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Introduction

CC refers to a malignant tumor of the bile duct from 
the extrahepatic bile duct, including the hilar area to the 
lower end of the common bile duct, and is closely related 
to bile duct stones, clonorchis, and cholangitis (1). Gener-
ally speaking, CC patients have no special symptoms in 
the early stage. As the disease progresses, they may expe-
rience jaundice, clay-like stools, dark urine, waist and ab-
domen pain, elevated body temperature, vomiting, loss of 
appetite, and weight loss (2,3). Currently, the most effec-
tive clinical treatment for CC is surgical resection, which 
mainly includes radical surgery and palliative surgery. In 
addition, chemotherapy, radiotherapy, targeted therapy, 
and bile drainage can also be used to treat CC, but the 
effect needs to be improved (4). TACE is to connect a spe-
cial catheter and other equipment to the relevant part of the 
lesion through the blood vessel. Firstly, the contrast agent 
is injected for angiography to understand the anatomical 
changes and pathological changes in the lesion area, then 
a catheter is inserted into the blood vessel of the tumor, 
and the chemotherapeutics that can kill tumor cells and 
embolism that can block the blood supply of the tumor are 
injected to kill the tumor eventually (5,6). This interven-
tion is a kind of minimally invasive treatment without sur-

gery and general anesthesia, and the wound to the patient 
is only about 2 mm, which is suitable for most organ solid 
tumors (7). Therefore, TACE was adopted in this study for 
the interventional treatment of CC patients.

In addition, I-125 radioactive particles are also called 
particle knives. It is a new tumor method that complements 
the defects of surgery and radiotherapy and chemotherapy 
in the international medical community. It has small trau-
ma, accurate bullseye, low-dose continuous gamma radia-
tion irradiation, and no pollution (8). Radioactive implan-
tation of I-125 radioactive seeds belongs to the category 
of brachytherapy, and I-125 can be directly implanted into 
the tumor tissue under the image-guided percutaneous 
puncture to perform radiation therapy on the tumor (9,10). 
In recent years, nanotechnology has been widely used in 
the field of biomedicine. Nanomaterials themselves have 
relatively specific properties, including large specific sur-
face area, high surface catalytic activity, and surface modi-
fication, which can provide a good material basis for the 
construction of nano drug delivery systems (11,12). There 
are many kinds of commonly used nano-drug delivery sys-
tems, such as plastids, micelles, and carbon nanotubes, all 
of which have different degrees of drawbacks. For exam-
ple, the connection of liposome cargo molecules and nano-
carriers is non-specific, which greatly reduces the role of 
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drugs under physiological conditions (13). DNA tetrahe-
dron is a three-dimensional DNA nanostructure composed 
of four strands, and its tolerance to specific nucleases and 
non-specific nucleases is much better than that of ordinary 
linear DNA. Therefore, a DNA-loaded tetrahedral drug 
delivery system was constructed in this study for CC pa-
tient for treatment research (14).

In summary, the doxorubicin-loaded DNA nano-tet-
rahedrons were constructed using four DNA strands, the 
preparation protocol was optimized, and a toxicity ex-
periment was performed. Next, the construction nano-
tetrahedrons were applied to the clinical treatment of 255 
extrahepatic CC patients to comprehensively evaluate the 
application value of doxorubicin-loaded I-125 combined 
with TACE in improving the prognosis of CC patients.

Materials and Methods

Research objects and grouping
255 extrahepatic CC patients who were admitted to the 

Lishui People's Hospital from February 10, 2019 to May 
16, 2020 were selected as the research objects, including 
68 males and 46 females aged 20 - 71 years old. Accord-
ing to different treatment options, the patients were divid-
ed into a K1 group (doxorubicin-loaded I-125 + TACE), 
a K2 group (doxorubicin-loaded I-125), and a K3 group 
(TACE), with 85 cases in each group. The study had been 
approved by the Medical Ethics Committee of Lishui Peo-
ple's Hospital, and the patients and their families under-
stood the situation of the study and signed the informed 
consent forms.

The inclusion criteria were defined as follows: patients 
diagnosed with CC; patients who did not undergo surgery, 
radiotherapy, or chemotherapy during treatment and fol-
low-up; patients who had understood the experiment and 
signed the informed consent; and patients with complete 
basic data and imaging data.

The exclusion criteria were defined as follows: patients 
with intrahepatic tumors; patients with psychiatric diseas-
es; patients who were not reviewed in our hospital after 
treatment; patients who withdrew from the experiment due 
to personal reasons; and patients who refused surgery.

Construction and optimization of DNA nano-tetrahe-
dral drug delivery system

The specific steps were as follows. The four DNA 
strands were separated into equimolar and placed in a 
mixed buffer of 10 mmol of Tris and 1 mmol of ethylene-
diaminetetraacetic acid (EDTA), which was allowed to re-
act at 95°C for 3 minutes. Then, it was cooled in ice water 
to obtain DNA Nano-tetrahedron, which was mixed with 
doxorubicin. The mixed solution was incubated in the dark 
at room temperature and centrifuged at 10,000 rpm for 8 
minutes to obtain the supernatant and dark red precipitate. 
The supernatant was adopted to measure the concentration 
of doxorubicin, and the dark red precipitate was prepared 
into a 100 µmol of stock solution using 10 mmol of Tris 
and 1 mmol of EDTA.

