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Introduction

Pancreatic cancer is one of the most aggressive cancer 
types and the fourth most lethal malignancy worldwide (1).  
Based on the most recent statistics from the American 
Cancer Society (ACS), 57,600 new pancreatic cancer cases 
and 47,050 deaths are estimated to occur in the United 

States in 2020, indicating almost equivalent incidence and 
mortality rates (1). A lack of early symptoms means most 
patients are diagnosed at advanced stages of the disease 
reducing the likelihood of successful surgical intervention (2).  
Moreover, advanced pancreatic cancer patients respond 
poorly to chemotherapy and radiotherapy (3). Thus the 
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5-year survival rate of pancreatic cancer is still the lowest 
among cancers at approximately 9% (1). The nucleoside 
analog, gemcitabine, has been the cornerstone of adjuvant 
chemotherapy in pancreatic cancer treatment for decades (4).  
However, gemcitabine resistance develops within a few 
weeks of initiation of chemotherapy (5), and it is necessary to 
explore novel drugs to overcome the resistance and improve 
sensitivity to gemcitabine.

Traditional Chinese medicine (TCM) has been used 
for thousands of years, and has been reported to reduce 
inflammation and treat some diseases, such as malaria. 
Trametes robiniophila Murr, commonly known as Huaier, 
has been used as a TCM therapy for approximately 
1,600 years (6). The most effective extract of Huaier is 
proteoglycan, which is composed of polysaccharides, 
amino acids, and water, among which the polysaccharide 
component has been proven to be the main active 
ingredient responsible for its therapeutic effects (7). In 
recent years, the anticancer effects of Huaier have begun 
to attract the attention of researchers, with an increasing 
number of studies having demonstrated its efficacy in 
suppressing the progression of various tumors such as 
breast cancer (8-10), hepatocellular carcinoma (11-13), 
lung cancer (14,15) and renal cancer (16). The anticancer 
mechanisms of Huaier including proliferation inhibition, 
anti-metastasis, anti-angiogenesis, apoptosis induction, 
tumor-specific immunomodulatory and cancer stem cell 
inhibitory activities have also been validated (6).

A recent study has also shown that Huaier extract 
could restrain the proliferation and invasion of pancreatic 
cancer cells (17). However, few studies have focused on the 
effect of Huaier combined with chemotherapy for cancer 
treatment, including the combination of gemcitabine and 
Huaier. Therefore, in this present study, we detected the 
proliferation, apoptosis activity, migration and invasion of 
pancreatic cancer cells treated with gemcitabine combined 
with Huaier in vitro. We also established nude mice 
xenograft and lung metastasis models to explore whether 
Huaier could enhance the antitumor effect of gemcitabine 
on pancreatic cancer in vivo. We present the following 
article in accordance with the ARRIVE reporting checklist 
(available at: http://dx.doi.org/10.21037/tcr-20-2627).

Methods

Reagents

We purchased RPMI 1640 and fetal bovine serum (FBS) 
from Hyclone (Logan, UT, USA), and electuary ointment 

of Huaier was purchased from Gaitianli Medicine Co. Ltd 
(Jiangsu, China). The electuary ointment of Huaier (5 g) 
was dissolved in 50 mL of complete medium, and sterilized 
with 0.22 µm of filter to obtain a 100 mg/mL stock solution 
for long-term storage at −20 ℃, and diluted to obtain 1.5, 3, 
6, 9 and 12 mg/mL work solutions before administration of 
in vitro assays. For in vivo experiments, Huaier extract was 
freshly prepared (50 mg dissolved in 0.1 ml sterile normal). 
Gemcitabine was purchased from Selleck Chemicals 
(Shanghai, China), 200 mg of which was dissolved in 6.7 
mL of sterile normal saline to obtain the 0.1 mol/ml stock 
solution for long-term storage at −80 ℃.

Cell line and cell culture

The pancreatic cancer cell line, PaTu8988, was purchased 
from the cell bank of Chinese Academy of Science (Shanghai, 
China). Cells were cultured in RPMI 1640 supplemented 
with 10% FBS and 1% penicillin-streptomycin (Beyotime, 
Beijing, China) under 5% CO2 at 37 ℃.

