and proteins from culture media of  various mushrooms [5]. Their 
polysaccharide fraction which is mainly composed of  β- glucans 
responsible for immune modulating effects by a number of  ways 
such as activating leukocytes which are depended on the structur-
al characteristics of  the β- glucans, more so, they contain different 
biological active compounds like small proteins, lectins, and poly-
phenols which are mainly β- glucans present in the cell walls [5]. 
It has been reported that this β-glucans increase the phagocytic 
activity and production of  reactive oxygen intermediates, inflam-
matory mediators and cytokines by leukocytes [6,7]. More than 50 
mushroom species have yielded potential immunoceuticals with 
immunomodulatory and antitumor effects, they include lectines, 
polyssacharides, polysaccharides-peptides, polyssacharide-pro-
teins complexes like lentinan, schizophyllan, polysaccharide-K, 
polysaccharide p, active hexose correlated compounds, AHCC, 
maitake D fraction which are regarded as biological response 
modifiers (BRM) and have been investigated in human cancer 
[7,8]. Pleurotus ostreatus has anti-cancer, immunomodulatory, anti-
viral, antibiotic, and anti-inflammatory and cholesterol lowering 
activities [8]. The water extract from its mycelia and fruit bodies 
have a role in increasing production of  ROS from neutrophils and 
also has immunomodulatory properties on all immunocompetent 
cells. [8]

Ganoderma lucidium is known for longetivity-promoting and as 
tonic herb and, the biological activities of  Ganoderma lucidium es-
pecially its anti-tumor and immunomodulatory properties show 
that its extract is able to stimulate the inflammatory response due 
to the expression of  IL-1, IL-6, and TNF-α linked to the anti-
tumor activity[9,10]. Isolated polysaccharides and triterpenoids 
from this mushroom are potent inhibitors of  in vitro and in vivo 
tumor growth [11]. Trametes robiniophila murr has been applied in 
TCM for approximately 1600 years [12] though recently its anti-
cancer properties have been put into complementary therapy and 
its water extracts are proteoglycans. This extract is able to display 
apoptosis, antiangiogenesis, drug resistance reversal, and anti-
metastasis and system immune activation [13]. Botanical polysac-
charides thus provide a unique opportunity for the discovery of  
novel therapeutic agents that exhibit beneficial immunomodula-
tory properties.

IL-7 has a potential for adoptive immunotherapy [14]. Cellular 
immunity against tumors initially focused on CTLs, but in recent 
years it has become evident that CD4+ T cells also play a critical 
role in the development of  effective anti-tumor immunity [15]. 
IL-7 is implicated in synthesis and survival of  CD4+ lymphocytes 
[15] Furthermore, IL-7 has the potential to induce cytotoxic T 
cells in lung metastases of  murine sarcomas [14]. In addition, it 
has been shown to induce lymphokine-activated killer cell activity 
obtained from patients early after bone marrow transplantation 
[14]. Adoptive transfer of  tumor-reactive T cells into lympho-de-
pleted hosts has shown that a significant percentage of  treated pa-
tients can experience immune-mediated cancer regression across 
multiple institutions [16,17,18].

IL-7 prolongs survival, decreases tumor burden and enhances tu-
mor T cell infiltration in vaccinated mice [19,20]. Histology of  

tumors from IL-7–treated mice is heavily infiltrated with both 
CD4+ and CD8+ T cells[19,20]. The presence of  tumor infiltrat-
ing lymphocytes (TILs) within the tumor microenvironment is 
considered to be an indication of  the host immune response to 
tumor antigens [19], and is thought to reflect the dynamic process 
of  “cancer immunoediting”.

Intestinal epithelial cells (IEC) have been implicated in IL-7 syn-
thesis [21]. IL-7 plays an important role in immune processes in 
our bodies. Several studies have indicated that IEC may play an 
important role in mucosal immune responses by helping to regu-
late intestinal intraepithelial lymphocytes (IEL) [22]. Interleukin-7 
has been implicated and proposed as an important link to find-
ing the right treatment for cancer ailments. IL-7 has a potential 
for adoptive immunotherapy [23,24,25,26,27,28]. Importance 
and usefulness of  Cytokine IL 7 as a tool in cancer treatment 
research has been demonstrated before [29]. In the current study, 
it is hypothesized that Polysaccharide extracts obtained from 
mushrooms grown in media supplemented with Chinese herbal 
residues, act on the intestinal mucosal cells (IEC) which results in 
up regulation of  the production of  IL-7. IL-7 then elicits cascade 
events boosting immune response to cancer cells.

Drug agents that enhance or stimulate the production of  IL-7 
therefore provide potential candidates in cancer treatment. IL-7 
too is a viable research tool in evaluation of  potential plant medi-
cines and their mode of  action

Methodology

Cells and extract

Mouse IEC-6 cells were used to investigate effects of  mush-
room polysaccharide extract obtained from mushrooms grown 
on media supplemented with known quantities of  Chinese me-
dicinal plant residues of  Gancao (Radix Glycyrrhizae grabra L.) and 
Huangqi (Astragalus membranaceus (Fisch) Bunge). The standard cell 
culture techniques were employed and media added with extracts 
of  known concentrations at specified time frames. The Chinese 
mushroom investigated was Huaier (Trametes robiniophila murr). 
The Mushroom species was botanically identified by a plant tax-
onomist at TUTCM and grown at alternating 12 hour cycles of  
light and dark in culture bottles. Water soluble mushroom poly-
saccharides were extracted as described by Mizuno [30]. The ex-
traction conditions were optimized at 70-90o C in water, extract 
freeze dried and stored at 4o C until use.

