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A B S T R A C T   

Rosa roxburghii Tratt fruit is a highly valued fruit that contains abundant functional and nutritional constituents. 
In this study, a novel polysaccharide, named RTFP-1, was isolated and purified from R. roxburghii Tratt fruit. 
Structural characterization indicated that RTFP-1 was a homogeneous heteropolysaccharide with the molecular 
weight (Mw) of 128.7 kDa and consisted of arabinose, galactose, glucose, mannose, xylose, and fucose with 
molar ratio percentages of 34.84, 40.59, 12.11, 5.06, 3.39, and 4.01%, respectively. A CCK-8 assay indicated that 
RTFP-1 inhibited the cell growth of HepG2 cells in a dose-dependent manner. Morphological analysis and flow 
cytometry experiment showed that RTFP-1 promoted the apoptosis of HepG2 cells and increased reactive oxygen 
species (ROS) level. The underlying molecular mechanisms indicated that RTFP-1 activated the apoptosis of 
HepG2 cells through ROS-mediated MAPK, STAT, and p53 apoptotic pathways. These results suggest that RTFP-1 
might be a potential chemopreventive and antitumor agent.   

1. Introduction 

Hepatocellular carcinoma (HCC) is a growing global disease, which 
is ranked sixth for its high incidence and mortality among cancers. There 
have been approximate 906,000 new cases and 830,000 deaths by the 
year 2020 (Sung et al., 2021). The initiation and progression of HCC are 
easily triggered by a variety of factors, such as diabetes, fatty liver dis
ease, hepatitis B and C infection, and oxidative stress (McGlynn et al., 
2021). To date, multiple types of antineoplastic agents have been used to 
treat HCC, including sorafenib, nivolumab, lenvatinib, and regorafenib 
(Anwanwan et al., 2020). However, these drugs are inadequate because 
of the hasty development of resistance and drug toxicity (Madduru et al., 
2019). In recent years, natural polysaccharides from plants, animals, 
fungi, bacteria, and algae have shown immense potential as they possess 
potential antitumor activities with low toxicity and side effects. Some 
polysaccharides have been used for clinical or adjuvant treatment of 
tumors (Li et al., 2021; Zhao et al., 2020). Therefore, the development of 
bioactive polysaccharides with antitumor activity is of vital significance 
for cancer populations. 

Rosa roxburghii Tratt, known as Cili in China, is a highly valued plant 

that grows in the mountains of southwest and central south regions of 
China. R. roxburghii fruit has abundant functional and nutritional con
stituents, including polysaccharides, ascorbic acid, phenolics, and su
peroxide dismutase (Huang et al., 2022; Wang et al., 2021; Su et al., 
2022). Polysaccharides from R. roxburghii fruit have been proven to have 
various biological activities, such as antioxidant, hypoglycemic, hypo
lipidemic, and antitumor activities (Chen and Kan, 2018; Chen et al., 
2014; Wang et al., 2020; Wang et al., 2018). However, there is limited 
information on the antitumor activity and mechanism of poly
saccharides from R. roxburghii fruit. In this study, a polysaccharide, 
named RTFP-1, was isolated and purified from R. roxburghii fruit. The 
physicochemical properties and primary structures of RTFP-1 were 
determined by chemical and instrumental analysis. The in vitro anti
tumor activity against human hepatocellular carcinoma HepG2 cells and 
molecular mechanism of RTFP-1 were elucidated by CCK-8 assay, 
fluorescence spectroscopy, flow cytometry, and Western blot assay. This 
work will provide an essential scientific basis for development of poly
saccharides from R. roxburghii fruit as a functional food or drug to treat 
cancers. 
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2. Materials and methods 

2.1. Materials and chemicals 

The dried fruits of R. roxburghii were provided by Guizhou Lvyuan 
Food Co. Ltd (Guizhou, China). Human hepatocellular carcinoma 
HepG2 cell line was purchased from American Type Culture Collection 
(ATCC®, CCL-136™). Dulbecco’s modified Eagle’s medium (DMEM), 
fetal bovine serum (FBS), streptomycin, and penicillin were purchased 
from Gibco Life Technologies (Grand Island, NY, USA). TUNEL apoptosis 
assay kit, cell counting kit-8 (CCK-8), mitochondrial membrane poten
tial assay kit with JC-1 (JC-1), caspase-8 activity assay kit, caspase-9 
activity assay kit, and reactive oxygen species assay kit (ROS) were 
purchased from Beyotime Biotechnology (Shanghai, China). 