Cell viability MTT assay

The untreated control group (complete medium), 
gemcitabine groups (2, 4, 8, 12 and 16 µM), Huaier 
groups (1.5, 3.0, 6.0, 9.0 and 12.0 mg/mL of terminal 
concentrations), and gemcitabine (8 µM) plus Huaier  
(6 mg/mL) (the dose of gemcitabine or Huaier that could 
inhibit approximately 50% cell viability in PaTu8988 cells) 
groups were prepared. Then, 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2-H-tetrazolium bromide assay (MTT; 
Sigma, Shanghai, China) assays were performed to estimate 
the viability of PaTu8988 cells in the groups. A total of 
5,000 cells/well were plated into 96-well plates for 24 h and 
treated with gemcitabine, Huaier, or the combination of the 
two drugs for an additional 72 h. MTT (50 μL) was added 
to cells at 24, 48 and 72h after treatment and incubated for 
4 h at 37 ℃ in a dark environment, with 200 μL dimethyl 
sulfoxide (DMSO) being subsequently added. Finally, the 
optical density (OD) was read at an absorbance of 490 nm, 
and the percentage of cells in each group was calculated 
relative to the untreated control group. Experiments were 
repeated three times with six replicates per treatment in 
each experiment.

Cell apoptosis assay

This assay was performed using an Annexin V-FITC 
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apoptosis detection kit (BD Biosciences, Shanghai, China). 
According to the manufacturer’s instructions, 1×106 
PaTu8988 cells untreated, or treated with gemcitabine  
(8 µM), Huaier (6 mg/mL) or gemcitabine (8 µM) plus 
Huaier (6 mg/mL) were cultured in complete medium for  
24 h. After harvested, PaTu8988 cells (1×105 cells) were 
stained with 5 μL of propidium iodide (PI) and Annexin 
V-FITC in 100 μL of 1× Annexin V binding buffer and 
incubated in the dark for 15 min at room temperature. 
Finally, 400 μL of 1× binding buffer was added and 
apoptotic cells were analyzed by flow cytometry. 

Wound migration assay

The PaTu8988 cells were seeded in 6-well plates at a density 
of 5×105 cells and cultured to 100% confluence. The wound 
was then scratched in the center of the cell monolayer using a 
20 μL pipette tip. Subsequently, each well was washed 3 times 
with fresh medium to remove the cell debris and replaced 
with fresh medium, or the medium containing gemcitabine  
(8 µM), Huaier (6 mg/mL) or gemcitabine (8 µM) plus 
Huaier (6 mg/mL). Finally, the wound was photographed 
under a microscope at an indicated time of 0, 24 and 48 h 
after the wound was scratched. Would healing areas were 
calculated and analyzed quantitatively by Image J software.

Transwell invasion assay

For the cell invasion assay, Transwell chambers (8 μm-pore, 
Corning, Inc., USA) were coated with 50 μL of Matrigel 
(1:8 pre-diluted with serum-free medium) (Corning, Inc.). 
Next, 2×105 cells which were untreated, or pretreated with 
gemcitabine (8 µM), Huaier (6 mg/mL), or gemcitabine 
(8 µM) plus Huaier (6 mg/mL), were added to the upper 
chamber in a 100 μL of serum-free medium. The lower 
chamber was then supplemented with a 600 μL of culture 
medium. After 48 h, cells which had invaded the lower 
chamber were fixed with 4% paraformaldehyde for 15 min 
and stained with 0.5% crystal violet for 20 min at room 
temperature. The number of invading cells was counted 
under a light microscope in at least 6 fields, and the 
experiment was repeated three times. 

Nude mice

Pathogen-free, 4-week-old, female, athymic BALB/c 
nude mice (average weight, 15 g) were obtained from the 
Shanghai Laboratory Animal Center (Shanghai, China). 