Cell proliferation assay

IEC-6 cells (ATCC) were seeded at 50,000 cells per well in corning 
96 well flat bottomed micro titer plates and incubated overnight at 
a volume of  100µl. 10µl mushroom substrates (0680, 0790 & M) 
at eight different concentrations each serially diluted were added 
and cells incubated for a further 72hours. 10µl of  CCK-8 (Do-
jindo Molecular Technologies, Beijing,China) was then added and 
incubated in a high humidity environment at 37oC and 5% CO2
for 3 hours and optical density (OD) read at 460 nm in a 96-well 
micro titer plate Tecan i-control infinite 200 OD reader. The test 
was done in triplicate. The data was analyzed using unpaired Stu-
dent's T-test. Values are expressed as mean ± S.D.

A second assay was carried out to determine the reliability and 
cell numbers by plating 100µl of  a known number of  cells in a 
clear 96 well plate (Cell numbers ranging from 2x104-2x106). 10 µl 
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CCK-8 solution was then added and incubated for 3 hours under 
identical conditions to first assay and absorbance determined.

CT-26 Cell cytotoxicity assay

CT-26 colon cancer cells (ATCC) were seeded at 50,000 cells per 
well in corning 96 well flat bottomed micro titer plates and incu-
bated overnight at a volume of  100µl. Mushroom polysaccharide 
extract was tested at two concentrations of  100 & 200µg/ml by 
adding 10µl of  each and cells incubated at 37oC, 5% CO2 high hu-
midity for a further 72hours. Two controls were similarly set up; 
a negative control without drug and a positive control where Cy-
toxin at 100µg/ml was added. 10µl of  CCK-8 (Dojindo Molecular 
Technologies, Beijing, China) was then added and incubated in a 
high humidity environment at 37oC and 5% CO2 for 3 hours and 
optical difference (OD) read at 460 nm in a 96-well microtiter 
plate Tecan i-control infinite 200 OD reader. The test was done in 
triplicate. The data was analyzed using unpaired Student's T-test. 
Results are presented as mean±S.D and in form of  a bar chart.

RT-PCR assay technique

In this study polysaccharide bearing extracts from mushrooms 
grown on normal media supplemented with Chinese herbal resi-
dues were investigated on IEC-6 cells in vitro. The levels of  ex-
pression of  IL-7 mRNA were determined by RT-PCR methods as 
a measure of  their immune modulating enhancement effect. Ap-
propriate controls were set up with polysaccharide extracts from 
mushrooms grown on normal media only.

RNA extraction, Amplification and gel electrophoresis

Extraction and amplification was done according RNeasy® Mini 
Kit (Qiagen).

The IEC-6 cells were cultured in 6 well plates in media supple-
mented with various extracts at concentrations of  100µg/ml for 
72, 6 or 3 hours. Briefly the media was decanted and cells washed 
in PBS (D-hanks solution) and 1ml Trizol (Invitrogen) added. 
0.2ml of  Chloroform at 4oC was added per 1ml shaken vigorously 
using a vortex for 30 seconds and incubated at room temperature 
(about 20o C) for a period of  4 minutes. This was followed by cen-
trifuging for 15 minutes at 12000 revolutions per minute (rpm). 
A colorless aqueous layer formed at the top of  which 500µl was 
pipetted out carefully. A similar volume (500µl) of  isopropyl alco-
hol at minus 20o C was added to the RNA fraction and vortexed 
properly and incubated at room temperature (about 20o C) for a 
period of  25 minutes. The mixture was centrifuged for 10 minutes 
at 12000 revolutions per minute (rpm) at 4o C. The supernatant 
was discarded and RNA pellet washed with 1ml of  75% ethanol 
and vortexed properly and, centrifuged for 10 minutes at 8000 
revolutions per minute (rpm) at 4o. A refrigerated centrifuge was 
used each time. The supernatant was discarded and RNA pellet air 
dried before re-dissolving in 20 µl RNAse free water. The Optical 
difference (OD) was measured at 260/280nm to determine the 
quality of  RNA using a NanoDrop ND-1000 spectrophotometer 
(NanoDrop Technologies, Inc., Wilmington, DE, USA) and con-
centration (ng/µl) obtained. The concentration of  RNA (ng/µl) 
was used to calculate the volumes of  RNA and water (H2O) for 
use in reverse transcription by first dividing 500 by ng/µl of  RNA 
obtained to give volume of  RNA in µl and then this was sub-
tracted from 6.5 to give volume of  H2O to be used. Reverse tran-
scription and cDNA amplification was done according to RNe-
asy® Mini Kit (Qiagen), and the following genes were targeted for 

amplification; GAPDH with primers sequence 5’ to 3’ sense ACC 
ACA gTC CAT gCC ATC AC and antisense TCC ACC ACC CTg 
TTg. CTg TA and, IL-7 sense gAg TTT CAg ACg gCA CAC AA 
and antisense gAA ACT TCT ggg Agg gTT CC (from Sangon 
co.ltd) at reaction conditions (94o C for 3 minutes, 94o C for 30 
seconds, 60.5o C for 30 seconds, 72o C for 30 seconds, 4o C indefi-
nitely) and at 22 cycles for GAPDH and 38 cycles for IL-7. All 
amplified cDNA were analyzed by 1.5% agarose gel electropho-
resis and stained with ethidium-bromide for visualization under 
UV illumination (GeneGenius) and photographed. The size of  
amplified DNA was identified by comparison with DNA marker 
(100 bp DNA ladder, TaKaRa Biotechnology (Dalian) co., Ltd) 
and volumes of  the DNA calculated for each band.

