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Abstract This study was carried out to evaluate the effects of a
Huaier polysaccharide (TP-1) on the tumor growth and immune
function in hepatocellular carcinoma (HCC) H22-based mouse
in vivo. Results showed that TP-1 was capable of repressing
transplanted H22 solid hepatic tumor cell growth in vivo,
prolonging the live time of mice bearing ascetic H22 tumors,
and repressing the pulmonary metastasis of H22-bearing mice.
Moreover, the relative weight of immune organ (spleen and
thymus) and lymphocyte proliferation were improved after TP-
1 treatment. Furthermore, the treatment with TP-1 could promote
immune-stimulating serum cytokines, such as IL-2 and IFN-γ,
but inhibit immune-suppressing serum cytokines IL-10 secretion
in H22-bearing mice. Besides, the percentage of CD4+ T cells
and NK cells was increased, whereas the number of CD8+ T
cells decreased in tumor-bearing mice following TP-1 adminis-
tration. In addition, this compound displayed little toxic effects to
major organ of tumor-bearing mice at the therapeutic dose, such
as the liver and kidney. This experimental finding suggested that

TP-1 exhibited prominent antitumor activities in vivo via en-
hancement of host immune system function in H22 tumor-
bearing mice. This product could be developed individually as
a safe and potent biological response modifier for HCC therapy.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most frequent
fatal malignancies and the third leading cause of cancer-
related mortality [1, 2]. It is an important public health prob-
lem throughout the world, particularly in developing countries
[3]. In China, HCC is one of the most common causes of
malignancy-related death [4]. HCC at advanced stages usually
carries a poor prognosis. The high recurrence and metastasis
account for the poor prognosis in HCC patients. Despite
endeavors to prevent postoperative metastasis in clinical prac-
tice, the overall survival rate is still rather dismal [5, 6]. Badly,
there is no effective systemic chemotherapy for advanced
HCC patients. The therapeutic success of chemotherapeutic
agents is often limited by severe adverse effects [7]. Therefore,
the development of potential agents, which exert greater effi-
cacy to HCC with no or restricted toxicity to normal cells, has
special priority for these patients.

Increasing evidence shows that traditional Chinese medi-
cines can be considered as potential drugs to prevent invasion
and metastasis of HCC. For example, brucine, an alkaloid
from seeds of Strychnos nux-vomica Linn., represses HCC
cell migration and metastasis via inhibition of the HIF-1
pathway [8]. Recently, reports showed that Huaier polysac-
charide can inhibit the growth andmetastatic potential of HCC
cells through modulation of the AEG-1/EMT pathway [9].
AEG-1 shRNA-induced anti-metastatic potency was also en-
hanced by Huaier polysaccharide via inactivating downstream
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P13K/Akt pathway as well as augmenting cell-mediated im-
mune response [10]. In view of these meaningful results, we
purified one homogenous polysaccharide, named TP-1, from
this Huaier fungus water extract and examined its effect and
relevant mechanism on HCC cell growth and metastasis. Data
from authors’ institution (2012–2014, unpublished) revealed
that the inhibition of cell proliferation and metastasis by TP-1
was achieved not only by reducing the expression of AUF1,
AGE 1, and N-cadherin but also by enhancing miR-122 and
E-cadherin expression in HCC cells. We also provided novel
in vivo evidence that TP-1 attenuated tumor growth and
pulmonary metastasis by induction of apoptosis and inhibition
of angiogenesis, which is consistent with the in vitro findings.
To the best of our knowledge, many polysaccharides extracted
from herbs exhibit antitumor and anti-metastatic activities
through the immune response of the host organism [11].
However, whether TP-1 exerts anti-invasion and anti-
metastasis activity through enhancing immure function re-
mains unclear. Thus, we investigated the effect of TP-1 on
tumor growth and pulmonary metastasis in a murine HCC
H22 model in vivo, and its effects on host immune of animals
were also examined.

