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Background: Polysaccharides from various sources are being considered potential sources for 

the treatment of liver cancer. The aim of this study was to investigate the impact of polysac-

charide isolated from Panax notoginseng (PPN) on the proliferation of H22 liver cancer cells 

and the survival of the tumor-bearing mice transplanted with H22 cells.

Materials and methods: Polysaccharide from PPN was added to the culture medium of 

mouse hepatoma H22 cells at different doses. Cell proliferation was assayed with a standard 

MTT assay. Survival rates of tumor-bearing mice were recorded. Peripheral blood lymphocytes 

were assayed by flow cytometry. Serum interleukin-2 levels in peripheral blood were measured 

by enzyme-linked immunosorbent assay.

Results: Polysaccharide from PPN inhibited the growth of H22 cells and significantly prolonged 

the survival of tumor-bearing mice. The increase in activated CD4+ T-cells and the elevation of 

serum interleukin-2 may contribute to the antitumor activity of PPN.

Conclusion: PPN has potential antitumor activity for the treatment of liver cancer.

Keywords: polysaccharide, Panax notoginseng, liver cancer, immunotherapy, IL-2

Introduction
Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related mortality 

worldwide, with an estimated 1 million new cases each year.1 The median survival after 

diagnosis is approximately 6–20 months,2,3 because HCC cases are usually diagnosed 

at the late stage. Forty percent of patients with HCC who were diagnosed earilier had 

a greater chance for potentially curative treatments (resection, transplantation, or local 

ablation). Twenty percent of the patients are eligible for chemoembolization, and the 

remaining 40% with unresectable lesions are mainly dependent on systemic therapies.4 

Despite recent advances in chemotherapy for HCC, the outcomes of anticancer therapy 

remain unsatisfactory, especially in terms of survival. Thus, further improvement of 

therapies on long-term survival and the improvement of the quality of life for HCC 

patients are urgently needed. Immunotherapy using polysaccharides to enhance host 

defense responses against tumors is currently receiving great attention as supporting 

treatment modalities in the management of patients with cancer. Polysaccharides 

extracted from various sources including higher plants demonstrated profound effects 

on the immune system and are relatively nontoxic.5 For example, Lentinan, a polysac-

charide from Lentinus edodes, has been successfully used in the treatment of various 

types of cancer.6 Thus, the discovery of polysaccharides with antitumor activity from 

new sources will broaden the drug choices for HCC immunotherapy.
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Panax notoginseng (PPN) (Burk) F.H. Chen (Araliaceae) 