2.2. Extraction and purification of polysaccharide 

The crude polysaccharide (RTFP) was isolated from R. roxburghii 
fruits by hot water extraction and ethanol precipitation according to our 
previous work (Wang et al., 2018). The isolation and purification of 
RTFP-1 from RTFP were conducted according to the process described in 
our previous work (Wang et al., 2018). In brief, RTFP solution was 
applied to an equilibrated DEAE-Sepharose fast-flow column (16 × 300 
mm) and then sequentially eluted with 200 mL of distilled water at a 
flow velocity of 1 mL/min. Distilled water eluent was collected, 
concentrated, dialyzed, and lyophilized to yield the RTFP-1. 

2.3. Physicochemical characterization of RTFP-1 

2.3.1. Chemical composition and monosaccharide composition 
Total sugar content of RTFP-1 was measured by phenol-sulfuric acid 

method using glucose as a standard. The protein content was determined 
by the Bradford method. Monosaccharide identification and quantifi
cation of RTFP-1 were determined according to our previous method (Li 
et al., 2020). Briefly, RTFP-1 (5 mg) was hydrolyzed in a corked test tube 
with trifluoroacetic acid (TFA) (2 M) for 6 h at 105 ◦C. Organic residue 
was removed by spin evaporation several times. After filtration through 
a 0.22 μm microporous filter membrane, the filtrate was analyzed by 
ion-exchange chromatography (ICS 3000, Dionex Corp. Sunnyvale, CA, 
USA). 

2.3.2. Determination of Mw 
The Mw of RTFP-1 was determined using the HPGPC method 

described in our previous study (Li et al., 2020). Briefly, RTFP-1 solution 
(1 mg/mL) was filtered through a 0.22 μm microporous filtering film 
and applied to the Agilent 1260 instrument equipped with a TSK-GEL 
guard column (PWXL 6.0 × 40 mm), G-5000 PWXL (7.8 × 300 mm i. 
d., 10 m), and G-3000PWXL (7.8 × 300 mm i.d., 5 m) in series. The 
temperature of the columns was maintained at 35 ◦C and the columns 
were eluted with 0.02 mol/L KH2PO4 (pH 6.0) at a flow rate of 0.6 
mL/min. The injection volume was 20 μL in each run. 

2.3.3. Fourier transform-infrared (FT-IR) spectrometry 
The FT-IR spectrum of RTFP-1 was determined by the KBr method. 

Dried RTFP-1 was homogeneously mixed with KBr powder, milled, and 
compressed into a 1 mm pellet. The pellet was analyzed by a Vector 33 
FT-IR spectrophotometer (Bruker, Ettlingen, Germany) in a wavelength 
range of 400–4000 cm− 1. 

2.3.4. Microscopic analysis 
The microstructure of RTFP-1 was observed by a scanning electron 

microscope (SEM). RTFP-1 was mounted on the sample stage, excess 
floating powder was blown off, and then gold sprayed. The surface 
morphologies of RTFP-1 were observed at 500 × and 2000× magnifi
cations under an accelerating voltage of 15 kV, respectively. 

2.4. Cell culture 

HepG2 cells was incubated in DMEM medium supplemented with 
10% FBS and 1% penicillin/streptomycin in a humidified incubator with 
5% CO2 and 95% humidity at 37 ◦C. 

2.5. Cell proliferation inhibition assay 

The antiproliferative activity of RTFP-1 against HepG2 cells was 
evaluated by a CCK-8 cell proliferation assay. HepG2 cells were seeded 
in 96-well plates and 12-well plates at the density of 4 × 104 cells/well 
and cultured until the cell density reached 70%. After being harvested, 
the cells were incubated with RTFP-1 solutions (0, 2, 3, and 4 mg/mL). 
After 24 h of induction, the CCK8 solution (CCK-8: DMEM = 1:10) was 
replaced in each well for the reaction. Cells in 12-well plates were 
observed under a fluorescence microscope through red and green filters 
(Nikon, Japan). The fluorescent intensity of cells in 96-well plates was 
read at 450 nm via a microplate reader (Varioskan Flash, Thermo, USA) 
and calculated as the formula: cell viability = (ODRTFP-1 − ODBlank)/ 
(ODControl – ODBlank) × 100%. 