Materials and methods

Materials and chemicals

Huaier extract was donated by Qidong Gaitianli Pharmaceu-
tical Co., Ltd. (Jiangsu, China). Sepharose CL-6B and DEAE-
cellulose-52 were purchased from Amersham Pharmacia Co.
(Sweden). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl
tetrazoliumbromide (MTT), dimethyl sulfoxide (DMSO),
and propidium iodide (PI) were obtained from Sigma Chem-
ical Co. (St Louis, MO, USA). Fluorescein isothiocyanate
(FITC)-labeled rat anti-mouse CD4+, phycoerythrin (PE)-
CD8+, and PE-CD49b were purchased from Pharmingen
(SanDiego, CA). Cytokine (IL-2, IL-10, and IFN-γ) detecting
ELISA kits were from US R&D Systems, Ltd. (Minneapolis,
USA). All other chemicals were of the highest commercial
grade available.

Isolation and purification of polysaccharide TP-1

After the filtered Huaier extract (8 %) was washed with
Sevage reagent (isoamyl alcohol and chloroform in 1:4 ratio)
to remove the protein [12], the supernatant was concentrated
to 80 ml and precipitated by the addition of 95 % ethanol to a
final concentration of 40 % (v/v) at 4 °C overnight. Next day,
the precipitate was recovered by centrifugation and washed
successively with absolute ethanol, acetone, and ether, follow-
ed by drying in vacuo at 45 °C, yielding the crude polysac-
charide (TCP-40).

The filtrate of TCP-40 through a 0.45-μm millipore mem-
brane was applied to DEAE-cellulose-52 gel filtration column
chromatography (2.6 cm×30 cm) and eluted stepwise with
distilled water, 0.1 and 0.5 M NaCl at a flow rate of 2 ml/min.
Each eluted solution (5 ml) was collected and monitored by
carbohydrate content based on phenol-sulfuric acid method at
490 nm absorbance. The 0.1 M NaCl eluation was concentrat-
ed, dialyzed, and lyophilized to yield one fraction (TCP-40-1).
The resulting TCP-40-1 was purified on a Sepharose CL-6B
column (2.6×100 cm) and eluted with 0.15 M NaCl at a flow
rate of 1 ml/min to yield one purified polysaccharide (TP-1).

Cell line and animals

Murine H22 ascitic hepatoma cells were maintained by week-
ly transplanting them into the peritoneal cavities of Kunming
mice. Kunming mice weighing 18–22 g were purchased from
the Laboratory Animal Center of Capital Medical University
(Beijing, China). The animals were housed for 1 week in a
room maintained at 25±1 °C with 60 % relative humidity
under a standard specific pathogen free (SPF) condition and
had free access to food and water. All animal procedures were
performed following the protocol approved by the Institution-
al Animal Care and Use Committee at Capital Medical
University.

Evaluation of antitumor effect in vivo

To determine the effect of TP-1 on tumor growth, the mice
were injected subcutaneously into the left axillary region of
each mouse with 0.2 ml cell suspensions (5×106 cells per
mouse). When the tumor size grow to an average diameter of
100 mm3, the H22-bearing mice were randomly divided into
three groups with 10 mice for each group receiving normal
saline (NS), 25, or 50 mg/kg of TP-1 via intraperitoneal
injection once daily for 14 days, respectively. The doses were
chosen according to their acute toxicity (1/2 LD10). The
volume of the solid tumor (TV) was measured with a digital
caliper every other day after treatment and was calculated
according to the following formula: TV (mm3)=[a×b2]/2,
where a and b represent the largest diameter and the smallest
diameter, respectively. At the end of experiment, all the mice
were sacrificed and the transplanted tumors were dissected out
and weighted immediately. The tumor inhibition rate (IR) was
calculated by the following formula: IR (%)=(1−average
tumor weight of treated group/control group)×100 [13].

Evaluation of life prolonging effect in vivo

For the ascites tumor model, the mice were injected with
0.2 ml of H22 cells (5×107) by intraperitoneal injection. The
next day, the tumor-bearing mice were randomly assigned to
one of the following three treatment groups (n=10 mice per
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group): NS, TP-1 (25 mg/kg), and TP-1 (50 mg/kg). Treat-
ments were administered via intraperitoneal injection once
daily for seven consecutive days. Then, mice in each group
were observed daily to monitor their survival time beginning
the first drug administration. The life prolongation survival
rate (SR) was calculated using the following formula: SR
(%)=(1−numbers of mice died in each group/10)×100. The
test was continued for 60 days and those survived for more
than 60 days were defaulted as 60 days.