The mice were maintained in specific pathogen-free (SPF) 
barrier facilities under a 12 h light/dark cycle, and supplied 
with sterilized food and water in the animal center of 
Soochow University. Animal experiments were performed 
under a project license (A201903036) granted by the ethics 
committee for research on laboratory animal use of the 
Soochow University, in compliance with the institution’s 
guidelines for the care and use of laboratory animals.

In vivo animal experiments

To establish in vivo subcutaneous xenograft models, each 
mouse was subcutaneously injected with 2×106 PaTu8988 
cells into the right flank. After mice had generated tumors 
of approximately 4–5 mm (about 1 week after injection), 12 
mice were randomly selected and divided into 4 groups (n=3 
per group): the untreated group, the gemcitabine-treated 
group, the Huaier-treated group, and the gemcitabine plus 
Huaier-treated group. In the untreated control groups, mice 
were fed with normal saline. In the drug groups, mice were 
treated with gemcitabine (1.5 mg/0.1 mL per mouse, twice a 
week, intraperitoneal injection), Huaier (50 mg/0.1 mL per 
mouse, every day, oral gavage) or gemcitabine (1.5 mg/0.1 
mL per mouse, twice a week, intraperitoneal injection) plus 
Huaier (50 mg/0.1 mL per mouse, every day, oral gavage), 
independently. Tumor sizes were measured every week, 
and the tumor volume was calculated using the following 
formula: volume (mm3) = length × width2/2. When the 
subcutaneous tumors reached approximately 1.3 cm in length 
(approximately 4 weeks after injection), the tumor-bearing 
mice were humanely euthanized by continuous inhalation 
with 30% CO2 for 5 min. To establish tumor lung metastasis 
models, mice were also randomly divided into the 4 groups 
described above (n=3 per group), and 2×106 PaTu8988 
cells were injected into the tail vein of each mouse and 
administered as above described. Six weeks after injection, 
the mice were humanely euthanized and the lungs of the 
xenograft mice were excised and their tissues were removed 
and photographed. Macroscopically observable metastatic 
nodules on the surface of each tissue were then counted. 

Statistical analysis

All experiments were carried out with at least 3 replicates. 
The data are shown as mean ± SD, and the student’s 
t-test was used for comparisons of differences between 
2 independent groups. One-way or two-way repeated 
measures analysis of variance (ANOVA) was used to analyze 
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the differences among groups, with a P value <0.05 being 
considered statistically significant. Tests were conducted 
using SPSS 17.0 (IBM Corp. NY, Armonk, USA). 

Results

Huaier promoted the inhibitory effect of gemcitabine on 
the growth of pancreatic cancer cells in vitro

To detect the role of gemcitabine and Huaier in cell viability, 
we first measured the sensitivity of human pancreatic cancer 
PaTu8988 cells to gemcitabine and Huaier. We conducted 
MTT assays to assess the cell viability following exposure 
to different concentrations of gemcitabine (0, 2, 4, 8, 12 and 
16 µM) or Huaier (0, 1.5, 3.0, 6.0, 9.0 and 12.0 mg/mL) 
at 24, 48 and 72 h. The results are shown in Figure 1A,B, 
and indicated that both gemcitabine and Huaier inhibited 
pancreatic cancer cell growth in a time- and dose-dependent 
manner. It was also revealed that treatment with 8 μM 
gemcitabine or 6 mg/mL Huaier for 72 h decreased cell 
viability by approximately 50% in PaTu8988 cells (P<0.05). 
Moreover, no increased inhibition effect was observed 
when cells were exposed to a dose of gemcitabine higher 
than 8 μM, showing that pancreatic cancer cells exhibited 
insensitivity to gemcitabine treatment. To determine the 
effect of gemcitabine in combination with Huaier on cell 
growth in vitro, we then treated PaTu8988 cells with 
gemcitabine (8 µM), Huaier (6 mg/mL) or gemcitabine  
(8 µM) plus Huaier (6 mg/mL) for 72 h, and cell viability was 
again measured by MTT assay. As shown in Figure 1C, both 
gemcitabine and Huaier suppressed PaTu8988 cell growth 

compared to untreated control cells (P<0.05). Furthermore, 
growth inhibition inflicted by gemcitabine plus Huaier 
treatment was more effective than monotherapy (P<0.05), 
indicating that the combination of gemcitabine with Huaier 
exhibited a synergistic effect on inhibiting pancreatic cancer 
cell growth. Taken together, our results demonstrated that 
Huaier promoted the inhibitory effect of gemcitabine on the 
growth of pancreatic cancer cells in vitro.