is a well-known traditional Chinese herbal medicine indige-

nous to the Wenshan city of the Yunnan province.7 The root of 

the plant has been used for the treatment of cardiovascular dis-

ease, inflammation, various body pains, trauma, internal and 

external bleeding due to injury, and as a tonic.8 Low molecular 

weight components, especially the dammarane-type saponins, 

are believed to be the principal bioactive components of PPN 

and have been well studied.9–26 The high molecular weight 

fraction (mainly PPN) was mainly ignored previously and 

has been attracting more attention due to its immunomodulat-

ing activities.27,28 The total polysaccharide fraction has been 

shown to stimulate murine spleen lymphocyte proliferation 

in vivo and in vitro and to antagonize the action of the T-cell 

suppressor, cyclosporin A.28 A fraction with a molecular 

weight of 1,500 kDa, isolated from the roots of PPN, showed 

the ability to activate the reticuloendothelial system.29 Gao  

et al found that the water-soluble high molecular weight frac-

tion induced the production of interferon (IFN)-γ and IFN-α 

in mouse spleen lymphocytes and peritoneal macrophage cell 

culture, while the weak alkali-soluble fraction showed anti-

complement activity, as well as cytokine induction activity.27 

A polysaccharide fraction mainly composed of α (1,4)-glucan 

(likely to be starch) from the roots of PPN showed cytotoxicity 

to a leukemia NAML-18 cell line.30 For the best utilization of 

PPN fractions of PPN, we successfully developed a reliable 

and an effective method to extract alcohol-insoluble PPN from 

the industrial residues of notoginsenosides extract.31

In the current study, we applied the purified PPN to H22 

hepatoma cells in vitro and tumor-bearing mice in vivo to 

evaluate the immunomodulatory and antitumor activities of 

PPN. Our results showed that PPN extended the life span of 

H22 tumor-bearing mice as well as weakly reduced the prolifer-

ation of H22 cells in vitro. These mechanistic studies indicated 

that PPN enhanced the immune system in vivo. Our studies 

may provide a novel choice for cancer immunotherapy.

Materials and methods
Reagents and instruments
PPN used in the experiment was prepared by hot water 

extraction and ethanol deposit as described by Zhao et al.31 

The purity of PPN is 56.70%, as determined by the anthrone 

sulfuric acid colorimetric method. PPN was dissolved in 

ddH
2
O to the desired concentration without any precipitation. 

The pH of the PPN solution is 4.22.

Roswell Park Memorial Institute (RPMI)-1640 medium was 

purchased from Thermo Fisher Scientific (Waltham, MA, USA). 

Lentinan was purchased from Chuangli Pharmaceutical Co., 

Ltd. (Xiangfan, People’s Republic of China). Anti-mouse 

BIOTIN-CD8, anti-mouse FITC-CD4, anti-mouse PE-CD49b, 

and anti-mouse antigen-presenting cell (APC)-CD3 were pur-

chased from BD Biosciences (San Jose, CA, USA). The inter-

leukin (IL)-2 enzyme-linked immunosorbent assay (ELISA) 

Kit was purchased from NeoBioscience Technology Company 

(Shenzhen, People’s Republic of China).

Experimental animals and cell lines
Female Kunming mice (18–22  g) were provided by the 

Laboratory Animal Center of Kunming Medical University. 

H22 hepatoma cells were provided by the Shanghai Institute 

of Materia Medica, Chinese Academy of Sciences. H22 

cells were grown in the RPMI-1640 medium. Cells were 

maintained at 37°C in a 5% CO
2
-humidified atmosphere. All 

experimental procedures were performed in accordance with 

the Guidelines of Animal Experiments from the Committee 

of Medical Ethics, National Health Department of China. 

This study, including animal experiments and the use of cell 

lines, was approved by the Committee of Medical Ethics, 

National Health Department of China.

Cell viability assay
The cytotoxicity of PPN on H22 cells was measured using the 

3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide 

(MTT) assay. Briefly, cells (6×104 cells/well) were seeded 

into 96-well microtiter plates overnight and treated with PPN 

(20–2,000 µg/mL) for 24 hours. At the end of the exposure, 

20 µL of 5 mg/mL MTT was added to each well and incubated 

for 4 hours at 37°C, and then the triplex solution (10% sodium 

dodecyl sulfate, 5% isobutanol and 0.012 M HCl) was added 

and incubated for 8–12 hours at 37°C. The plates were gently 

mixed and read in a microplate reader with a test wavelength of 

570 nm and a reference wavelength of 630 nm to obtain sample 

signal (optical density [OD]
570

–OD
630

). The cell proliferation 

of the control group treated with saline was normalized to 

100%. The cell inhibitory rate (IR%) was calculated as IR% = 

(1 − OD of treated/OD of control group) ×100%.32,33

Establishment of H22 solid tumor-bearing 
mouse model
Under sterile conditions, ascites was extracted from mice 

7 days after intraperitoneal inoculation of H22 cells. Based 

on cell morphology, the ascites was ready for use when the 

number of tumor cells exceeded 97% of the total. The ascites 

was diluted to a ratio of 1:3 with sterile saline. Then, 0.2 mL 

cell suspension (3.3×107 cell/mL) was subcutaneously inocu-

lated into the right armpit region of each Kunming mouse. 