In vivo studies of  selected Mushroom Polysaccharide ex-
tracts

Experimental animals

45 female Balb/C mice 6 weeks old weighing on average 18.2g 
and infected with CT-26 Colon cancer tumor cells were employed 
to assess the immune boosting action of  mushroom polysaccha-
ride extracts. They were housed in an animal facility well lighted 
by natural light and well ventilated. They were kept in groups of  
five per cage. They received normal mice feed and water ad li-
bitum. The experimental period was 17 days with two days to 
acclimatize and one day after 14 days of  treatment. The Animal 
experiment was carried out in accordance with Tianjin University 
of  traditional Chinese medicine guidelines on laboratory animal’s 
use and care.

In-vivo assay

The mice were divided into 3 groups of  15 mice each in a com-
pletely randomized design consisting of  a negative control which 
received 0.2ml normal saline orally, a positive control group which 
received 20mg/ml of  an anti-cancer drug Cyclophosphamide 
(Cytoxin) through IP route and, a test group which received 30mg 
of  mushroom polysaccharides extract orally.

The treatments were administered on a daily basis for two weeks 
except Cytoxin which was administered for 10 days. Weights of  
the animals were taken at 0 days, 10 days, and 15th day before they 
were sacrificed and blood, tumor, liver, spleen, thymus and lungs 
excised and properly labeled. The blood was collected in 0.4ml of  
6mg/ml EDTA to prevent coagulation and stored at 4 degrees 
centigrade. The organs were weighed and either stored at minus 
20 or minus 80 degrees centigrade and histopathology evaluation 
done. Lysed Whole blood immunofluorescence staining was per-
formed.

Flow Cytometry- Immunofluorescence staining of  mice 
Cells by Lysed Whole Blood Method

Whole blood (peripheral) was drawn from the eyes into 1.5 ml 
centrifuge tubes. The tubes were pre-coated with 0.4ml of  6mg/
ml EDTA as an anticoagulant. The tubes were well rinsed with 
the 0.4ml of  EDTA by corking and swilling round to cover all 
sides of  the tube before opening to dry the sides and collecting 
the blood. All tubes were properly labeled. Briefly, 100µl of  well-
mixed anti-coagulated whole blood was added to the bottom of  
a well labeled tube. The appropriate primary antibody was then 
added to each tube as described in the following manner, to 100ul 
(1x106) Cells was added 0.25µg of  FITC Hamster Anti-Mouse 
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CD3e, 0.25µg of  APC Rat Anti-Mouse CD4 and 1.0µg of  PE Rat 
Anti-MouseCD8a. The tube was capped and vortexed gently to 
mix and, incubated for 25 minutes in the dark at room tempera-
ture (20° to 25°C). The tube was removed from dark chamber and 
mixed well. 1.5ml of  lysing solution was added to and vortexed. 
After which it was incubated at room temperature in the dark for 
10-15 minutes, until cells become clear and centrifuged for 5 min-
utes at 1000 rpm (200 x g). The supernatant was removed by aspi-
ration, vortexed and 2 ml washing solution added and, centrifuged 
for 5 minutes at 1000 rpm (200 x g). The supernatant was again 
removed by aspiration. The cells were fixed by re-suspending in 
2% paraformaldehyde buffer for 30 minutes at room temperature, 
and washed with wash buffer. The cells were re-suspended in 500 
µl wash buffer and stored in the refrigerator at 4°C for 24 hours 
in the dark before reading in a Merck- Millipore flow cytometer. 
This exercise was repeated for all samples. A negative control was 
set up in one tube by titrating 50ul of  cells and adding 100ul PBS 
and taken through the same procedure.

Data analysis

Statistical analysis was done using excel data sheets and SPSS ver-
sion 14.0. The expression of  IL-7 mRNA relative to GAPDH 
mRNA was calculated and bar charts drawn. The differences be-
tween the control and the treatments in these experiments were 

tested for statistical significance by unpaired Student's T-test. A 
value of  P<0.05 was considered to indicate statistical significance. 
Values are expressed as mean±S.D.

Results

Cell Proliferation assay

A calibration chart was drawn to ascertain reliability and help en-
able cell number determination from absorbance values. The cell 
numbers were observed to have a linear relationship with the ab-
sorbance values. A high number of  cells gave a corresponding 
high absorbance. A concentration of  1µg/ml gave the best pro-
liferative effect on IEC-6 cells for the all tested extracts (Table1, 
Figure 1). Mushroom extracts investigated had no visible cytotox-
ic effects and promoted cell growth normally even at concentra-
tions above 100µg/ml in 6 well plates. The ED50 was determined 
to be approximately 100 µg/ml. 

Expression of  GAPDH and IL-7 by Mouse IEC-6 cells sub-
jected to various extracts at a concentration of  100µg/ml

IEC-6 cells were shown to express IL-7 Cytokine constitutively. 
This cytokine is associated with immunomodulation and cancer 
cells Immunosurveillance. IEC- 6 cells subjected to mushroom 

Table 1. IEC-6 cell proliferation assay of  mushroom polysaccharide extracts evaluated at different concentrations using the 
CCK-8 assay protocol.

Treatment Concentration in µg/ml
0.00001 0.00001 0.001 0.01 0.1 1 10 100

Control 1.559±0.478 1.559±0.478 1.559±0.478 1.559±0.478 1.559±0.478 1.559±0.478 1.559±0.478 1.559±0.478
M-extract 0.967±0.485 1.563±0.563 1.616±0.321 1.659±0.403 1.752±0.315 1.832±0.239 1.584±0.424 0.739±0.452*
680 1.515±0.051 2.064±0.080 2.085±0.134 2.347±0.240 2.363±0.074 2.760±0.199 1.119±0.184 2.072±0.132
790 1.466±0.170 2.104±0.066 2.285±0.092 2.419±0.116 2.332±0.194 2.530±0.301 1.143±0.235 2.638±0.150

*Significantly different from control at P≤0.05.
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Figure 1: IEC-6 Cell subjected to 3 extracts which were evaluated to the end of  both in vitro and in vivo assays. Extract M 
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polysaccharide extracts coded as; 01C, 01G15, 01H15, 03C, 
03G15, 03H15, 06C, 06G15, 06H15, 07C, 07G15 & 07H15. 
These were water extracts from Huaier (Trametes robiniophila murr) 
mushrooms grown in media supplemented with chinese herbs 
Gancao (G) and Huangqi (H) and extracted at varying conditions 
to determine the right herbal supplement and optimum extrac-
tion conditions. They were tested in IEC-6 cells for IL-7 mRNA 
expression as a measure of  their bioactivity ( Figures 2A & B). 
Extracts 06G15 and 07G15 were selected as having the best IL-7 
mRNA expression effects.