Huaier enhanced the apoptotic induction effect of 
gemcitabine on pancreatic cancer cells 

We next sought to determine whether the inhibition 
effect of Huaier on cell viability was accompanied by 
apoptosis induction. The distribution and percentage of 
cell apoptosis were analyzed in PaTu8988 cells treated with 
gemcitabine (8 µM), Huaier (6 mg/mL), or gemcitabine  
(8 µM) plus Huaier (6 mg/mL), and untreated control cells. 
As shown in Figure 2, gemcitabine or Huaier treatment 
alone induced PaTu8988 cells apoptosis, with gemcitabine 
achieving 24.0% apoptosis, including 11.5% in early and 
12.5% in late apoptotic cells, and Huaier achieving 11.6% 
apoptosis including 7.6% early and 4% late apoptotic cells 
(P<0.05). Meanwhile, only 1.5% of cells were apoptotic 
in the untreated control group, while in the combination 
group, the percentage of early and late apoptotic cells 
was 17.0% and 13.5%, respectively. The results indicated 
that cell apoptosis was induced by Huaier treatment alone 
or in combination with gemcitabine (P<0.05) and that 
combination treatment markedly induced early apoptosis 
more effectively than did single drug use (P<0.05). 

Figure 1 Huaier enhanced the growth inhibition effect of gemcitabine in PaTu8988 cells. A and B: Cell viability analysis of PaTu8988 
cells treated with different concentrations of gemcitabine or Huaier at 24, 48, and 72 h by MTT assay. C: Cells were treated with 8 µM of 
gemcitabine, 6 mg/mL of Huaier, or a combination of these two drugs- (untreated cells served as a control) for 72 h, with cell viability being 
measured by MTT assay. *, P<0.05, n=6 per group, compared with the untreated group or the single drug groups.
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Figure 2 Synergistic effects of gemcitabine combined with Huaier on pancreatic cancer cell apoptosis. Flow cytometric analysis of PaTu8988 
cells untreated or treated with gemcitabine (8 µM), Huaier (6 mg/mL) or a combination of these two drugs. (A) Cells were stained with 
Annexin-V-FITC and analyzed by flow cytometry, with representative flow cytometric images being shown. (B) The percentage of apoptotic 
cells including early apoptotic cells (annexin V-FITC single-positive cells) and late apoptotic cells (annexin V-FITC/PI double-positive cells) 
in the total cell population. Compared with the untreated group or single drug groups, *P<0.05; NS, no significance (n=6 per group).

Although no significant difference was detected in the late 
apoptotic cells induced by combination treatment compared 
to gemcitabine treatment (NS, P>0.05), gemcitabine and 
Huaier significantly induced pancreatic cancer cell apoptosis 
with a synergistic effect (Figure 2).

Huaier promoted the gemcitabine-induced inhibition of 
pancreatic cancer cell migration and invasion in vitro

To investigate the effects of gemcitabine and Huaier on 
the migration and invasion of pancreatic cancer cells, 
wound migration and Transwell invasion assays were 
performed in PaTu8988 cells including the untreated 
control, gemcitabine, Huaier, and combination groups. 
The results showed that the wound-healing ability of 
gemcitabine- or Huaier-treated cells was significantly 
decreased compared to that of the untreated cells (P<0.05) 
(Figure 3A,B). In addition, gemcitabine combined with 

Huaier significantly improved the efficiency of inhibiting 
cancer cell migration when compared with single-agent 
gemcitabine or Huaier (P<0.05) (Figure 3A,B). The 
Transwell invasion assay also demonstrated the synergistic 
role of Huaier and gemcitabine. As shown in Figure 3C,D, 
the number of invaded cells in the gemcitabine- or Huaier- 
alone treatment groups decreased in comparison to the 
untreated control group (P<0.05). Moreover, the invaded 
cell numbers in the combination group were lower than 
those of the gemcitabine or Huaier-alone groups (P<0.05). 
Taken together, our data suggested that Huaier promoted 
the suppressing effects of gemcitabine on the migration and 
invasion of pancreatic cancer cells. 

