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Abstract: To develop a novel nano DNA fluorescent probe for in situ detection of CSTF2 in liver cancer (LC) and study 
its correlation with the development of LC, we developed nano-TiO2-DNA fluorescent probe which can bind with 
CSTF2 in LC samples with high efficiency. The detection process of CSTF2 did not involve the use PCR technology, 
and the concentration of CSTF2 can be directly observed by fluorescence intensity. This probe exhibited excellent 
physicochemical properties in ethyl alcohol at -20°C and could directly and selectively permeate into Hep-3B cells. 
By using CSTF2 Nano-TiO2-DNA probe, we found that the CSTF2 level increased greatly in LC tissue and cells, and 
high CSTF2 level was closely associated with high levels of tumor markers and poor prognosis in LC patients. After 
transfection, CSTF2 was overexpressed or silenced in Hep-3B cells, and we find that high CSTF2 level effectively 
increased the activity and invasion of Hep-3B cells and reduced their apoptosis. Furthermore, high CSTF2 level 
significantly increased the tumor volume and weight in mice models by activating PI3K/AKT/mTOR signal pathway. 
Therefore, CSTF2 can serve as an early biomarker of LC and a novel potential target for its treatment.
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Introduction

Liver cancer (LC), with a five-year survival rate 
of 10%-15%, has been considered to be one of 
the most common gastrointestinal tumors in 
China [1]. Chronic viral hepatitis is an important 
risk factor for LC, and there are about 90 mil-
lion patients with chronic hepatitis B in China, 
which leads to a high incidence of LC [2]. In 
addition, the onset of LC is often insidious, with 
inconspicuous symptoms in the early stage. As 
a result, patients are often diagnosed in ad- 

vanced stages, leading to missed opportunity 
for optimal treatment [3]. In advanced stages, 
LC exhibits rapid progression and concurrent 
emergence of a variety of complications, ren-
dering surgical treatment unfeasible and affect-
ing the efficacy of chemotherapy [4]. Therefore, 
exploring more sensitive biomarkers for the 
early diagnosis of LC is of positive significance 
to improve patients’ prognosis. This effort also 
supports the determination of novel therapeu-
tic targets, so as to inhibit the rapid progression 
of LC.
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With the development of molecular genetics 
technology, increasing genes, such as ZEB2 
and SP1, have been found to be related to the 
occurrence of cancers [5, 6]. The up-regulation 
of their expression can greatly increase the 
activity and invasiveness of cancer cells, lead-
ing to poor prognosis in cancer patients. There- 
fore, studying the pathogenesis and progres-
sion of LC on a gene level can provide a new 
direction for the early diagnosis and treatment 
of LC. Recently, a study found that the shorten-
ing of mRNA 3’-UTR was closely related to the 
upregulation or activation of oncogene, which 
is an important factor contributing to the con-
tinuous progression of tumors [7]. The shorten-
ing of mRNA 3’-UTR may lead to the deletion of 
complementary binding sites for miRNA, which 
facilitates escaping miRNA-mediated targeted 
inhibition and activating related oncogenes [8]. 
For example, in human breast cancer, lung  
cancer, colorectal cancer, and kidney cancer, 
researchers found that tumor with shorter 
mRNA 3’-UTR tended to be more aggressive, 
and the patients are associated with poorer 
prognosis [9-11]. Cleavage stimulation factor 
subunit 2 (CSTF2), as one of the three subunits 
of CSTF complex, is positively correlated with 
the shortening trend of mRNA 3’-UTR [12]. This 
suggests that CSTF2 plays an important regula-
tory role in tumor progression. For example, the 
upregulation of CSTF2 can contribute to the 
carcinogenic activity of hepatocellular carcino-
ma [13]. Accordingly, it is reasonable to assu- 
me that CSTF2 may promote the development 
of LC, but its specific mechanism remains in- 
adequately investigated. Therefore, studies on 
abnormal expression and mechanism of CSTF2 
in LC may provide a new research direction.