Evaluation of anti-metastatic effect in vivo

To establish an in vivo pulmonary metastasis model, H22 cells
(5×106 cells per mouse) suspended in saline were injected
into male Kunming mice via the tail vein. Each mouse was
weighed immediately after inoculation. Drug administration
began after pulmonary metastasis was allowed to develop for
10 days. On day 11, the tumor being mice were randomly
divided into three groups (n=10mice per group) and treated in
the same way of the former experiment for 1 week. Another
10 mice as normal control group received 0.9 % normal saline
for the same conditions. Twenty-four hours after the final
administration of tested drug on the 7th day of the experiment,
blood samples were drawn from the eyes of those experimen-
tal mice and collected in heparinized tubes and EDTA tubes
for assessment of blood physiochemical parameters. All the
mice were killed by pulling and breaking of the cervical
vertebra, and the whole body and relevant organs, including
the lung, spleen, and thymus, were dissected out and weighted
immediately. After the lung was fixed in Bouin’s solution
(saturated picric acid/formalin/acetic acid = 15:5:1), the met-
astatic nodules in the lungs of mice from all groups were
counted under a dissecting microscope to evaluate the thera-
peutic effect of TP-1. The metastasis inhibitory rate was
calculated as follows: MIR=(1−average number of lung met-
astatic nodes in treated group/average number of lung meta-
static nodes in control group)×100 %. The organ indexes of
the spleen and thymus were calculated as follows: Organ
index=average organ weight (mg)/average body weight
(g)×10.

Lymphocyte proliferation assay

Spleen lymphocytes were prepared under aseptic conditions
as described by Li et al. [14]. Lymphocytes were plated into
96-well plates (1×107 cells per well) with concanavalin A
(ConA, 2 mg/l) or lipopolysaccharide (LPS, 5 mg/l) and
incubated for 68 h at 37 °C in a humidified 5%CO2 incubator.
After incubation, 50 μl of MTT solution (2.0 mg/ml in PBS)
was added to each well and incubated for another 4 h at 37 °C.
The precipitated formazan was dissolved in 150 μl DMSO
and the plates were read at 570 nm with a 630-nm reference
using an ELISA reader (Bio-Rad, USA). The stimulation

index (SI) was calculated based on the following formula:
SI=the absorbance value for experimental/the absorbance
value for control.

Flow cytometry analysis

At the end of the study, the spleens were dissected out and their
single-cell suspensions were stained with the following rat
anti-mouse antibodies: fluorescein isothiocyanate (FITC)-la-
beled anti-CD4, phycoerythrin (PE)-CD8, and PE-CD49b.
The percentages of CD4+ T, CD8+ T, and natural killer (NK)
cells (indicated byCD49b positive) were determined by a flow
cytometry (FACScalibur, Becton Dickinson, USA) and ana-
lyzed using CellQuest software as previously described [15].

Blood physiochemical assays

The blood samples of mice in each group were centrifuged at
3,000×g for 10 min, and the serum was collected for the
detection of a series of physiochemical indexes, including
aspartate aminotransferace (AST), alanine aminotransferace
(ALT), blood urea nitrogen (BUN), uric acid (UA), and cre-
atinine (CRE) using an automatic Burker hemocytometer
according to the manufacturer’s instructions.

Serum cytokine concentration determination

The serum levels of cytokines, such as IL-2, IL-10, and
IFN-γ, were determined by commercial ELISA kit according
to the manufacturer’s instructions.

Statistical analysis

All experimental data were expressed as mean±SD, and sta-
tistical analysis was performed using Student’s t test to com-
pare the results from the untreated group.

Results and discussion

Effect of TP-1 on tumor growth, life extension,
and pulmonary metastasis of H22-bearing mice

To further evaluate the antitumor activity of TP-1 in vivo,
three H22 tumor transplant models were performed as follow-
ing: solid tumor for tumor growth inhibition evaluation; asci-
tes tumor for life survival evaluation; and pulmonary metas-
tasis tumor for tumor metastasis evaluation.