2.6. Flow cytometry analysis 

The effect of RTFP-1 on cell-cycle distribution of HepG2 cells was 
analyzed by a flow cytometry (Li et al., 2016). In brief, after treatment 
with RTFP-1 solutions, the HepG2 cells were collected and centrifuged 
into suspension cells. Then, the harvested cells were fixed with chilled 
70% ethanol at − 20 ◦C for 12 h. The fixed cells were stained by PI (50 
μg/mL) at 37 ◦C for 30 min in the dark. The apoptotic cells with hypo
diploid DNA content were detected by quantifying in the sub-G1 peak. 
The results were analyzed by a flow cytometer (FACS Aria, Becton 
Dickinson, USA). 

2.7. TUNEL and DAPI staining assay 

HepG2 cells were seeded in the 2-cm dish at the density of 5 × 104 

cells/well and cultured until the cell density reached 70%. Then, the 
cells were incubated with different concentrations of RTFP-1 solutions 
for 4 h. The cells were fixed by 4% paraformer for 30 min. After being 
washed by PBS twice, the cells were reacted with 100 μL TUNEL solu
tion, followed by the addition of 10 μL of DAPI at the last 30 min. 
Finally, the cells were washed three times with PBS to remove excess 
staining fluid. The images were captured via a fluorescence microscope. 

2.8. Mitochondrial membrane potential measurement 

Changes in the mitochondrial membrane potential of HepG2 cells 
were evaluated by the JC-1 assay. HepG2 cells were seeded in 12-well 
plates at a density of 4 × 104 cells/well and then treated with RTFP-1 
solutions as described above. After incubation for 4 h, the cells were 
washed with PBS, followed by adding 0.5 mL of JC-1 operating fluid. 
After incubation at 37 ◦C for 20 min, the cells were washed twice with 
cold JC-1 buffer to remove excess substrate. Finally, the cells in 12-well 
plates were observed via a fluorescence microscope (Nikon Eclipse 80i, 
Janpan). 

2.9. Determination of ROS 

The ROS accumulation in HepG2 cells induced by RTFP-1 treatment 
was detected by staining the cells with a DCF fluorescence assay (Wang 
et al., 2019; Zhu et al., 2016). In brief, HepG2 cells were seeded in 
96-well plates at a density of 4 × 104 cells/well and then treated with 
RTFP-1 solutions for 24 h. The cells were washed twice with DMEM. 
Then, the cells were incubated with DCFH-DA (10 μM) for 30 min at 
37 ◦C. Subsequently, the cells were washed three times with DMEM. The 
DCF fluorescent intensity of the cells was determined 
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(excitation/emission, 488/525 nm) via a microplate reader. 

2.10. Determination of caspase activity 

The caspase activity was detected by the spectrophotometry method 
(Xia et al., 2020). HepG2 cells were planked in the 4-cm dish at the 
density of 6 × 104 cells/well and cultured until they reached 70% of 
density. The cells were incubated with RTFP-1 solutions for 24 h, fol
lowed by digestion and centrifugation. Then, 200 μL of cell lysis buffer 
was added into each well. Ultrasonic cracking was performed in an ice 
bath for 1–2 h (10 s/time) after centrifugation. The BCA assay was used 
to quantify protein content in the supernatant. Finally, 40 μL buffer, 50 
μL supernatant, and 10 μL catalytic substrate were successively added 
and incubated at 37 ◦C for 30 min. The fluorescent intensity of the 
catalytic reaction product was read at 405 nm via the microplate reader. 