In order to better understand the role of CSTF2 
in LC, enhancing its detection accuracy in LC 
tissues is pivotal. Traditionally, the pathological 
diagnosis of LC usually depends on the second-
generation sequencing technology. Although 
the target cDNA can be amplified by conven-
tional qPCR, the quantity of tissue samples 
obtained by puncture is often limited, which 
may affect the reliability of the results. Hence, 
a relatively simple and intuitive detection app- 
roach is needed to improve the accuracy and 
make up for the shortcomings of conventional 
qPCR. Here, we created a synthetic nanostruc-
tured DNA probe called nano-TiO2-DNA probe. 
The combination of nano-TiO2-DNA probe and 
target sequence has high efficiency and speci-

ficity. The coupled fluorescent group’s ability  
to restore fluorescence post-binding enables 
direct and intuitive detection of small mole-
cules in situ. This advancement holds potential 
for expediting clinical screening, especially in 
scenarios involving small samples like biopsy 
tissues. In addition, when combined with TiO2 
nanoparticle (NP), the DNA probe gains en- 
hanced penetration into tissues and cells, 
effectively promoting the combination with the 
target sequence and thereby improving the 
detection sensitivity [14, 15]. To our knowled- 
ge, there are few studies on utilizing DNA 
probes to assess CSTF2 levels and exploring 
the association between CSTF2 and malignant 
biological features in LC. Therefore, this study 
aimed to examine CSTF2 levels in LC and their 
correlation with LC progression.

Materials and methods

Physicochemical properties test of nano-TiO2

TiO2 NP (13463-67-7, Sigma-Aldrich, MO, USA) 
was used as the vector of nano DNA probe in 
this study. Firstly, we tested its binding ability to 
LC cells. Nano TiO2-Cy5 (ab6564, Abcam, USA) 
was mixed with Hep-3B cells (CL-010, Procell, 
Wuhan, China) and stained by Alexa Fluor® 
405 (ab175652, Abcam). After 1-h incubation, 
the fluorescence intensity was tested. Secondly, 
we determined the optimal preservation medi-
um and temperature for the nano DNA fluores-
cent probe, ensuring its maximal solubility and 
robust stability in the medium. TiO2-FITC was 
dissolved in distilled water, NaOH, formic acid, 
methyl alcohol, and ethyl alcohol. The fluores-
cence intensity of the sediment was observed 
after the solutions were placed in dark for 24 h. 
After determining the optimal medium, TiO2-
FITC solution was stored under different tem-
peratures, including -60°C, -20°C, 10°C, 37°C, 
and 60°C, and the fluorescence intensity of 
TiO2 sediment was observed after 24 h. The 
fluorescence intensity was observed by a con-
focal microscopy (ZEISS, LSM800). Three sets 
of experiments were conducted to investigate 
the stability and permeability of TiO2, and the 
average fluorescence intensity of each set was 
taken.

Preparation of nano-TiO2-DNA probe

Firstly, we synthesized CSTF2-related oligonu-
cleotides (TCACAGGTGAATGACA-GGAGAGGA). 
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Next, the oligonucleotides were modified with 
FITC (ab6717, Abcam, USA) to label the beacon 
by magnetic stirring under 60°C. Then, a non-
fluorescent stop beacon was modified on the 
opposite end of the oligonucleotides by incu-
bating with them in glycerol under 37°C. This 
interaction allowed the formation of a stem-
loop structure by connecting with the CSTF2 
sequence, preventing the release FITC fluores-
cence. Subsequently, CSTF2 DNA probe and 
TiO2 NP were dissolved in borate buffer, and the 
mixture was stirring at 37°C for 12 h, and nano-
TiO2-DNA probe precipitate was obtained by 
centrifuging at 3000 rpm and then stored at 
4°C for later use (Figure 1).

Permeability test of nano-TiO2-DNA probe

Nano DNA probe and nano-TiO2-DNA probe 
(stained by Cy5) of CSTF2 were mixed with Hep-
3B cells (stained by Alexa Fluor® 405) for infil-
tration ability test. After 10 min, the fluores-
cence image was observed by the confocal 
microscopy. Three permeability experiments 
were conducted in each group, and the average 
fluorescence intensity was taken.