Huaier increased the ability of gemcitabine to suppress 
tumor growth and metastasis in pancreatic cancer in vivo

To further determine the synergistic contribution of Huaier 

Control
Q1
0.127%

Q1
0.665%

Q1
0.588%

Q1
0.336%

Q4
97.9%

Q4
75.0%

Q4
89.0%

Q4
69.4%Q3

0.904%

Q3
11.6%

Q3
3.72%

Q3
16.9%

Q2
1.11%

Q2
12.7%

Q2
5.66%

Q2
13.3%

Control

Gemcitabine + Huaier

Gemcitabine + Huaier

Annexin-V-FITC

P
I

Gemcitabine

Gemcitabine

Huaier

Huaier

25

20

15

10

5

0

A
po

pt
ot

ic
 c

el
ls

 (%
)

Early apoptotic cells Late apoptotic cells

A

B

106

105

104

103

0

106

105

104

103

0

107

106

105

104

103

102

101

106

105

104

103

0

0 103 104 105 106 0 103 104 105 106 0 103 104 105 106
101 102 103 104 105 106 107



1373Translational Cancer Research, Vol 10, No 3 March 2021

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(3):1368-1377 | http://dx.doi.org/10.21037/tcr-20-2627

and gemcitabine in the growth and metastasis of pancreatic 
cancer in vivo, we established subcutaneous xenograft and 
tail vein injection lung metastasis models using PaTu8988 
cells in nude mice. All mice survived for the duration of the 
treatment. We first studied the influences of gemcitabine 
and Huaier alone and in combination on the growth of 
a PaTu8988 pancreatic cancer subcutaneous xenograft, 
and tumor volume and weight were monitored. As shown 
Figure 4A-C, compared with the untreated control group, 
tumors treated with either gemcitabine or Huaier alone 
had lower volumes and weights (P<0.05). Tumors treated 
with gemcitabine plus Huaier were also smaller and 
lighter than those treated with monotherapies (P<0.05), 
demonstrating a synergistic reduction effect of gemcitabine 
and Huaier in pancreatic cancer growth in vivo. We also 
explored the metastasis of PaTu8988 pancreatic cancer 

cells. As displayed in Figure 4D,E, the number of tumor 
metastatic lung nodules in the gemcitabine or Huaier 
groups was lower than that of the untreated group (P<0.05). 
Compared to treatment with either gemcitabine or Huaier 
alone, the combination treatment resulted in significantly 
decreased tumor metastasis in the PaTu8988 pancreatic 
cancer tail vein injection lung metastasis models (P<0.05). 
These data suggested that Huaier enhanced the efficiency 
of gemcitabine in inhibiting pancreatic cancer growth and 
metastasis in vivo. 

Discussion

Pancreatic cancer is one of the most malignant tumors 
and has one of the lowest 5-year survival rates (1). 
For patients with the advanced and metastatic form 