The antitumor effects of TP-1 were checked on H22-
bearing mouse solid model in vivo. As shown in the curves
of tumor growth volumes (Fig. 1a), on day 14, the average
volume of the tumors in control group grew rapidly and
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reached 761 mm3, while that in TP-1-treated group had in-
creased relatively slowly and attained only 452 and 389 mm3

at 25 and 50 mg/kg, respectively. Also, the tumor weight in
H22 tumor-bearing mice treated with TP-1 was less than that
of control mice (Fig. 1b), and the difference showed a statis-
tical significance (P<0.01). TP-1 at doses of 25 and 50 mg/kg
significantly inhibited the growth of H22 hepatoma by 49.60
and 57.26 %, respectively.

The effects of TP-1 on live time of H22-bearing mice were
evaluated by measuring the increase of lifespan (Fig. 1c). The
average survival time of H22-bearing mice treated with TP-
1 at doses of 25 and 50 mg/kg was extended at least three
times compared to that in NS-treated control. Survival rate in
TP-1-treated groups was much high than those in NS-treated
control group, suggesting that the survival time of tumor-
bearing mice treated with the TP-1 were significantly
prolonged.

In the lung metastasis model, mice treated with TP-1 (50
and 100 mg/kg) displayed a statistically significantly lower
incidence of lung metastases (P<0.01 or P<0.001), whereas
extensive metastatic nodules in the lungs were observed in
mice treated with NS (Fig. 1d). The MIR in two doses of 50

and 100 mg/kg of TP-1 was 38.67 and 61.05 %, respectively,
with relative to control as 100 %. In addition, there was no
obvious change in the lung mass index or body weights of the
mice treated with NS or TP-1 (data not shown).

Effect of TP-1 on the weight of immune organ
and lymphocyte proliferation of H22-bearing mice

Many evidences had documented that the anticancer activities
of polysaccharide–protein complexes could be associated with
their immunostimulating properties [16]. To evaluate whether
TP-1 administration had an influence on the immune system,
we first determined the immune organ indexes in tumor-bearing
mice following TP-1 or NS treatment. The results in Fig. 2a
showed that two indexes in all TP-1 groups increased, which
was near to or exceed the normal levels, but was not statistically
different with those in model control (P>0.05)

Lymphocyte proliferation is a crucial event in the activation
cascade of both cellular and humoral immune responses [17].
Therefore, we investigated the effect of TP-1 on lymphocyte
proliferation in tumor-bearing mice. As shown in Fig. 2b,
spleen lymphocyte proliferation induced by ConA and LPS
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declined significantly in H22 tumor-bearing mice compared
with normal mice (P<0.01), suggesting the repressing effect
of tumor on host immune functions. However, TP-1 adminis-
tration at two doses markedly prompted the T- or B lympho-
cyte proliferation induced by ConA or LPS, respectively
(P<0.01 or P<0.001), compared to those in H22-bearing
mice. These data suggested that CSP had a beneficial effect
to strengthen immunological response in H22 tumor-bearing
mice.

Effect of TP-1 on hepatic and renal function parameters
of H22-bearing mice

A perfect chemotherapeutics include not only the virtue of
repressing tumorigenesis and metastasis but also the minimum
toxicity to their normal organs. As we know, blood ALT, AST,
and ALP are usually believed to be hepatic function markers,
and blood BUN, UA, and CRE are considered as renal function
markers. Their accumulation in blood usually result from he-
patic disorders or the malfunctions of the kidney [18, 19]. In

view this, we examine the potential toxicological effects of TP-
1 administration on the kidney and liver of pulmonary metas-
tasis 22-bearing mice by evaluating their serum hepatic func-
tion parameters including ALT and AST, and serum renal
function parameters such as BUN, UA, and CRE. The data in
Fig. 3a demonstrated ALT and AST level in model control had
a marginal elevation than those in normal control, but is not
significant (P>0.05). This slight increase in ALT and ASTwas
attenuated and restored to the normal level in H22-bearingmice
after TP-1 administration, although they were not significant
(P>0.05). Simultaneously, tumor transplantation gave rise to a
substantial increase in the level of BUN, UA, and CRE as
compared to the normal control (P<0.05). All these indexes
were ameliorated, at least in part, after TP-1 administration
(Fig. 3b). Collectively, these data indicated that TP-1 exhibited
very few toxicological effects to major organ of tumor-bearing
mice at the dosages of 25 and 50 mg/kg.
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Effect of TP-1 on the level of serum cytokines of H22-bearing
mice