Research subjects

LC patients who were treated in Tianjin Fifth 
Central Hospital from August 2012 to August 
2020 and in Huangnan Tibetan Autonomous 
Prefecture People’s Hospital from January 
2015 to August 2020 were included as re- 
search subjects. Inclusion criteria: (1) patients 
who were diagnosed for the first time; (2) 
patients who met the diagnostic criteria of pri-
mary LC in Asian Pacific Association for the 
Study of the Liver consensus recommenda-
tions on hepatocellular carcinoma [16]; (3) 
patients who were 18-60 years old; (4) patients 
with tumor diameter over 2 cm; (5) patients 
without previous local treatment or chemother-
apy. Exclusion criteria: (1) patients with active 
hepatitis; (2) patients with CNLC stage IV; (3) 
patients with other malignant tumors; (4) 
patients with previous history of liver surgery. 
Following the criteria, a total of 70 patients 
were included in a LC group, and their liver biop-
sy specimens were stored in liquid nitrogen and 
transferred into a medical refrigerator at -80°C. 
Meanwhile, 49 liver cyst biopsy specimens col-
lected in the same period were used as con-

Figure 1. Synthesis principle and workflow of Nano-TiO2-DNA.
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trols. All the subjects in the study signed an 
informed consent.

Culture of HL7702 cells and LC cell lines

In this study, we chose normal liver cells 
HL7702 (CL-0111, Procell), and LC cell lines 
Hep-3B, HCCLM3 (CL-0278, Procell), and Huh7 
(CL-0120) for in vitro experiments. The above 
cells were cultured in 24-well plates with DMEM 
(D8537, Merck, Germany) and 10% fetal bovine 
serum (SV30087.03, HyClone, USA). The cells 
were placed in a cell incubator (Herocell 180, 
Shanghai Rundu Biotechnology Co., Ltd.) main-
tained at a temperature of 37°C and supple-
mented with 5% CO2. After 24-hour incubation, 
the above cells were diluted to a concentration 
of 4 × 104/mL for later use.

Detection of CSTF2 by nano fluorescence 
probe

LC and liver cyst specimens stored in the medi-
cal refrigerator were taken out to measure the 
expression levels of CSTF2. The nano DNA 
probe of CSTF2 was hybridized with the tissue 
specimens, and the subsequent detection pro-
cess was shown in above in Preparation of 
nano-TiO2-DNA probe.

Detection of tumor markers and survival analy-
sis

LC patients were divided into an H-CSTF2 group 
and an L-CSTF2 group according to the median 
of CSTF2 level. Their clinical data were collect-
ed and the clinicopathological features were 
comparatively analyzed. In addition, the surviv-
al of LC patients was followed up by telephone, 
WeChat, outpatient visits and home visit, with 
the end-point event being all-cause death and 
the secondary event being further progression 
or relapse. The follow-up period was 24 months 
and ended in August 2022.

Hep-3B cell transfection

The previous prepared Hep-3B cells were us- 
ed as studied cell lines and transfected by 
Lipofectamine 2000. pcDNA-CSTF2-EGFP was 
used for the overexpression of CSTF2, and  
si-h-CSTF2 (caccGTGTCCTGAGATGGCTTGTAAG- 
ctcgagATTCTCT TCCTCTGTGCGCCG, siB14113- 
165307-1-5, RiboBio, Guangzhou, China) was 
used for silencing CSTF2. The sequence of 

scrambled shRNA was CCGGCAACAAGATGAA- 
GAGCACCAACTCGAGTTGGTGCTCTTCATCTT- 
GTTGTTTTTG. After 6 hours of transfection, 
Hep-3B cells were divided into three groups, 
control group without any treatment, H-CSTF2 
group, and L-CSTF2 group, and the above cells 
were cultured for another 24 h. Each group was 
equipped with three compound wells.

Detection of Hep-3B cell activity in vitro

Hep-3B cell activity was detected by immuno-
fluorescence. The transfected cells were st- 
ained by Anti-ki67 (ab15580, Abcam), and FITC 
was used as secondary antibody. Then, the cell 
ability was observed by confocal microscope, 
and the cell density was observed under a dif-
ferential interference contrast (DIC) micro-
scope (MX8R, Dongguan beitesen Precision 
Instrument Co., Ltd., China). 