The longest diameter and perpendicular short diameter of 

each tumor were recorded every 2 days.
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Tumor volume the longest diameter

the square of short 

= ×
×
0 5.

ddiameter.� (1)

Because the average time of survival of the control group 

administered saline was 20.8 days, tumor volumes of each 

group on the 19th day were plotted as mean ± SD.

PPN administration in H22  
tumor-bearing mice
Twenty-four hours after H22 inoculation, the mice were 

randomly divided into five groups, with each group con-

taining seven to nine mice. The mice of one group were 

only given the normal saline (NS) and used as the negative 

control. The mice of another group were treated with Len-

tinan (247 mg/kg) and used as the positive control, because 

Lentinan is a polysaccharide with known antitumor activity 

against colon cancer in a mouse model.34 The mice of the 

other three treatment groups were orally administrated PPN 

with low dose (180 mg/kg), medium dose (360 mg/kg), or 

high dose (720 mg/kg). All the mice were orally adminis-

trated with 0.4 mL saline, Lentinan or PPN solutions once a 

day until the end of the experiment.

Lymphocyte subpopulation analysis
Twenty-four hours after the establishment of the H22 model, 

the transplanted mice were randomly divided into three 

groups, with each group containing six mice: the NS group, 

Lentinan group (the positive control), and the PPN group 

(360 mg/kg). After 10 days, peripheral blood was collected 

from the orbital venous plexus of each mouse. The cells were 

then incubated in red blood cell lysis buffer for 15 minutes 

to lyse red blood cells. The remaining white blood cells 

were washed twice with 1× phosphate-buffered saline and 

resuspended in 1× phosphate-buffered saline. These white 

blood cells were labeled with fluorescent monoclonal anti-

bodies (anti-mouse BIOTIN-CD8, anti-mouse FITC-CD4, 

anti-mouse PE-CD49b, and anti-mouse APC-CD3; BD 

Biosciences) and analyzed with a Partec flow cytometer 

(Partec, Norderstedt, Germany). The experimental data were 

analyzed with CELLQuest software.

Analysis of IL-2 expression
Twenty-four hours after the establishment of the H22 cell 

inoculation, the transplanted mice were randomly divided 

into three groups, with each group containing six mice: 

the NS group, Lentinan group, and the PPN (360 mg/kg) 

group. After 10 days, peripheral blood was collected from 

the orbital venous plexus. Then, the blood was centrifuged 

for 10 minutes at 2,500 rpm at 4°C. The sera were collected, 

and the levels of IL-2 were immediately analyzed using an 

IL-2 ELISA Kit (NeoBioscience Technology Company) 

according to the manufacturer’s instructions.

Statistical analysis
The Kaplan–Meier survival curves were generated by 

PRISM software. Log-rank (Mantel–Cox) test was used for 

the statistical analysis (P,0.05 was considered statistically 

significant). For the other analyses, the least significant 

difference analysis of variance (ANOVA) was used for the 

significance test. Data were all presented as mean ± SD; 

one-way ANOVA and comparison among groups were 

performed using the SPSS 17.0 statistical software and a 

probability of ,0.05 (P,0.05) was considered statistically 

significant.

Results
PPN reduced the proliferation of H22 
cells
To investigate the anti-hepatoma activity of PPN in vitro, PPN 

extracts from the roots of PPN were added to the cultured H22 

cells at different concentrations. The proliferation of H22 

cells was then examined using the MTT method 24 hours 

after adding the PPN solution. As shown, H22 cells showed 

significantly reduced cell metabolic activity at 200 µg/mL, 

500 µg/mL, 1,000 µg/mL, and 2,000 µg/mL PPN treatment 

(Figure 1), suggesting a reduction in proliferation. However, 

those high doses (from 0.5 mg/mL to 2 mg/mL) in the H22 

Figure 1 Inhibition of H22 cell growth with PPN treatment.
Notes: PPN was added to culture medium at different concentrations, and the 
cells were kept at 37°C for 24 hours. Next, a standard MTT assay was performed 
to measure the impact on the cellular metabolism of the H22 cells. The percent 
cellular metabolism is the normalization of OD570 value to the control cells without 
treatment. Each data point represents the mean of three independent experiments. 
*Indicates P,0.05.
Abbreviations: MTT, 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide; 
OD, optical density; PPN, Panax notoginseng.
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cell culture media are still insufficient for half-maximal 

inhibition of H22 cell proliferation. This suggests that PPN 

only weakly inhibits H22 cell proliferation in vitro.