Mouse IEC-6 cells subjected to 20 Mushroom Polysaccha-
ride extracts extracted at varying Temperatures and test-
ed for their effect on the expression of  GAPDH and IL-7 
mRNA at 3.33mg/ml exposed for 72 hours

Extracts 06G15 and 07G15 were selected as best in up regulating 
IL-7. The extraction of  the mushroom polysaccharides was again 
done at varying temperatures and IL-7 mRNA expression used to 
select the optimum extraction temperatures. 06G15 at 60, 70 & 
80o C and, 07G15 at 90o C were found to have the best effects on 
IL-7 mRNA expression of  1.4 or more times (Figures 3A & B) 
compared to the control and the rest of  the extracts.

Time and Dose Dependent In Vitro Studies of  IEC-6 Cells 
Expression of  IL-7 mRNA on Subjection to Media Supple-
mented with Polysaccharide Extracts from Substrate De-
pendent Mushrooms.

IEC-6 cells on exposure to mushroom (Huaier) extracts at two 
concentrations of  100µg/ml and 3.33mg/ml were found to pro-
mote the expression of  IL-7 mRNA positively (Figures 4A & B, 
5A & B). The cells were exposed to 6 hours and 3 hours to gauge 
IL-7 mRNA expression at the two concentrations in a time de-
pendent way. The expression at 3 hours was not significantly dif-
ferent from the control (results not provided) but a significant 
difference is noticed on exposure to 6 hours. At 100µg/ml the 
expression of  IL-7 mRNA is better (Table 3, Figure 5C) com-
pared to the higher concentration of  3.33mg/ml (Table 2, Fig-
ure 4C). IL-7 mRNA expression is significantly different for ex-
tract 0680 at 3.33mg/ml and 0670 at 100 µg/ml from the extract 
from mushrooms grown on normal media (Tables 2&3). The 
extracts under investigation express IL-7 mRNA approximately 
1.2 - 2 times more compared to the house keeping gene GAPDH 
mRNA (Tables 2&3).

G
AP

D
H

C 1C 1G 1H 3C 3G 3H C 6C 6G 6H 7C 7G 7H

400bp

1000bp

C 1C 1G 1H 3C 3G 3H C 6C 6G 6H 7C 7G 7H

IL
-7

100bp

200bp

A

B
KEY: C= control, G = Gancao, H = Huangqi, 1C= 01C, 1G= 01G15, 1H= 01H15, 3C= 03C, 3G= 03G15, 3H= 03H15 6C= 06C, 
6G = 06G15, 6H = 06H15, 7C= 07C, 7G= 07G15, 7H= 07H15.

Figure 2A & B. Gel electrophoresis for GAPDH mRNA and IL-7 mRNA expression respectively after IEC-6 cells were sub-
jected to extracts 01C, 01G15, 01H15, 03C, 03G15, 03H15, 06C, 06G15, 06H15, 07C, 07G15 & 07H15. Extract 06G15 and 07G15 

were identified as the most promising samples.

Dose at 3.33mg/ml

Figure 4A & B, Table 2, Figure 4C

Dose at 100μg/ml

Figure 5A & B, Table 3, Figure 5C

Mean Weight Indexes of  Mice Tumor and Immune Organs

After commencing treatment (Figure 6) there was a slight de-
crease in weight for all groups but the tread reversed and started 

to increase gradually over the treatment period. The mean tu-
mor weight indices in the polysaccharide fed test group infected 
with Ct-26 colon cancer cells did show a significant difference at 
p≤0.05 (Table 4, Figure 7). Conversely the mortality in the nega-
tive control (no treatment) group was higher and only about half  
of  the mice 53.3% survived while in the positive control and test 
groups, the survival rate was over 73% (Table 5, figure 8). The 
mean weights indices of  immunity organs, the Thymus and the 
Spleen were significantly different from those of  the normal un-
infected mice. The Thymus weight indexes were significant in a 
negative way by having lower values and the Spleen weight in-
dexes were significant (p≤0.05) in a positive way by having higher 
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Figure 3A & B. Gel electrophoresis respectively for GAPDH mRNA and IL-7 mRNA expression after IEC- 6 cells were 
subjected to extracts 01, 03, 05, 06 & 07 extracted at varying temperatures. Extract 06@ 60, 70, 80o C and 07@ 90o C were 

selected as the most promising samples. Other extracts were not evaluated further. 

KEY: 1 = Control, 2 = 01@ 60oC, 3 = 01@ 70oC, 4 = 01@ 80oC, 5 = 01@ 90oC, 6 = 01@ 100oC, 7 = 03@ 70oC, 8 = 03@ 80oC, 9 = 
03@ 90oC, 10 = 03@ 100oC, 11 = 05@ 60oC, 12 = 06@ 60o C, 13 = 06@ 70oC, 14 = 06@ 80oC, 15 = 06@ 90oC, 16 = 06@ 100oC, 17 
= 07@ 60oC, 18 = 07@ 70oC, 19 = 07@ 80oC, 20 = 07@ 90oC, 21 = 07@100oC.
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Figure 4A & B. Gel electrophoresis respectively for GAPDH mRNA and IL-7 mRNA expression after IEC- 6 cells were 
subjected for 6 hours to extracts C, 06G15@60oC, 06G15@70oC, 06G15@80oC & 07G15@90oC at a concentration of  3.33mg/

ml. Extracts obtained at the 4 different temperatures 60, 70, 80 & 90o C respectively.