2.11. Western blotting analysis 

Western blotting was performed as previously described method (Li 
et al., 2018). The protein was collected and quantified as the caspase 
activity assay. After calculation and measurement, the protein content of 
each electrophoresis hole was 30 μg. The target proteins were isolated 
by SDS-PAGE and shifted to PVDF membranes by using a transfer buffer. 
The PVDF membranes were blocked with 5% milk for 1 h at room 
temperature. Then, the primary antibodies were added with PVDF 
membranes overnight at 4 ◦C for antigen-antibody reaction. The mem
brane was then washed four times with TBST. Subsequently, the sec
ondary antibodies were added and incubated for 2 h. The reaction 
results of immune complexes were visualized by an ECL detection sys
tem and measured on the X-ray film. The densitometry analysis of band 
intensity was detected by ImageJ. 

2.12. Statistical analysis 

Data were presented as the mean ± standard deviation (SD). All data 
were processed using SPSS 26.0 software (IBM Corporation, Armonk, 
NY, USA). The differences between different groups were analyzed by 
one-way ANOVA multiple comparisons. A probability of *p < 0.05, **p 
< 0.01, and ***p < 0.001 indicated statistically significant values. 

3. Results and discussion 

3.1. Chemical composition of RTFP-1 

The yield of RTFP was 3.57% based on dry weight basis. DEAE- 
Sepharose fast flow chromatography was applied to the isolation and 
purification of RTFP. As shown in Fig. 1A, a polysaccharide, named 
RTFP-1, accounting for 12.3% of RTFP was obtained. As shown in 
Table 1, the sugar content of RTFP-1 was determined as 87.05%. In 
addition, RTFP-1 contained a small amount of protein (1.36%) and 
galacturonic acid (2.28%). 

3.2. Mw of RTFP-1 

The homogeneity and Mw of RTFP-1 were analyzed by HPGPC. As 
illustrated in Fig. 1B, RTFP-1 exhibited a single and symmetrical peak at 
23.682 min, which indicated that RTFP-1 was homogeneous. Based on 
the equation of calibration curve with dextran standards, the average 
Mw of RTFP-1 was determined as 128.7 kDa. In our previous report, an 
acidic polysaccharide RTFP-3 with the Mw of 67.5 kDa was purified 
from the fruits of R. roxburghii (Wang et al., 2018). RTFP-1 had a higher 
Mw, which might have some different functional and biological 
properties. 

3.3. Monosaccharide composition of RTFP-1 

The monosaccharide composition chromatogram is shown in Fig. 2. 
By comparing the chromatogram and regression curves with mono
saccharide standards, RTFP-1 was determined to be composed of arab
inose, galactose, glucose, mannose, xylose, and fucose with the molar 
ratio percentages of 34.84, 40.59, 12.11, 5.06, 3.39, and 4.01%, 
respectively. The monosaccharide composition of RTFP-1 differed from 
those reported in previous study, which found that the polysaccharide 
isolated from R. roxburghii fruits by ultrasonic-assisted extraction con
sisted mainly of glucose (79.54%), while the polysaccharide obtained by 
microwave-assisted extraction mainly consisted of galactose (26.4%) 
and glucose (24.0%) (Chen and Kan, 2018). 

Fig. 1. Chromatographic analysis of RTFP-1: (A) Stepwise elution curve of 
RTFP by DEAE-Sepharose fast-flow; (B) HPGPC chromatogram of RTFP-1. 

Table 1 
Chemical composition and monosaccharide composition of RTFP-1.  

Item RTFP-1 

Sugar content (wt.%) 87.05 ± 1.08 
Protein content (wt.%) 1.36 ± 0.17 
Galacturonic acid content (wt.%) 2.28 ± 0.12 
Monosaccharides (molar ratio %) 
Arabinose 34.84 
Galactose 40.59 
Glucose 12.11 
Mannose 5.06 
Xylose 3.39 
Fucose 4.01  
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3.4. FT-IR spectrometry of RTFP-1 

As shown in Fig. 3, the FT-IR spectrum of RTFP-1 displayed typical 
characteristic absorption of carbohydrate. The strong absorption peak at 
3446 cm− 1 was the characteristic peak of O–H stretching vibration and a 
weak band at 2923 cm− 1 was assigned to C–H stretching vibration of 
CH3 (Li et al., 2020). The absorption peak at 1743 cm− 1 was due to the 
stretching vibration of C––O. The absorption peaks at 1630 and 1423 
cm− 1 were assigned to the asymmetric and symmetric C––O stretching 
vibration of the carboxyl group in uronic acid (Yu et al., 2022). In 
addition, an absorption band at 893 cm− 1 suggested that β-configuration 
of sugar units existed in RTFP-1 (Wang et al., 2018). 