Evaluation of Hep-3B cell apoptosis in vitro

After transfection, Hep-3B cell apoptosis was 
analyzed to evaluate the role of CSTF2. Anti-
cleaved caspase3 antibody (ab32042, Abcam, 
USA) was added to mark apoptotic Hep-3B 
cells, and Cy3.5 (ab6941, Abcam) was used  
as secondary antibody. Then, apoptotic cells in 
each group were detected by the confocal 
microscope.

Detection of Hep-3B cell migration

In order to detect the migration of Hep-3B cells 
in each group, wound healing assay was per-
formed. Hep-3B cells of each group were seed-
ed in a 12-well plate with a total cell number of 
1 × 104, and each group was equipped with 
three compound wells. Following the creation of 
a scratch on the cell layer using a pipette tip, 
PBS solution was used to remove any remain-
ing Hep-3B cells within the scratch. After an 
additional 24-h incubation, the migration of 
Hep-3B cells within the scratch was observed 
by a microscope (BX53, OLYMPUS, JAPAN), and 
the total number of migrating chondrocytes 
was determined.

Establishment of LC mice model

Nine 6-8-week-old male C56BL/6J mice (Jiang- 
su Jicui Yaokang Biotechnology Co., Ltd., China) 
weighing 30 g were selected to construct LC 
animal model. They were randomly divided into 



Liver cancer

5581 Am J Cancer Res 2023;13(11):5577-5589

a control (n=3), an H-CSTF2 (n=3), and an 
L-CSTF2 group (n=3). Then, 100-μL transfected 
Hep-3B cell dilution was injected into the back 
skin of each mouse. After 14 days, the LC mice 
model was successfully constructed, and the 
tumor volume was measured every four days. 
After 34 days, the above mice were sacrificed 
to harvest the tumor tissue, and CSTF2 level 
and weight of tumor tissue were examined. This 
animal experiment was approved by Tianjin 
Fifth Central Hospital Laboratory Animal Ethics 
Committee.

Immunohistochemical analysis

To investigate the role of PI3K/AKT/mTOR path-
way in LC progression and CSTF2, the tumor tis-
sue of mice in each group were fixed in 4% for-
malin for 72 hours and sectioned 5-mm slices. 
Then, the slices were incubated with anti-PI  
3 Kinase p85 beta antibody [EPR18416] 
(ab180967, Abcam), anti-AKT (phospho T308) 
antibody (ab38449, Abcam), and anti-mTOR 
antibody [EPR390(N)] (ab134903, Abcam) at 
4°C overnight, and IHC staining was used to 
analyze the expressions of PI3K, AKT, and 
mTOR. The fluorescence intensity of the above 
indexes in each group was observed by a fluo-
rescence spectrophotometer.

Statistical processing

Data were analyzed using SPSS 22.0 and 
GraphPad Prism7. Categorical variables were 
expressed as n (%) and tested using the χ2 test. 
Continuous variables that conformed to a nor-
mal distribution were presented as mean ± 
standard deviation (SD), and the two-tailed 
Student’s t-test was applied to assess the dif-
ferences between two groups; those did not 
conform to a normal distribution were present-
ed as median value with interquartile range 
(IQR), and differences between the two groups 
were tested using the Mann-Whitney non-pa- 
rametric test. Person correlation analysis was 
used to analyze the correlation between CSTF2 
and tumor markers. Survival curves were plot-
ted using the Kaplan-Meier curve. Statistical 
significance was indicated when P < 0.05.