Key: M-Marker, C-Control, Extracts, 660 = O6G15@ 60oC, 670 = O6G15@ 70oC, 680 = O6G15@ 80oC, 790 = O7G15@ 90oC
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Figure 4C. Gel electrophoresis bar chart showing Relative expression of  IL-7 mRNA after IEC- 6 cells were subjected for 
6 hours to extracts C, 06G15@60oC, 06G15@70oC, 06G15@80oC & 07G15@90oC at a concentration of  3.33mg/ml. Extracts 
obtained at the 4 different temperatures 60, 70, 80 & 90o C had better expression of  IL-7 mRNA compared to the control C 
with 0680 being significantly different from the Control (P≤0.05). Data are presented as the means ± SD of  three parallel 
experiments conducted in triplicate.
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Table 2. Mean relative IL-7 mRNA expression.

Treatment Mean IL 7 mRNA ± SD
Control 0.992±0.160
660 1.183±0.221
670 1.258±0.124
680 1.259±0.006*
790 1.128±0.096

*Significantly different from control at p≤0.05
Table 3: Mean relative IL-7 mRNA expression

Treatment Mean IL 7 mRNA ± SD
Control 1.367±0.240
660 1.643±0.130
670 1.909±0.051*
680 2.258±0.884
790 1.686±0.299

*Significantly different from control at p≤0.05
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Figure 5A & B. Gel electrophoresis respectively for GAPDH mRNA and IL-7 mRNA expression after IEC- 6 cells were 
subjected for 6 hours to extracts C, 06G15@60oC, 06G15@70oC, 06G15@80oC & 07G15@90oC at a concentration of  100µg/

ml. Extracts obtained at the 4 different temperatures 60, 70, 80 & 90o C respectively.
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Figure 5C. Gel electrophoresis bar chart showing Relative expression of  IL-7 mRNA after IEC- 6 cells were subjected for 
6 hours to extracts C, 06G15@60oC, 06G15@70oC, 06G15@80oC & 07G15@90oC at a concentration of  100µg/ml. Extracts 

obtained at the 4 different temperatures 60, 70, 80 & 90o C had better expression of  IL-7 mRNA compared to the control C 
with 0670 being significantly different from the Control. Data are presented as the means ± SD of  three parallel experiments 

conducted in triplicate
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values (Table 6, figure 9 & 10). A larger spleen size may suggest 
a heightened baseline activation state or pre-expansion of  a re-
sponding cell population

Flow Cytometry- Immunofluorescence staining of  mice 
Cells by Lysed Whole Blood Method.

Flow Cytometry analysis of  whole mouse peripheral blood was 
done to determine the effect of  different treatments on the lym-
phocytes associated with immunomodulation and cancer cell Im-
munosurveillance. Total CD3+, CD4+ and CD8+ cell numbers 
were assessed. The CD4+ and CD8+ cells are represented as a % 
of  the total CD3+ cells. The CD4+ and CD8+ cells in the mice 
which received the mushroom polysaccharide extracts were found 

Figure 6. Balb/C mice infected with CT -26 tumor cells. Figure shows the tumor resulting from the infection

Figure 7: The mean tumor index in the normal group and three experimental groups of  Balb/C mice infected with Colon 
Cancer tumor cells. Test group has a significant difference compared to the untreated negative control group.

Table 4: Effect of  treatment on the tumor weight of  Balb/C mice infected with Colon cancer CT-26
tumor cells

Group Tumor index ± SD
Normal 0.000±0.000
Negative 0.224±0.010
Positive 0.210±0.020
Test 0.200±0.016*

*Significantly different from the Negative control group at p≤0.05
Table 5. Mortality rate of  mice infected with colon cancer tumor cell

Treatment Day 10 Day 11 Day 12 Day 13 Day 14 Day 15 % Survival
Normal 15 15 15 15 15 15 100%
Negative control 15 14 13 11 10 8 53.33%
Positive control 14 13 13 13 12 11 73.33%
Test group 15 12 12 12 11 11 73.33%
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Table 6. Effect of  treatment on the weight of  immunity organs in Balb/C mice infected with CT-26 Colon cancer tumor 
cells

Index Normal healthy
mice

Negative control Positive control Test group

The spleen
index

4.095±0.410 6.538±2.142* 6.23±1.335* 9.403±2.159*

The thymus
index

1.997±0.632 0.468±0.207* 0.490±0.440* 0.314±0.131*

* Significantly different from the normal mice at P≤0.05.

Figure 8: The % survival at the end of  in vivo assay for the Normal healthy group and three infected groups. The % survival 
rate on day 15 in the infected mice treated with either Cyclophosphamide or Mushroom polysaccharide extracts was higher 

at 73.33% compared to 53.33% for the mice that received no treatment

Figure 9: The mean thymus index in the normal group and three experimental groups of  Balb/C mice infected with Colon 
Cancer tumor cells. No significant difference noted in mean thymus index among the infected groups but all infected 

groups indexes are significantly different from the healthy group (p≤0.05).

to be significantly different (p≤0.05) from the untreated control 
mice (Table 7, Figures 11, 12, 13).

Relative IL 7 Gene expression in mice small intestines 

The Intestinal epithelial cells have been shown to express IL 7 
mRNA in vitro elsewhere in this work. More so when the cells 
were subjected to polysaccharide extracts from fungi grown on 
media supplemented with the Chinese herb Gancao residues. 