Figure 3 Huaier promoted the suppressing effects of gemcitabine on the migration and invasion of PaTu8988 cells. A and B: The results of 
wound migration assays in PaTu8988 cells left untreated ortreated with gemcitabine (8 µM), Huaier (6 mg/mL), or their combination. (A) 
Representative images of would migration assays (magnification, ×200). (B) Quantitative analysis of the migration ability of PaTu8988 cells. 
(C,D) The results of Transwell invasion assays in PaTu8988 cells left untreated or treated with gemcitabine (8 µM), Huaier (6 mg/mL), or 
the combination. (C) Representative Transwell invasion images (crystal violet staining, ×200). (D) Quantitative analysis of the effect of drugs 
on cell invasion. *, P<0.05 (n=6 per group) compared with the untreated group or single drug groups.
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Figure 4 Huaier increased the ability of gemcitabine to inhibit tumor growth and metastasis in subcutaneous xenograft and lung metastasis 
nude mice models. A and C: The nude mice bearing PaTu8988 subcutaneous xenografted tumors were treated with normal saline, 
gemcitabine (1.5 mg/0.1 mL, twice a week, intraperitoneal injection), Huaier (50 mg/0.1 mL, every day, oral gavage) or gemcitabine (1.5 
mg/0.1 mL, twice a week, intraperitoneal injection) plus Huaier (50 mg/0.1 mL, every day, oral gavage). (A) The images of tumors removed 
4 weeks after treatment with drugs. Meanwhile, the tumor volume (B) was measured at indicated times, and the tumor weight (C) was 
measured 4 weeks after treatment. (D,E) Lung metastatic nodules in PaTu8988 pancreatic cancer tail vein injection lung metastasis models. 
(D) Representative images of the lungs and nodules removed 6 weeks after treatment with drugs mentioned above (the red arrows, metastatic 
lung nodules). (E) The number of tumor metastatic nodules in lung tissues. *, P<0.05 (n=3 per group) compared with the untreated group or 
single drug treatment group.

of this disease, chemotherapy is the major method for 
the treatment of patients. As one of the most effective 
chemotherapy agents for improving the prognosis of 
cancer patients, gemcitabine has been used as a first-
line drug for pancreatic cancer therapy since 1996 (18). 
Compared with 5-fluorouracil (5-FU), the clinical efficacy 
response of gemcitabine has shown satisfying outcomes, 
with a significantly improved median survival rate (19). 
However, development of chemoresistance to gemcitabine 
limits its usage in clinical practice (20). Therefore, there 
is an urgent need to develop novel anticancer agents with 
fewer side-effects to reduce gemcitabine resistance and 
enhance the efficacy of chemotherapy, thus satisfying 

the therapeutic demand of pancreatic cancer patients. 
Increasingly, studies have focused on the anticancer 
efficiency of TCM alone or combined with chemotherapy 
(21-23). The combination of some TCM extracts and 
gemcitabine are also reported to have better antitumor 
effects in pancreatic cancer therapy than gemcitabine 
alone. Oridonin was shown to overcome gemcitabine 
resistance in PANC-1/Gem cells (24), and melittin, 
Qingyihuaji formula (QYHJ) and curcumin have been 
demonstrated to promote gemcitabine sensitivity in 
human pancreatic cancer treatment (25-27). However, 
to the best of our knowledge, the anticancer effect of the 
combination of Huaier and gemcitabine has not been 
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reported. Therefore, in this study, we performed in vitro 
and in vivo studies to explore the antitumor effect of 
gemcitabine combined with Huaier in pancreatic cancer.

As a type of officinal fungi, Huaier has been used in 
China for nearly 1,600 years, and has been reported 
to exert anticancer effects in many cancers (8-17). In 
accordance with these reports, our studies showed that 
Huaier alone could reduce cell viability, induce apoptosis, 
and inhibit the cell migration and invasion ability of 
pancreatic cancer cells. In vivo animal experiments also 
demonstrated the effect of Huaier on suppressing tumor 
growth and lung metastasis in PaTu8988 subcutaneous 
xenograft and tail vein injection lung metastasis models. 
These results are consistent with those of a previous study 
reporting the suppressing role of Huaier in MiaPaCa-2 and 
Panc-1 pancreatic cancer cells (17). 