Results and discussion

Physicochemical characteristics of TiO2 NP

The permeability of TiO2 NP in LC cells plays a 
key role in improving the permeability of our 
designed nano fluorescent probe. Obviously, 
TiO2 NP could permeate into Hep-3B cells 
directly (Figure 2A-C) and presented effective 

Figure 2. Physicochemical Characteristics of TiO2 NP. A: Confocal image of TiO2-FITC. B: Confocal image of Hep-3B 
cells stained by Alexa Fluor® 405. C: Confocal image of merged TiO2-FITC and Hep-3B cells. D: Dissolving capacity 
test of TiO2. E-G: Confocal image of precipitate TiO2-FITC after TiO2-FITC solution at different temperature. H: Quanti-
tative fluorescence precipitates of TiO2-FITC at different temperature.
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co-localization with Hep-3B cells, as evidenced 
by confocal image. Besides, TiO2 could main-
tain the maximum solubility in methanol and 
exhibited minimal precipitation after 24 h of 
standing (Figure 2D). Meanwhile, we found the 
lower the temperature, the better the stability 
of TiO2 NP. Therefore, we recommend that 
nano-TiO2-DNA probe should be stored under 
-20°C (Figure 2E-H).

Nano TiO2-DNA probe could better penetrate 
into Hep-3B cells

To further detect the effect of TiO2 NP on the 
permeability of nano fluorescent probe, we 
observed its permeability in Hep-3B cells. With 
the help of TiO2 NP, nano DNA probe could bet-
ter penetrate into Hep-3B cells (Figure 3A-F). 
Quantitative analysis showed that the fluores-
cence intensity of TiO2-DNA probe was higher 
than that of pure DNA probe (Figure 3G).

CSTF2 level was up-regulated in LC tissue

The CSTF2 level was higher in the LC tissue, 
Hep-3B cells, HCCLM3 cells, and Huh7 cells 
than that in liver cysts and HL7702 cells (Figure 
4A, 4B). In addition, in order to further explore 
the CSTF2 level in different LC tissue, we 
grouped LC specimens according to tumor 
diameter, tumor differentiation, and CNLC gra- 
de. It was found that the CSTF2 level increased 
significantly in the tissue with tumor diameter 
greater than 5 cm, poor differentiation, and or 

stage III (Figure 4C-E). The above results indi-
cate that CSTF2 is closely related to the pro-
gression of LC.

High CSTF2 level was closely related to the 
clinicopathological characteristics and progno-
sis of patients

The clinicopathological features of LC patients 
were evaluated, including age, tumor diameter, 
lymph node metastasis, CNLC stage, tumor dif-
ferentiation, and Child-Pugh grade. It was fo- 
und that there were more patients with large 
tumor diameter, high lymph node metastasis 
rate, high CNLC stage, and poor differentiation 
in the H-CSTF2 group than in the L-CSTF2 gr- 
oup (Table 1). Besides, the levels of AFP, 
CA-199, and PIVKA-II were significantly higher 
in the H-CSTF2 group (Table 2), and the tumor 
markers were positively correlated with the 
CSTF2 level (Figure 5A-C). As shown in Figure 
5D, 5E, the risks of death and disease progres-
sion were higher in the H-CSTF2 group. The 
above results indicate that high CSTF2 level is 
a key factor that promotes LC progression and 
increases the risk of recurrence and death in 
LC patients.

CSTF2 could effectively promote tumor cells 
proliferation

The proliferative activity of Hep-3B cells is of 
great significance in promoting LC progre- 
ssion. Firstly, we examined the CSTF2 level in 

Figure 3. Permeation Capacity Comparison of Nano DNA probe and Nano TiO2-DNA probe. A-C: Permeability of pure 
DNA probe in Hep-3B cells. D-F: Permeability of TiO2 DNA probe in Hep-3B cells. G: Quantitative permeability fluores-
cence intensity of DNA probe and TiO2-DNA probe. **P < 0.01.
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all groups of cells and found that the level in 
L-CSTF2 group was markedly lower than that  
in H-CSTF2 and control groups, especially in 
H-CSTF2 group, suggesting that we had suc-
cessfully performed the transfection experi-

ment (Figure 6A). Meanwhile, in comparison to 
the L-CSTF2 group, the cell connectivity was 
notably tighter and the proliferation was higher 
in the control and H-CSTF2 groups, especially 
in the H-CSTF2 group (Figure 6B-E). By labeling 

Figure 4. CSTF2 level detec-
tion. A: CSTF2 level in LC tissue 
and liver cysts. B: CSTF2 level 
in HL7702, Hep-3B, HCCLM3, 
and Huh7 cells. C: CSTF2 level 
in LC with different tumor size. 
D: CSTF2 level in LC with dif-
ferent tumor differentiation. E: 
CSTF2 level in LC with different 
CNLC grade. **P < 0.01.