In order to ascertain that this was also the case in vivo, a small 
section of  mouse small intestine was excised from all four ex-
perimental groups and total RNA and cDNA obtained using con-
ventional methods. Two genes GAPDH and IL 7 were amplified 
using quantitative real time PCR. Relative to GAPDH mRNA, the 
expression of  IL 7 mRNA was 2.5 times higher in mice receiving 
the test drug (polysaccharide extracts) and was significantly dif-
ferent from the reference normal mice. There was no significant 
change in levels of  expression of  IL 7 mRNA in the negative 
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control mice (Table 8, Figure 14).

Mouse Interleukin 7 cytokine (IL 7) in serum and Intesti-
nal mucosa

A standard curve was drawn and used to estimate the concentra-
tion of  IL 7 in the samples of   Normal group, Negative control 

group, Positive control group (Cytoxin group) and Test group 
(Receiving the polysacharride extract). OD  value was located on 
the Y- axis and a horizontal line extended to the standard curve. 
At the point of  intersection, a vertical line was drawn  to  the  X-
axis  and  the  corresponding  concentration  read.  The  concen-
trations  in peripheral blood were determined to be approximately 
15, 16, 18 & 19 pg/ml  while in the intestinal mucosa 5, 12, 12.5 

Figure 10. The mean spleen index in the normal group and three experimental groups of  Balb/C mice infected with Colon 
Cancer tumor cells. No significant difference noted in mean spleen index among the infected groups but all infected groups 

indexes are significantly different from the healthy group (p≤0.05).

Table 7. Effect of  treatment on the Lymphopoiesis in Balb/C mice infected with colon cancer tumor.
Treatment CD4+ compared to CD3 cells as 

a %
CD8+ compared to CD3 
cells as a %

Both CD4+ and CD8+ com-
pared to CD3 cells as a %

Normal 78.244±1.498 20.936±1.109 0.820±0.275
Negative
control

73.375±0.714 22.00±0.746 0.837±0.260

Positive
Control

77.660±1.259 20.845±1.011 0.808±0.364

Test group 82.083±0.942* 16.604±1.107* 1.313±0.319*
*Significantly different from the negative control at P≤0.5.

Figure 11. The mean number of  CD4+ cells as a % of  the total CD3+ positive cells in the three experimental groups. The 
mean number of  CD4+ cells is significantly higher in the Mushroom Polysaccharides Test group than the untreated nega-

tive control group (P≤0.05).
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Table 8. Relative IL 7 mRNA expression for the four experimental groups; Normal group, Negative control group, Positive 
control group & the test group in mice small intestines after treatment. Except the normal group, other groups had CT26 

cancer cell tumors.
Group Mean Relative IL 7 mRNA Expression ±SD
Normal 1.006±0.274
Negative control 1.159±0.515
Positive control 1.433±0.340
Test group 2.517±0.656*

*Significantly different from the normal group

Figure 12. The mean number of  CD8+ cells as a % of  the total CD3+ cells in the three experimental groups. The mean 
number of  CD8+ cells is significantly lower in the Mushroom polysaccharides Test group compared to the Negative control 

group (P≤0.05).

Figure 13. The mean number of  cells that are both CD4+ and CD8+ as a % of  the total CD3+

cells. The mean number of  both CD4+ and CD8+ cells are significantly higher in the Huaier Mushroom Polysaccharides 
test group compared to the untreated negative control group (P≤0.05).

& 16 pg/ml for the normal, negative control, positive control and 
test groups respectively (Table 9, figure 15&16).

Levels of  other Cytokines in Peripheral blood

Levels of  Cytokines some of  which share the common receptor 
gamma chain (γc), a component of  their receptors and classically 
defined as growth and survival factors with IL 7 were also assayed 
in peripheral blood. They have been found to improve the sur-
vival and proliferation of  T cells in vitro [31]. These included IL 

2 and IL 15. IL 2 (19.807±10.959‡) & IL 15 (266.000±119.025*) 
levels were found to be significantly raised compared to either the 
normal animal group or negative control group. IL 6 and IL 10 in-
volved in humoral immunity [32] were equally raised compared to 
either the normal animal group or negative control group. TNFα 
which supports cell-mediated immunity was found to be signifi-
cantly. (P≤0.05) different from the normal group, higher levels 
being seen in polysaccharides treated group (16.042±1.158*), (Ta-
ble 10, Figure 17 A, B, C, D, E & F).
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Discussion

From cell proliferation data, Trametes robiniophila murr (Huaier) 
polysaccharide extracts were observed to have minimal or no cy-
totoxicity to IEC-6 cells. Huaier polysaccharide extracts report-
edly have no cytotoxicity to L-929 normal cells [33]. Mushrooms 
polysaccharides have been consumed as food stuff  for centuries 
with over 3000 species reportedly being edible and 700 among 
them being medicinal with only 1% reported as poisonous [34]. 
Mushroom polysaccharide extracts from the Chinese  mushroom  
Trametes  robiniophila  murr  (Huaier)  are  therefore  relatively  safe  
for consumption as dietary supplements or Phytomedicines. 
IEC-6 cells exposed to mushroom polysaccharide extracts at 
two concentrations of  100µg/ml and 3.33mg/ml positively ex-
pressed IL-7 cytokine. Intestinal epithelial cells (IEC) have been 
implicated in IL-7 synthesis before [21]. IL-7 has been associated 
with potential for adoptive immunotherapy [13]. IL-7 cytokine 
produced can be associated with the immunomodulation medici-
nal value present in this species of  mushroom. Mushrooms have 
been previously reported as having protective mechanism against 
cancer is their capacity to stimulate the immune system response 
where beta-glucan, a water-soluble polysaccharide is presumed to 

activate certain immune cells and proteins that attack cancer, in-
cluding macrophages, T-cells, natural killer cells, and interleukins 
[5,35,36]. The cells exposed to 6 hours and 3 hours express IL-7 
mRNA in a time dependent way. The expression at 3 hours was 
not significantly different from the control but a significant dif-
ference was noticed on exposure to 6 hours. At 100µg/ml the 
expression of  IL7 is better than at 3.33mg/ml. The difference 
might be explained away as a result of  shock due to sudden ex-
posure to a high dose despite lack of  noticeable toxicity therefore 
possibly needs more time as shown by results due to exposure for 
72hours. Cells might thus require a longer adjustment time to the 
new micro-environment. In the lower dose cells continue with 
normal metabolic processes catalyzed by the extracts hence the 
better expression at the lower dose. The lower dose would pos-
sibly be more acceptable in drug dosage design.