3.5. Microscopic analysis of RTFP-1 

SEM can be used as a qualitative tool to characterize the surface 
morphology of polysaccharide. As shown in Fig. 4, at a magnification of 
500×, RTFP-1 exhibited an aggregated lamellar structure with small 
loose fragments. At a magnification of 2000×, RTFP-1 showed a flat and 
smooth lamellar structure. The difference in solid morphology 
compared with the previously extracted fragment of crude RTFP might 
be due to the different relative Mws and chemical compositions (Wang 
et al., 2018). 

3.6. Effect of RTFP-1 on the viability of HepG2 cells 

As shown in Fig. 5A, RTFP-1 significantly inhibited the cell growth of 
HepG2 cells in a dose-dependent manner. Compared with the blank 
control, the relative viabilities of HepG2 cells after treatment with 2, 3, 
and 4 mg/mL of RTFP-1 were reduced by 85, 78, and 38% respectively. 
Morphological observation showed that the number of HepG2 cells was 
decreased with the increase of the concentrations of RTFP-1, and the cell 
morphology gradually shrunk into a small spherical shape. In addition, 
the typical apoptotic morphologies, such as cell shrinkage, vacuolation, 
and chromatin compaction, were also observed (Fig. 5B). These results 
suggested that RTFP-1 had antiproliferative activity against HepG2 cells. 

3.7. Effect of RTFP-1 on the sub-G1 peak in HepG2 cells 

The apoptotic cells show a typical blue sub-G1 peak in DNA histo
gram, which can be analyzed by flow cytometry. As shown in Fig. 6, the 
sub-G1 apoptotic cell population of HepG2 cells after treatment with 
RTFP-1 was significantly increased in the DNA histogram. Specifically, 
the percentage of apoptotic cell population increased from 5.01% 
(control) to 20.88% (4 mg/mL of RTFP-1), while no significant change 
in the cell cycle distribution was observed. These results indicated that 
RTFP-1 mediated the apoptosis of HepG2 cells. 

3.8. Effect of RTFP-1 on apoptosis of HepG2 cells 

DNA fragmentation is an important biochemical marker of cell 
apoptosis. TUNEL and DAPI were used to investigate the effect of RTFP- 
1 on the apoptosis of HepG2 cells. As shown in Fig. 7, a very significant 
increase in green fluorescence representing DNA fragments was pro
duced on the cytogram and overlapped with the blue fluorescence 
marking the nuclear sites. This result indicated that RTFP-1 inhibited the 
proliferation of HepG2 cells by inducing cell apoptosis. 

3.9. Effect of RTFP-1 on mitochondrial membrane potential 

Mitochondria play an essential role in regulating cell life and death, 
and the disruption of mitochondrial membrane potential is a critical 
feature in the early stage of cell apoptosis. To investigate the initiation of 
cell apoptosis, JC-1 assay was used to reflect the changes in mitochon
drial membrane potential. As shown in Fig. 8, the control group showed 
red fluorescence after staining with JC-1, indicating a high mitochon
drial membrane potential. However, after treatment with RTFP-1, the 
HepG2 cells showed an obvious change of the JC-1 fluorescent color 
from red to green in a dose-dependent manner. This result suggested 
that RTFP-1 caused mitochondrial polarization of HepG2 cells. 

3.10. Effect of RTFP-1 on ROS generation in HepG2 cells 

ROS accumulation can cause damage to the structure and function of 
mitochondria and further induce cell apoptosis. In order to validate 
whether the mitochondrial polarization by RTFP-1 treatments was 
ascribed to ROS accumulation, intracellular ROS levels were measured 
using a DCF fluorescence assay. As shown in Fig. 9A, the relative ROS 
generation increased with the increase of the concentration of RTFP-1. 
The microscopic images also showed consistent green fluorescence 
enhancement (Fig. 9B). These results revealed that ROS overproduction 
could be upstream of mitochondrial dysfunction and DNA damage in 
HepG2 cells caused by RTFP-1. 