Several pancreatic cancer cell lines, including PaTu8988, 
are intrinsically resistant toward gemcitabine (28-30). We 
performed an MTT assay to assess cell viability following 
exposure to different concentrations of gemcitabine (0, 
2, 4, 8, 12 and 16 µM) or Huaier (0, 1.5, 3.0, 6.0, 9.0 and 
12.0 mg/mL) at 24, 48, and 72 h in PaTu8988 pancreatic 
cancer cells. In accord with previous studies (28-30), our 
results also indicated that no increased inhibition effect 
of cell viability was observed when cells were exposed to a 
dose of gemcitabine higher than 8 µM. We also observed 
that treatment with 8 µM gemcitabine or 6 mg/mL Huaier 
for 72 h decreased cell viability by approximately 50% in 
PaTu8988 cells. Thus, to identify the suppressing effect of 
gemcitabine combined with Huaier on pancreatic cancer, 
8 µM gemcitabine and 6 mg/mL Huaier were used in later 
assays. This showed that the combination of gemcitabine 
and Huaier significantly inhibited the proliferation, 
migration, and invasion of pancreatic cancer cells compared 
to either Huaier or gemcitabine monotherapy.

The underlying mechanism for the development of 
gemcitabine resistance remains unclear. One possible 
mechanism involves the activation of anti-apoptotic 
signaling pathways (31). For example, upregulation of Bcl-
2, Mcl-1, and Bcl-xL are correlated with the increased 
resistance of pancreatic cancer cells to gemcitabine, while 
overexpression of Bax and the high ratio of Bax/Bcl-
2 participates in increasing the sensitivity of tumors to 
gemcitabine (32). Recently, Huaier has been demonstrated 
to induce apoptosis in numerous cancers (33-35). Zhang 
et al. (33) verified that Huaier extract causes cell apoptosis 
and arrests the hepatocellular carcinoma cells in S phase via 
the JNK pathway. Huaier extract was also found to induce 

apoptosis in breast cancer and gastric cancer cells (34).  
Several other researches have focused on the effects of 
Huaier and chemotherapy drugs such as the synergistic 
antitumor effect of Huaier combined with 5-FU in human 
cholangiocarcinoma cells (35), the enhanced efficiency of 
paclitaxel combined with Huaier extract in breast cancer cell 
treatment in vitro and in vivo (36), and the potential capacity 
of Huaier polysaccharide in preventing cisplatin-induced 
nephrotoxicity (7). However, few studies have investigated 
the effect of Huaier combined with gemcitabine therapy. 
In this study, when combined with Huaier, gemcitabine 
markedly induced cell apoptosis in the PaTu8988 pancreatic 
cancer cell line, especially the early apoptosis. Although no 
significant difference was detected in the late apoptotic cells 
induced by combination treatment compared to gemcitabine 
treatment alone, the synergistic effect of gemcitabine and 
Huaier on inducing apoptosis was demonstrated.

Consistent with in vitro results, the in vivo animal 
experiments also suggested that Huaier could enhance 
the efficiency of gemcitabine in inhibiting tumor growth 
and lung metastasis. In subcutaneous xenograft and tail 
vein injection lung metastasis nude mice models, mice 
administered with gemcitabine plus Huaier generated 
smaller and lighter tumors along with fewer lung metastatic 
nodules compared to single drug treatment. Taken 
together, these results revealed the synergistic effects of 
Huaier and gemcitabine in inhibiting pancreatic cancer 
in vitro and in vivo, indicating that Huaier could enhance 
the efficiency of gemcitabine in pancreatic cancer therapy. 
One recent publication has suggested that Huaier might 
restrain pancreatic cancer by suppressing the Wnt/β-catenin 
pathway (17), which may be an avenue of further research 
into identifying the underlying mechanisms of Huaier’s 
impact on pancreatic cancer.

Conclusions

In summary, the present study demonstrated that 
gemcitabine combined with Huaier exerted a significantly 
increased effect on inhibiting the proliferation, migration, 
and invasion of pancreatic cancer cells. In addition, the 
combination induced in vitro apoptosis and suppressed 
tumor growth and metastasis in vivo, suggesting that Huaier 
may act as a novel drug for enhancing the anticancer effect 
of gemcitabine in pancreatic cancer treatment. However, 
further studies are warranted to explore the underlying 
molecular mechanisms for the antitumor effects of Huaier 
and the roles of Huaier on restraining gemcitabine 
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resistance in pancreatic cancer.
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