The thymus weight indexes (figure 13) in the tumor cells infected 
test groups of  mice are significantly lower than in the untreated 
healthy mice. This is possibly indicative of  the role played by thy-
mus gland in immune responses to tumor cells. The production 
of  lymphocytes in great numbers possibly leading to eventual de-
generation of  the organ as happens in nature with age. The indi-

Figure 14. Relative IL 7 mRNA expression for the four experimental groups; Normal group, Negative control group, Posi-
tive control group & the test group in mice small intestines after treatment. The Test group is significantly different from 

the normal group (P≤0.05).

Figure 15. Elisa assay bar chart representing optical density Intestinal mucosa IL 7 for the four experimental groups; Nor-
mal group, Negative control group, Positive control group & the test group. The Test group has higher OD values com-

pared to all other groups & which are significantly different from the normal group.
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Table 9. Represents the optical density of  Intestinal mucosa & Serum IL 7 cytokine for the four experimental groups; Nor-
mal group, Negative control group, Positive control group & the Test group. Except the normal group, other groups had 

CT26 cancer cell tumors
Treatment group Optical Density (450nm)± SD

Intestinal mucosa IL 7 Serum IL 7
Normal 0.055±0.10 0.161±0.029
Negative control 0.088±0.009* 0.165±0.019
Positive control 0.089±0.004* 0.182±0.023
Test 0.113±0.029* 0.196±0.035

*Significantly different from the Normal at P<0.05
Table 10: Represents the concentration (pg/ml) of  IL 2, 6, 10, 15, 17 & TNFα Cytokines in the peripheral blood of  the four 
experimental groups; Normal group, Negative control group, Positive control group & the Test group. Except the normal 

group, other groups had CT26 cancer cell tumors.

Treatment IL2 (pg/
ml)±SD

IL6 (pg/ml)±SD IL10(pg/
ml)±SD

IL15 (pg/ml)±SD IL17 (pg/
ml)±SD

TNFα (pg/
ml)±SD

Normal
Group

2.420±0.100 4.148±4.540 24.960±3.521 52.620±13.910 2.800±0.000 13.262±1.275

Negative
control
Group

5.482±0.942 504.333±112.046* 19.790±11.328 43.957±5.600 4.235±1.518* 15.597±0.905*

Positive
control
Group

4.136±1.113 725.000±562.154* 23.290±11.125 49.905±19.073 2.487±0.332* 18.907±2.371*

Test 
Group

19.807±10.959‡ 2794.667±1802.563* 43.223±21.372 266.000±119.025* 3.477±0.527* 16.042±1.158*

*Significantly different from the Normal mice at P≤0.05. ‡ Significantly different from the Negative control at P≤0.05

Figure 16: Elisa assay bar chart representing optical density Serum IL 7 for the four experimental groups; Normal group, 
Negative control group, Positive control group & the test group. The Test group has higher OD values compared to all 

other groups & which are not significantly different from the normal group.

ces are also a reflection of  higher mean weights in cancer cases 
when using the mushroom polysaccharides extract. This could 
be a positive indicator of  the overall usefulness of  Trametes rob-
iniophila polysaccharide extracts when considered in totality as a 
nutritional form of  treatment. Thymus gland undergoes slower 
atrophy in healthy mice as it is not subjected to undue pressure 
to raise the level of  immunity. The function of  thymus gland in 
immune responses is demonstrated in this research. The converse 
is true for the spleen weight indices. The spleen indices (figure 
14) are significantly higher in mice infected with tumor cells and 
more so higher in mice treated with mushroom polysaccharides. 
This may be indicative of  formation of  more splenocytes as a re-

sponse to the positive challenge by the tumor cells. This too may 
be indicative of  better treatment outcome in mice subjected to 
the mushroom polysaccharides. This may be a further demonstra-
tion of  the immunological response including expansion of  the 
lymphocytes pool initiated in the spleen due to the presence of  
the foreign cancer cells. T-cells stored in the spleen are activated 
and mobilized to perform their immune functions.

The treatments affect Lymphopoiesis differently with the ef-
fect being spread across T lymphocytes CD4+ and CD8+ under 
consideration. In vivo, administration of  IL-7 has been demon-
strated to enhance peripheral T-cell functional capacity and ex-
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pand the peripheral T-cell population [22]. Geiselhart et al. [37] 
have reported that IL-7 administration alters the peripheral T-
cell CD4:CD8 ratio, and results in increases in peripheral T-cell 
numbers and altered function. The percentage of  CD8+ T cells is 
higher in the spleen, leading to an inverse CD4/CD8 ratio. Thus, 
the distribution of  the different lymphocyte subsets is markedly 
different between spleen and peripheral blood, inferring an im-
portant and distinct role for the spleen in CD4+ and CD8+ T cell 
activation [38].