3.11. Effect of RTFP-1 on caspase cleavage 

The caspase family of aspartate-specific cysteine proteases plays a 
vital role in apoptosis. Activation of caspase-8 and caspase-9 triggers the 
initiation of extrinsic and intrinsic apoptotic pathways, ultimately 
leading to cell apoptosis (Mai et al., 2019). As shown in Fig. 10A, the 

Fig. 2. Ion-exchange chromatogram of monosaccharide composition and 
uronic acid of RTFP-1. 

Fig. 3. FT-IR spectrum of RTFP-1.  
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relative activities of caspase-9 in the HepG2 cells after treatment with 2, 
3, and 4 mg/mL of RTFP-1 were significantly increased to 168, 179, and 
233%, respectively. In addition, after treatment with 3 mg/mL of 
RTFP-1, the relative viability of caspase-8 in the HepG2 cells was 
increased to 142%. The result indicated that caspase-8 and -9 were 
involved in the apoptosis of HepG2 cells induced by RTFP-1. 

3.12. Effect of RTFP-1 on apoptosis-related protein expression 

Western blotting experiment was conducted to determine the levels 
of critical proteins in the HepG2 cell signaling pathway. The expressions 
of ERK, STAT3, p53, caspase-3/9, and PARP regulate the cell apoptosis 
in the ROS apoptotic pathway (Ray et al., 2012). As shown in Fig. 11A, 
compared to the control group, RTFP-1 up-regulated expression level of 
p53, which further down-regulated expression levels of caspase-3/9 and 
PARP. Moreover, the expression levels of ERK and STAT3 were signifi
cantly up-regulated and down-regulated, respectively. The p53 and 
MAPK signaling pathways are important pathways that regulate cell 
proliferation, migration and apoptosis (Braicu et al., 2019). STAT is 
responsible for signaling from cell surface receptors to the nucleus and is 
a binding site for tumor therapy. As shown in Fig. 11B, the possible 
apoptotic signaling pathways of HepG2 cells induced by RTFP-1 was 
proposed. To sum up, these results indicated that RTFP-1 exhibited 
antitumor activity through ROS-mediated p53, STAT, and MAPK 
apoptotic pathways. 

4. Discussion 

Bioactive polysaccharides have attracted considerable interest over 
the recent years as they possess potential antitumor activity. The anti
tumor activities of polysaccharides are closely associated with their 
structural features, such as Mw, monosaccharide composition, and 

Fig. 4. SEM micrographs of RTFP-1 at 500× magnification (A) and 2000× magnification (B).  

Fig. 5. Effect of RTFP-1 on the cell proliferation of HepG2 cells: (A) Cell 
viability; (B) Morphological changes of cell density; *p < 0.05, **p<0.01 or 
***p < 0.001 Vs the control. 

Fig. 6. Effect of RTFP-1 on the cell apoptosis of HepG2 cells. Representative photomicrographs of the sub-G1 peak.  
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Fig. 7. Effect of RTFP-1on DNA fragmentation and nuclear condensation of HepG2 cells.  

Fig. 8. Effect of RTFP-1on mitochondrial membrane potential of HepG2 cells.  
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branching degree (Li et al., 2021). Chen et al. (2013) reported that the 
polysaccharides extracted from the mycelium of Sarcodon aspratus with 
a high Mw showed potent antitumor activity, while the low fraction did 
not. Dai et al. (2013) reported that the polysaccharides with medium 
Mws between 20 and 500 kDa exhibited stronger antitumor activity. The 
polysaccharides with moderate Mws have more active polymeric 
structures, and therefore associate more with receptors on the surface of 
the cell membrane, thus resulting in a strong cascade signal (Li et al., 
2021). In addition, the antitumor activity of polysaccharides is also 
affected by the monosaccharide composition. In this study, RTFP-1 with 
a Mw of 128.7 kDa was mainly consisted of arabinose, galactose, and 
glucose, which was similar to other previously reported polysaccharides 
from Angelica sinensis and Lycium ruthenicum with good antitumor ac
tivity (Zhang et al., 2013, 2016). These results suggested that the 
monosaccharide composition and Mw of RTFP-1 were crtitical factors 