Table 1. Relationship between CSTF2 and clinicopathological features
Index L-CSTF2 group (n=32) H-CSTF2 group (n=38) χ2 P
Age ≥ 50 21 (65.62) 21 (55.26) 0.777 0.378

< 50 11 (34.38) 17 (44.74)
Tumor diameter (cm) ≥ 5 13 (40.63) 25 (65.79) 4.433 0.035

< 5 19 (59.37) 13 (34.21)
Lymph node metastasis Yes 14 (43.75) 27 (71.05) 5.337 0.021

No 18 (56.25) 11 (28.95)
CNLC staging III 9 (28.13) 24 (63.16) 8.556 0.003

I+II 23 (71.87) 14 (36.84)
Tumor differentiation Poor 8 (25.00) 20 (52.63) 5.526 0.019

High 24 (75.00) 18 (47.37)

Table 2. Detection of AFP, CA-199, and PIVKA-II, M (P25, P75)
Group Cases AFP (ng/mL) CA-199 (U/L) PIVKA-II (mAU/mL)
L-CSTF2 group 32 517.13 (18.45, 1123.56) 61.35 (9.13, 287.98) 467.43 (49.65, 2945.63)
H-CSTF2 group 38 588.34 (19.29, 3358.12) 83.34 (10.29, 512.38) 583.75 (40.67, 3721.25)
t -2.193 -2.886 -2.985
P 0.032 0.005 0.004
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with Ki-67, it was found that the fluorescence 
intensity of viable Hep-3B cells was elevated in 
the control and H-CSTF2 groups when com-
pared to that in the L-CSTF2 group, with a more 
pronounced effect observed in H-CSTF2 group 
(Figure 6F-I). It is indicated that CSTF2 can 
effectively promote Hep-3B cell proliferation.

CSTF2 could effectively inhibit tumor cells 
apoptosis

The apoptosis of tumor cells can reflect the 
inactivation effect of CSTF2 on tumor cells. By 
labeling apoptotic Hep-3B cells with cleaved 
caspase-3, more apoptotic cells were observ- 

ed in both the control and L-CSTF2 groups than 
in the H-CSTF2 group, with the a more promi-
nent result noted in the L-CSTF2 group (Figure 
7A-C). Quantitative analysis showed that the 
fluorescence intensity was the lowest in the 
H-CSTF2 group (Figure 7D). It is indicated that 
CSTF2 can inhibit tumor cells apoptosis.

CSTF2 could effectively promote tumor cells 
migration

The migration ability of tumor cells can effec-
tively reflect their invasiveness. Compared to 
the L-CSTF2 group, more Hep-3B cells migrated 
into the scratched area in the control group  

Figure 5. Correlation analysis be-
tween CSTF2 and LC patient prog-
nosis. A-C: Correlation analysis be-
tween CSTF2 with AFP, CA-199, and 
PIVKA-II. D, E: Prognosis evaluation 
in LC patients with different CSTF2 
levels.

Figure 6. Hep-3B cell growth and proliferation assessment. A: Detection of CSTF2 levels in Hep-3B cells after trans-
fection. B: DIC image of untreated Hep-3B cells, 20×. C: DIC image of Hep-3B cells with CSTF2 over-expression. D: 
DIC image of Hep-3B cells with CSTF2 silencing. E: Quantitative analysis of transfected Hep-3B cell number per HPF 
under DIC image. F: anti-Ki67 expression pattern in Hep-3B cells without treatment. G: anti-Ki67 expression pattern 
in Hep-3B cells with CSTF2 over-expression. H: anti-Ki67 expression pattern in Hep-3B cells with CSTF2 silencing. I: 
Quantitative fluorescence evaluation of active cells. **P < 0.01.
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and the H-CSTF2 group, especially in the 
H-CSTF2 group (Figure 8A-C). The quantitative 
evaluation of migration cell number and area 
also showed the same results (Figure 8D, 8E). 
Therefore, it is indicated that CSTF2 can effec-
tively promote the migration ability of Hep-3B 
cells.