Oral PPN administration showed no 
obvious toxicity to mice, inhibited tumor 
growth, and prolonged the survival of 
H22 tumor-bearing mice
To investigate the anti-hepatoma activity of PPN in vivo, 

we established a tumor model with subcutaneous inocula-

tion of H22 cells into each Kunming mouse. The mice 

were treated with different doses of PPN 24  hours after 

the inoculation of tumor cells. The body weight curves of 

the saline control and each treatment group showed similar 

patterns (Figure 2A). No body weight loss was observed 

while PPN or Lentinan was applied. The result indicates 

that at those doses, PPN did not show any obvious toxicity. 

However, the administration of both PPN (at different 

doses) and Lentinan reduced tumor volumes (Figure 2B) 

as compared to the control mice. As shown in Figure 3, the 

median (50%) survival of tumor-bearing mice treated with 

low-, medium-, and high-dose PPN was 29 days, 37 days, 

and 32 days, respectively, as compared to the 20 days of the 

negative control. The administration of medium-dose PPN 

(360 mg/kg) prolonged the survival of tumor-bearing mice 

most effectively and extended the average life span of those 

mice by 85%, as compared to the negative control group. 

Although the group treated with Lentinan (positive control) 

showed the longest median survival (39.5 days), there is no 

statistical difference in survival between the Lentinan and 

medium-dose PPN (360 mg/kg) treatment group (P=0.3819). 

However, the Lentinan dose (247 mg/kg) is less compared to 

the best PPN polysaccharide dose (360 mg/kg). This result 

suggests that the administration of PPN could prolong the 

survival of tumor-bearing mice similar to that of Lentinan, 

with a higher dose. Furthermore, four tumor-bearing mice 

from the PPN treatment eventually achieved full regres-

sion of the tumor. Rechallenge to those mice with the same 

amount of H22 cells did not result in tumor development 

(data not shown).

PPN administration significantly increased 
the number of T-cells, but not the natural 
killer cells
To investigate the impact of PPN administration on the 

immune system, the lymphoid cell population in the periph-

eral blood of tumor-bearing mice was analyzed by flow 

cytometry as shown in Figure 4A–C. As shown in Figure 4D 

and E and Table 1, PPN administration significantly increased 

the CD3+, CD4+ T-cell population in the peripheral blood 

over that of the negative control group (P,0.05). Lentinan 

treatment showed a similar effect. Higher numbers of natural 

killer (NK) cells were also detected in the PPN-administered 

group than in that of the negative control group, but the 

Figure 2 PPN treatment did not show obvious toxicity and reduced tumor growth in vivo.
Notes: (A) Twenty-four hours after H22 inoculation, the mice were randomly divided into five groups, with each group containing six mice. Mice in each group were orally 
administered 0.4 mL of NS, Lentinan (247 mg/kg), or PPN with low dose (180 mg/kg), medium dose (360 mg/kg), or high dose (720 mg/kg). Mice were weighed every 2 days. 
Body weight curves were plotted as mean ± SD. (B) The longest diameter and perpendicular short diameter of the tumor were recorded every 2 days. Tumor volumes were 
calculated by 0.5× the longest diameter × the square of short diameter. The tumor volumes of each group on the 19th day were plotted because the average time of survival 
of the saline control group was 20.8 days (*P,0.05).
Abbreviations: NS, normal saline; PPN, Panax notoginseng.
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difference was not statistically significant (P.0.05; Table 1). 