that determined its antitumor activity. 
Apoptosis is programmed cell death, and ROS is critical for pro

moting apoptosis in response to various apoptotic stimuli (Khan et al., 
2019; Yang et al., 2018). Induction of apoptosis and targeting ROS 
through polysaccharide intervention is an effective way to combat tu
mors (Zhang et al., 2020, 2021). In this study, RTFP-1 exhibited anti
proliferative activity against HepG2 cells through inducing cell 
apoptosis. Notably, RTFP-1 could increase the ROS generation level in 
the HepG2 cells. Thus, it was hypothesized that RTFP-1 inhibited the 
proliferation of HepG2 cells through ROS-mediated apoptotic pathways. 
The p53, a complex signaling network that links upstream and down
stream proteins, can be driven by DNA damage signals induced by ROS 
accumulation. Regulation of p53 protein and the direct damaging effects 
of ROS promote mitochondrial polarization. Mitochondrial polarization 
causes cytochrome c spillover, further leading to a cascade of caspase 
reactions and cleavage of its major substrate PARP (Van Opdenbosch 
and Lamkanfi, 2019; Yao et al., 2021). The expression level of p53 in 
HepG2 cells after treatment with RTFP-1 was increased, while the 
expression levels of caspase-3, caspase-9, and PARP were decreased, 
which implied that the p53 apoptotic pathway was an important 
pathway for RTFP-1 with anti-tumor effect. Besides, excessive intracel
lular ROS production could trigger the STAT and MAPK pathways. 
Western blotting analysis showed that the expression level of ERK pro
tein was significantly up-regulated, while the expression level of STAT3 
protein was down-regulated after RTFP-1 treatment. ERK is a crucial 
antitumor target involved in the MAPK pathways, which sustain cell 
proliferation, growth, and survival processes (Lee et al., 2020). STAT 
proteins were discovered as cytoplasmic transcription factors that 
mediated cellular responses to cytokines and growth factors (Verhoeven 
et al., 2020). Inhibition of the STAT3 pathway by inhibitors or siRNAs 
can reduce cell survival and induce apoptosis. In addition, STAT3 acti
vation induces the expression of Bcl-2 protein and blocks p53-mediated 
apoptosis (Carneiro and El-Deiry, 2020; Niu et al., 2005). Taken 
together, these results suggested that RTFP-1 promoted the apoptosis of 
HepG2 cells through ROS-mediated MAPK, STAT, and p53 apoptotic 
pathways. 

5. Conclusion 

A novel polysaccharide RTFP-1 was isolated and purified from 
R. roxburghii fruit. RTFP-1 was a homogeneous heteropolysaccharide 
with the Mw of 128.7 kDa and consisted of arabinose, galactose, glucose, 
mannose, xylose, and fucose with molar ratio percentages of 34.84, 
40.59, 12.11, 5.06, 3.39, and 4.01%, respectively. RTFP-1 could inhibit 
the cell proliferation of HepG2 cells. The underlying molecular mecha
nisms indicated that RTFP-1 activated the apoptosis of HepG2 cells 
through ROS-mediated MAPK, STAT, and p53 apoptotic pathways. 

Fig. 9. Effect of RTFP-1 on (A) relative ROS generation and (B) morphological 
changes of green fluorescence. *p<0.05, **p<0.01 or ***p < 0.001 Vs the 
control. (For interpretation of the references to color in this figure legend, the 
reader is referred to the Web version of this article.) 

Fig. 10. Effect of RTFP-1 on (A) caspase-9 activity and (B) caspase-8 activity. *p<0.05, **p<0.01 or ***p < 0.001 Vs the control.  
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Overall, these results suggest that RTFP-1 may serve as a promising 
chemopreventive and antitumor candidate in the functional food and 
medical fields. Future studies should be focused on the antitumor ac
tivity and underlying mechanisms of RTFP-1 using in vivo and human 
clinical experiments. 
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