High CSTF2 level could promote LC progres-
sion in mice model

For further confirming the function of CSTF2  
on the development of LC, we carried out exper-
iments in mouse models. As shown in Figure 
9A-D, the CSTF-2 level in H-CSTF2 group ex- 
hibited a more significant increase compared 
to that in the control and L-CSTF2 groups. Th- 
is indicates successful establishment of LC 

mouse models with both high and low CSTF2 
levels. Meanwhile, the tumor volume and wei- 
ght of LC mice in the control group and the 
H-CSTF2 group exhibited more rapid growth 
compared those in the L-CSTF2 group, espe-
cially in the H-CSTF2 group (Figure 9E-G). 

CSTF2 promotes LC progression through PI3K/
AKT/mTOR signaling pathway

As shown in Figure 10, compared with those in 
the L-CSTF2 group, the fluorescence intensity 
of PI3K, Akt, and mTOR were significantly high-
er in the control group and the H-CSTF2 group, 
especially in the H-CSTF2 group. Therefore, 
PI3K/Akt/mTOR pathway plays a significant 
role in facilitating CSTF2-driven progression of 
LC.

Figure 7. Hep-3B cells apoptosis detection. A: anti-cleaved caspase 3 expression pattern in the control group, 20×. 
B: anti-cleaved caspase 3 expression pattern in the H-CSTF2 group. C: anti-cleaved caspase 3 expression pattern in 
the L-CSTF2 group. D: Quantitative fluorescence evaluation of apoptotic cells. **P < 0.01.

Figure 8. Wound healing assay 
of Hep-3B cells. A: Hep-3B cells 
without any treatment. B: Hep-3B 
cells with CSTF2 over-expression. 
C: Hep-3B cells with CSTF2 silenc-
ing. D, E: Quantitative evaluation 
of Hep-3B cell migration number 
and area. **P < 0.01.
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Discussion

Based on statistical data, liver cancer ranked 
as the third leading cause of mortality among 
all malignant tumors in 2020 [17]. At present, 
some progress has been made in LC treatment, 
such as radiofrequency ablation, surgical re- 
section, and targeted therapy [18], but the 
choice of treatment methods and clinical effi-
cacy are closely related to the stage of LC. 
Therefore, improving the early diagnosis rate of 
LC is crucial in improving the clinical efficacy 
[19]. In addition, in view of the rapid progres-
sion of LC, finding effective targets to inhibit its 
rapid proliferation is the key to reduce patients’ 
mortality. As a group of DNA sequences closely 
related to human carcinogenesis, the activa-
tion of oncogenes is an important reason for 
the increased invasiveness of tumor. Some 
studies have shown that CSTF2 is associated 
with the modification of oncogene 3’-UTR, lead-
ing to its shortening and subsequent activation 
of the oncogene [20]. For example, CSTF2 was 
overexpressed in NSCLC cells, and could pro-
mote NSCLC progression via shortening the 

length of cancer-related gene 3’-UTR [21]. 
Therefore, CSTF2 could be potential sensitive 
biomarker for the diagnosis of LC, and its cor-
relation with LC is worthy of studying.

To detect the CSTF2 level in LC tissue more effi-
ciently, we innovatively designed a nanostruc-
tured DNA probe that can specifically bind to 
the gene sequence of CSTF2, which can reflect 
its concentration through fluorescence intensi-
ty. This nanostructured DNA probe has seve- 
ral characteristics. Firstly, it can detect target 
sequence in situ in cells and tissues without 
amplification, which simplifies the experimen- 
tal process and saves time. Secondly, by de- 
signing nanostructured DNA probes carrying 
different target groups, the levels of multiple 
targets in the same tissue can be detected at 
the same time, thus effectively avoiding multi-
ple experimental procedures because of tissue 
heterogeneity. Thirdly, it can realize the quanti-
tative analysis of the target by recording the 
fluorescence intensity, and provide more intui-
tive visual results for the research. Fourthly, by 
combining with TiO2 NP, its permeability in LC 