There were also no statistically significant differences in 

CD8+ T-cells between the control and treated groups.

PPN administration significantly increased 
serum IL-2 level
The elevation of soluble IL-2 in the blood is an important 

indicator of the activation of lymphocytes. To study the 

impact of PPN treatment on the activation of T-cells, we 

evaluated the levels of IL-2 in the blood of the control and 

treated mice. The serum of the mice with different treatments 

was collected, and the level of IL-2 was analyzed by ELISA. 

As shown in Figure 5, the serum levels of IL-2 in the PPN-

treated groups were significantly elevated as compared to the 

NS-treated group (P,0.01) and close to the level of IL-2 in 

the Lentinan-treated group (positive control).

Discussion
Due to the limited options of current treatments against HCC, 

immunotherapy has become an important adjunctive treat-

ment when combined with a standard treatment. Studies have 

shown that the application of different natural or synthetic 

immunostimulators is a simple way to boost the body’s 

immune system to inhibit tumor growth.35–38 It was reported 

that PPN from the root of PPN has the capability to activate 

many kinds of lymphocytes.27–30 In this study, we investigated 

the impact of PPN administration using an HCC model in vitro 

and in vivo using H22 cells. Our in vitro study showed that 

PPN reduced H22 cell growth in a dose-dependent manner. 

The medium dose of PPN (1,000 µg/mL) showed the best 

effect on reducing H22 cell growth. Although the proliferation 

reduction was significant compared to the control (P,0.05), 

the high dose of PPN (2,000 µg/mL) only inhibited ~32% 

of the H22 cell proliferation. This suggests that PPN alone 

is not sufficient to fully inhibit the H22 cell proliferation in 

vitro. The administration of PPN to H22 tumor-bearing mice 

also significantly reduced tumor growth. More importantly, 

the application of PPN effectively extended the life span 

of tumor-bearing mice up to 85%. The reduction in growth 

in vivo was more significant than in vitro, suggesting that 

other antitumor activity may play a role in enhancing the 

suppression of tumor growth in vivo. Similar results have 

been reported previously. For example, Ganoderma lucidum 

polysaccharides peptide,39 Lentinan,40 polysaccharides of 

Tremella fuciformis,40 and polysaccharide component from 

Antrodia camphorata mycelia41 showed no effect on tumor 

cell proliferation in vitro when they were directly added to 

culture medium. However, those polysaccharides showed 

potent antitumor activity in vivo due to different mechanisms 

of activating cells in the host immune system including cyto-

toxic T-lymphocytes, T helper cells, B-lymphocytes, activated 

macrophages, NK cells, or lymphokine-activated killer (LAK) 

cells. Because PPN shares a similar structure with many other 

polysaccharides, we also examined the impact of PPN on 

the host immune defense system after oral administration. 

The population of CD3+CD4+, CD3+CD8+, and NK cells in 

peripheral blood was examined after the oral administration 

of PPN. Our results showed that the CD3+CD4+ cells were 

significantly increased. CD3+CD8+ and NK cells did not 

show significant changes (Figure 4D and E and Table 1). 

Although DX5 monoclonal antibody used to mark NK cells 

may also detect a subset of T-cells, in our results there was 

no significant difference between the control and treatment 

groups marked with this antibody. These results suggest that 

Figure 3 PPN administration prolonged the survival of H22 tumor-bearing mice.
Notes: Twenty-four hours after H22 inoculation, the mice were randomly divided into five groups, with each group containing seven to nine mice. Mice in each group 
were orally administered 0.4 mL of NS, Lentinan (247 mg/kg), or PPN with low dose (180 mg/kg), medium dose (360 mg/kg), or high dose (720 mg/kg), until the end of the 
experiment. The administration of PPN significantly prolonged the survival of tumor-bearing mice (*P,0.05; **P,0.01; ***P,0.001).
Abbreviations: NS, normal saline; PPN, Panax notoginseng.
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neither NK cells nor this subset of T-cells contributed to the 

antitumor activity of PPN.