Cytokines have been shown to play a critical role in the
modulation of innate and adaptive immune responses for
fighting against the tumor growth [14, 20]. IFN-γ and IL-2

are immune-stimulating factors, but IL-10 is an immune-
suppressing factor [21]. As shown in Fig. 4, inoculation with
ascitic H22 tumor cells to mice resulted in a decrease of IFN-γ
and IL-2, but induced an increase in IL-10 level in serum
(P<0.05 or P<0.01, compared to normal mice), implying a
status of cancer-induced immunosuppression. However, the
concentration of IL-2 and IFN-γ in serum of H22-bearing
mice was remarkably restored, and IL-10 was decreased after
TP-1 treatment in H22 tumor-bearing mice, compared with
those in model control mice administrated with NS. All the
data imply that TP-1 might have the potential to alleviate
tumor transplantation-induced immunosuppression in H22
tumor-bearing mice by modulating the cytokines release.

Effect of TP-1 on the percentage of splenic CD4+, CD8+ T
lymphocytes, and NK cells of H22-bearing mice

CD4+ T, CD8+ T, and NK cells are capable of inducing the
death of tumor cells and played pivotal roles in host antitumor
immune response [22, 23]. To further study the antitumor
immunity trigged by TP-1, we counted the numbers of
CD4+ T, CD8+ T, and NK cells in the splenocytes of the
tumor-bearing mice using flow cytometry analysis (FACS).
Figure 5 demonstrated that the percentages of CD8+ T cells
and NK cells remained almost unchanged in normal control
and negative control mice. However, the percentage of splenic
CD4+ T cells decreased significantly in H22-bearing mice
treated with NS as compared to their non-tumor counterparts
(P<0.01). Treatment with TP-1 resulted in significantly in-
creased quantities of CD4+ T cells and NK cells compared
with the model control group (P<0.05 or P<0.01), while that
of CD8+ Tcell was significantly decreased by TP-1, especial-
ly at the dose of 50 mg/kg (P<0.05). As the results, the
frequency of CD4+ T and NK cells and the ratio of CD4+/
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CD8+ in the spleen of tumor-bearing mice were elevated
following treatment with TP-1. To the best of our knowledge,
helper T cells are called as CD4+ T cells, which can excrete
cytokines and express CD4 molecules on their surface, and
cytotoxic T cells, also known as CD8+ T cells, which express
CD8 on their surface [24]. These results suggested that TP-1
administration could activate helper T cells to exert their
immunomodulatory effects in tumor-bearing mice.

Conclusions

The present study demonstrated that TP-1, a purified polysac-
charide fromHuaier, exerted more potent antitumor activity in
inhibiting subcutaneous xenograft tumor growth, prolonging
survival time, and repressing lung metastasis in mice. The
antitumor and immunostimulatory activities of TP-1 have
been demonstrated in pulmonary metastasis H22-bearing
mice models, which may be related to its ability to prompt
the lymphocyte proliferation, enhance the secretion of IFN-γ
and IL-2, decrease IL-10 level and CD8+ T cells proportion,
and upregulate the percentage of CD4+ T cells and NK cells.
Encouragingly, preliminary toxicological evaluation demon-
strated that TP-1 had no obvious systemic toxicity to major
organ of tumor-bearing mice at the therapeutic dose, evi-
denced by the decreased concentrations of hepatic function
markers, ALT and AST, and renal function parameters, BUN,
UA, and CRE. These results suggest that TP-1 deserves
further study as a potential adjuvant reagent to stimulate
anticancer immune response in clinical HCC treatment.
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