There is a possibility that other organs besides the thymus and 
spleen are involved in generation and or maturation of  T-lym-
phocytes. The Intestinal mucosa could possibly be a source of  the 
T lymphocytes. The higher proportion of  CD4+ and CD8+ cells 
(Figures 15, 16, & 17) in the Mushroom Polysaccharides treat-
ment group comparable to conventional treatment is thought 
to be indicative of  better prognosis in disease outcome. CD4+ 
T cells, also known as T-helper (Th) cells, play an important role 
in orchestrating adaptive immune responses to various infectious 
agents [27]. They are also involved in the induction of  autoim-
mune and allergic diseases. Upon T-cell receptor (TCR)-mediated 
cell activation, naive CD4+ T cells can differentiate into at least 
four major lineages, Th1, Th2, Th17, and iTreg cells that partici-
pate in different types of  immune responses [27]. This study has 
confirmed the postulation that IL-7 is thought to be produced by 
the intestinal epithelial cells (IEC) and, IL-7 has been indicated 
as having potential for adoptive immunotherapy and is capable 
in vi vo of  causing CD4+ T cell dependent destruction of  tumor 
cells [13]. CD4+ T cells play a critical role in the development of  
effective anti-tumor immunity [14]. IL-7 is thought to function in 
the immune system by providing the right cells in sufficient num-
bers to support and improve specific immune responses against 
infectious agents and malignant cells [29]. Mushroom polysac-
charides would seem to rightly so as speculated to be acting as 
the stimulants in IEC IL -7 synthesis which leads to the cascade 
events leading to higher CD4+ cells observed. The mechanism of  

action of  Mushroom polysaccharides could therefore be through 
stimulation of  Intestinal Epithelial Cells which causes up regula-
tion of  IL -7 which then stimulates immune organs including the 
intestinal mucosa to produce more CD4+ and CD8+ lymphocytes 
as well as ensures their long survival. This is supported by the up 
regulation of  IL 7 mRNA to 2.5 times in the small intestines in 
the test group. Positive effect of  mushroom polysaccharides is 
also confirmed by the lower mortality rate (Table 5 and figure 
12) in this group at the end of  assay and lower tumor weight 
indices. Mushroom polysaccharides have been shown to produce 
over 50% reduction in tumor size and prolong the survival time 
of  tumor bearing mice [5].

Elevated levels of  IL-7 in serum could be associated with T-cell 
lymphopenia and, could be reflecting a homeostatic response, re-
covery of  CD4+ counts should therefore lead to a decline in IL-7 
levels. The levels of  IL-7 observed in the circulation are likely to 
reflect more significant alterations of  available IL-7 within the 
tissue microenvironment in the thymus and would be compatible 
with IL-7 as a primary regulator of  T-cell homeostasis. Similarly, 
circulating IL-7 levels might only rise after increases have already 
occurred in the thymus tissue to a level sufficient to allow “spillo-
ver” into the circulation. Elevation of  IL-7 within the lymphoid 
microenvironment in mice with CD4+ depletion contributes to 
the increased peripheral expansion, accumulation of  activated 
cells, and thymic rebound observed CD4- depleted hosts [39,40].

The inducible IL-7 production and enhanced IL-7 activity after 
lymphopenia are implicated in the activation of  CD4+ and CD8+ 
T cells in autoimmune diseases, such as rheumatoid arthritis, ex-
perimental autoimmune encephalomyelitis and type I diabetes 
[41]. Infiltration of  the tumors by the CD4+ and CD8+ cells signi-
fies better prognosis in cancer cases [18]. The contact circulating 
lymphocytes have with cancer cells is useful for Immunosurveil-
lance because their deficit favors malignancy progression [37]. 
The polysaccharide extract from Trametes robiniophila is able also to 

Figure 17: Levels of  Cytokines which share the common receptor gamma chain (γc), with IL 7 in the four experimental 
groups. A = IL 2, B = IL 6, C = IL 10, D = IL 15, E = IL 17 & F = TNFα.

A

stimulate increased levels of  IL-6 and TNF-α which are associat-
ed with inflammatory effects linked to anti-tumor activity. IL-2 on 
the other hand is expressed by activated CD4+ & CD8+ T cells. It 
could therefore be confirming the role of  Polysaccharide extracts 
tested in up regulating the expression of  IL- 7 and production of  
IL-7 cytokine responsible for higher levels of  activated CD4+ & 
CD8+ cells. IL-2 protects against autoimmunity [31,32]. Maintain-
ing equilibrium between these two cytokines is thought to have 

therapeutic potential and Trametes robiniophila polysaccharide ex-
tracts have been demonstrated in the current research to have the 
potential to help maintain this balance. Botanical polysaccharides 
mushroom polysaccharides included, exhibit a number of  benefi-
cial therapeutic properties and the mechanisms involved in these 
effects could also be due to the modulation of  innate immunity 
and, more specifically, macrophage function. The Huaier polysac-
charide extract is considered in this study as being useful in the
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fight against Cancer.

Conclusion

Polysaccharide extracts obtained from mushroom Trametes rob-
iniophila murr grown on media supplemented with Chinese herb 
Gancao (G. glabra L.) up regulates IL-7 mRNA both in vitro and 
in vivo in Intestinal epithelial cells. In vivo IL-7 cytokine transcrip-
tion increases in the intestinal mucosa. CD4+ cells levels increase 
in the peripheral blood. Huaier polysaccharide extracts offer an 
alternative treatment to cancer cases (figure 18). It can be em-
ployed as a Nutraceutical for immunotherapy and Immunosur-
veillance. The mechanism of  action has been deduced to probably 
be stimulation of  IEC cells to produce increased IL-7 Cytokine 
responsible for resultant adaptive immunity and cancer immuno 
surveillance. The inclusion of   Trametes  robiniophila  murr  poly-
saccharide  extracts  as  a  Nutraceutical  in  the management of  
Cancer patients is recommended.
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