Besides the action on immune cells, another important 

function of most polysaccharides is to promote the secretion 

of cytokines such as IL-2, a major mediator of host defense. 

IL-2 regulates communication between APCs, lymphocytes, 

and other host cells during an immune response. After PPN 

treatment, serum IL-2 levels were significantly increased. 

IL-2 secreted by T-cells is a primary component of cellular 

immune function.42 Our results are consistent with the reports 

on CD4+ T-cell-dependent antitumor activity.43 CD4+ T-cells 

play a crucial role in the release of soluble immunomodula-

tory factors such as IL-2 into the tumor microenvironment.43 

The activated CD4+ T-cells can also express CD40L to 

activate APC by CD40–CD40L conjugation leading to 

the maturation of dendritic cells.43 The similar pattern of 

increases in CD3+CD4+ and serum IL-2 levels was also seen 

in mice treated with Lentinan, a well-known immunostimula-

tor, as the positive control.

Recent reports showed that the removal of immune 

blockades increased the cytotoxicity of immunostimulators 

and achieved better antitumor effects.44 It will be very inter-

esting to determine whether the antitumor activity of PPN 

will increase when PPN is combined with agents that mediate 

immune blockades. We tried to combine cyclophosphamide 

(suppressing the CD4+CD25+ Treg cells) with PPN to treat the 

tumor-bearing mice. However, our mice were very sensitive 

to cyclophosphamide and quickly died after the administra-

tion of the lowest dose of cyclophosphamide (as reported in 

literature) either alone or combined with PPN in different 

dosages. We plan to test other immune blockades, such 

as cytotoxic T-lymphocyte-associated antigen 4 (CTLA4) 

antibody in our future studies.

The administration of the medium dose of PPN 

(360 mg/kg) resulted in the longest extension of life span 

of the tumor-bearing mice (by 85%), whereas we observed 

a 45% extension with the low dose (180 mg/kg) and a 60% 

extension with the high dose (720 mg/kg). This may suggest 

that in therapy practice, the PPN dose should be carefully 

assessed to determine the most appropriate dose.

Conclusion
Our studies demonstrate that PPN administration can effec-

tively prolong the life span of tumor-bearing mice likely by 

boosting the host immune system as well as weak cytotoxic 

activity against HCC. PPN therefore may have potential 

application for the treatment of HCC.
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Table1 Effect of PPN on lymphocyte proliferation in tumor-bearing mice (mean ± SD, n=6)

Group Dose OD value

CD3+ CD4+ CD8+ NK cells

PPN 360 mg/kg 48.40±7.80* 37.45±5.10* 8.66±4.10 40.64±3.93
Lentinan 247 mg/kg 48.40±6.55* 36.98±5.92* 8.95±2.51 38.22±1.66
Saline control 0.4 mL 36.26±13.62 26.26±10.83 9.10±3.55 30.64±13.7

Note: Comparison with the negative control group: *P,0.05.
Abbreviations: NK, natural killer; OD, optical density; PPN, Panax notoginseng.

Figure 5 PPN administration elevated the serum IL-2 levels.
Notes: Twenty-four hours after inoculation of the H22 cells, the transplanted mice 
were randomly divided into three groups, with each group containing five mice: the 
NS group, Lentinan group, and the PPN (360 mg/kg) group. After 10 days, the serum 
from each mouse was collected and the levels of serum IL-2 were immediately 
analyzed using an IL-2 ELISA Kit. Both PPN and the Lentinan treatments significantly 
elevated the serum IL-2 levels (P,0.01) versus the normal saline group (**P,0.01; 
***P,0.001).
Abbreviations: ELISA, enzyme-linked immunosorbent assay; IL-2, interleukin-2; 
NS, normal saline; PPN, Panax notoginseng.
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