Figure 9. Carcinogenic effect of CSTF2 on LC. A-C: anti-Ki67 expression pattern in LC mice in the control, H-CSTF2, 
and L-CSTF2 groups, 20×. D: Quantitative evaluation of CSTF2 level. E: Macroscopic appearance of tumor tissue in 
LC mice in the control, H-CSTF2, and L-CSTF2 groups. F: Comparison of tumor volume in the control, H-CSTF2, and 
L-CSTF2 groups. G: Comparison of tumor weight in the control, H-CSTF2, and L-CSTF2 groups. #P > 0.05, *P < 0.05, 
**P < 0.01.
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tissue and cells is significantly improved, thus 
further enhancing the accuracy of detection. 
During the study, we compared the sensitivity 
and specificity of the nano DNA probe with 
those of PCR. PCR was performed in all tumor 
samples to detect CSTF2 expression, and posi-
tive results were revealed in 5 samples. Using 
our DNA probe, high intensity fluorescence was 
detected in 4 samples, which means the DAN 
probe has similar results to PCR.

By using the nanostructured DNA probe, we 
detected significantly increased CSTF2 level in 
LC tissue and cells. Moreover, the lesions of LC 
patients with high CSTF2 level were more like- 
ly to metastasize, with worse tumor differentia-
tion and lower CNLC stage. In addition, we 
found that levels of tumor markers increased 
significantly in the H-CSTF2 group and were sig-
nificantly positively correlated with the CSTF2 
level, resulting in a significant increasing risk  

of death and disease progression. Chen et al. 
[22], found that CSTF2 level was higher in blad-
der cancer patients with higher TNM stage and 
larger tumor diameter, and those patients were 
more likely to experience disease progression, 
which is consistent with our results. To further 
explore the role of CSTF2 in LC progression,  
we carried out cell experiments. The results 
showed that when CSTF2 was overexpressed, 
the activity of Hep-3B cells increased signifi-
cantly, and they were more prone to invasion 
and metastasis, which accelerated LC progres-
sion and led to poor prognosis.

To explore the mechanism of CSTF2 promoting 
LC progression, we established LC mouse mod-
els and found that the levels of PI3K, Akt, and 
mTOR increased significantly in the H-CSTF2 
group. PI3K/AKT/mTOR pathway has been 
found to be involved in the development of a 
variety of cancers, such as esophageal squa-

Figure 10. Mechanism of CSTF2 carcinogenesis. A-C: Expressions of PI3K in the control, H-CSTF2, and L-CSTF2 
groups. D: Quantitative fluorescence evaluation of PI3K. E-G: Expressions of AKT in the control, H-CSTF2, and L-
CSTF2 groups. H: Quantitative fluorescence evaluation of AKT. I-K: Expressions of mTOR in the control, H-CSTF2, and 
L-CSTF2 groups. L: Quantitative fluorescence evaluation of mTOR. **P < 0.01.
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mous cell carcinoma, ovarian cancer, and gas-
trointestinal stromal tumors [23-25]. In addi-
tion, Xue et al. [26] found that Anemoside B4 
realized an anticancer effect in LC by inactivat-
ing PI3K/Akt/mTOR pathway. On the contrary, 
the proliferation and migration of LC cells could 
be enhanced by activating PI3K/AKT/mTOR 
pathway [27]. Our results showed that high 
CSTF2 levels could activate PI3K/AKT/mTOR 
pathway, thus increasing the volume and weight 
of tumors in LC mouse model. Therefore, CSTF2 
can be used as an early biomarker of LC and a 
novel potential target for the treatment.

Conclusion

In this study, the designed nano-TiO2-DNA 
probe enables rapid in-situ detection of CSTF2 
in puncture samples from LC patients, offering 
high sensitivity and specificity, which eliminates 
the need for DNA extraction or PCR procedur- 
es. Using this detection method, we find that 
CSTF2 level is significantly increased in LC tis-
sue and cell lines, and is closely related to  
the poor prognosis of LC patients. In addition, 
CSTF2 can increase the proliferative activity 
and invasiveness of LC cells through PI3K/AKT/
mTOR signaling pathway, so as to play a carci-
nogenic role.
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