The optimization experiment was performed with the 
following procedures. The DNA nanotetrahedrons and 
different concentrations (10, 50, 100, 150, and 200 µmol) 
of doxorubicin were mixed to react, and centrifuged at 
10,000 rpm for 20 minutes. Calculating the concentration 
of doxorubicin in the supernatant can obtain the actual 

concentration of doxorubicin loaded in the DNA tetrahe-
dron. The DNA nanotetrahedron was mixed with adria-
mycin. The concentrations of adriamycin under different 
reaction times (1, 3, 5, 7, and 9 hours) were calculated to 
obtain the best reaction time.

Characteristics of DNA nano-tetrahedron
The Methyl Thiazolyl Tetrazolium (MTT) was used 

to detect the cytotoxicity of drug-loaded DNA nano-tet-
rahedrons to QBC939, RBE, and FRH-0201 of CC. The 
cells were inoculated in a 96-well plate, and different con-
centrations of doxorubicin and drug-loaded DNA nano-
tetrahedrons (2, 4, 6, 8, and 10 µmol) were administrated 
when the cells grew to about 85. Then, the MTT solution 
was added at the 4th, 8th, 16th, 32nd, and 48th hour after 
the culture, and the formazan crystals were treated with 
dimethyl sulfoxide (DMSO) after 1 hour of reaction. The 
optical density (OD) was measured at 520 nm, and the cell 
survival rate was calculated.

TACE
The specific steps were as follows. The patient was 

placed in a supine position before treatment, treated with 
a conventional electrocardiograph (ECG) monitoring and 
oxygen inhalation, and sterilized on both sides of the groin. 
After the patient was anesthetized with 2% lidocaine lo-
cally, the 5F sheath was inserted with the Seldinger modi-
fied surgery, and then a 0.035-inch hydrophilic membrane 
guide wire was connected from the sheath to show the he-
patic artery trend. The diluted chemotherapy drug was in-
fused in the tumor blood vessel through the catheter. After 
the embolization was completed, the catheter and sheath 
were removed, the puncture point was compressed to stop 
the bleeding, and the wound was wrapped locally. The pa-
tient was required to stay in bed for at least 5 hours.

Biliary tract implantation based on I-125 radioactive 
particle stent loaded with nano-tetrahedral drugs

Before surgery, the number of particles needed should 
be evaluated based on the imaging data of the patient. The 
specific steps were as follows. The patient was required to 
lie supine on the operating table and locally anesthetized 
with 2% lidocaine. The puncture needle was inserted into 
the liver, and the occipital needle core was taken out. The 
contrast agent was injected into the bile duct for visual-
ization with a syringe. The guide wire was fixed, and the 
puncture needle was taken out. The patient was incised a 5 
cm opening for cholangiography. The guide wire was in-
serted into the 9F sheath and then sent to the biliary biopsy 
forceps through the sheath, so as to take several pieces of 
affected tissue in the narrowed bile duct. Then, the color 
monitoring catheter in the biliary puncture suit was sealed 
at the distal end, and the I-125 particle stent was sequen-
tially inserted from the proximal end of the catheter with 
forceps. The particle chain stent was inserted into the bili-
ary drainage tube through the guide wire and externally 
fixed with the biliary drainage tube.

Observation indicators
The TBIL, ALP, albumin (Alb), and liver function 

Child-Pugh scores of the patients in each group were re-
corded before the surgery (0 days), 7, 14, 21, and 30 days 
after the surgery. The long-term follow-up of patients was 
performed to record their five-year survival rate. The cell 
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the concentration of doxorubicin or drug-loaded DNA 
nano-tetrahedron. The cell survival rate decreased slowly 
when the concentration was 2, 4, 6, and 8 µmol, which 
had dropped to about 50% at 10 µmol, and had dropped 
below 35% at 12 µmol. Therefore, it was obtained that at 

survival rate of CC cell lines QBC939, RBE, and FRH-
0201 were measured and recorded at different concentra-
tions of doxorubicin and DNA nano-drug-loaded tetrahe-
drons and at different reaction times.

Statistical methods
The data processing was analyzed by SPSS19.0 ver-

sion statistical software. The measurement data were ex-
pressed as mean ± standard deviation (x ± s), and the count 
data was given as a percentage (%). The indicators were 
compared pairwise with the one-way analysis of variance. 
The difference was statistically significant at P< 0.05.

Results

Optimization results of DNA nano-tetrahedral drug 
delivery system

Figure 1 shows the concentration of DNA tetrahedral 
at different initial concentrations of doxorubicin. It illus-
trated that the concentration of doxorubicin in the DNA 
nano-tetrahedron increased with the initial concentration 
of doxorubicin, and it tended to be stable at 150, 200, and 
250 mol. Thus, the best initial concentration of doxorubi-
cin could be determined as 200 µmol.

Figure 2 shows the concentration of DNA tetrahedral 
at different reaction times. It revealed that the amount 
of doxorubicin loaded in the DNA nano-tetrahedrons in-
creased with the initial concentration of doxorubicin, but 
the increasing amount was lower at the 5th, 7th, and 9th 
hour and tended to be stable. Thus, it was obtained that the 
optimal reaction time should be 7 hours.

Cytotoxicity test results
Figure 3 shows the comparison of cell survival rates 

under different incubation times. It disclosed that the 
cell survival rates of the QBC939, RBE, and FRH-0201 
showed downward trends with the extension of the incu-
bation time. The cell survival rate at the 0th, 4th, 8th, and 
16th hour decreased slowly, while that at the 32nd hour 
had dropped to about 50%, and it in the 48th hour had 
dropped to less than 30%. Therefore, after 16 hours of 
reaction, the toxicity of drug-loaded DNA nano-tetrahe-
drons to CC cells was greatly increased. 

The comparison of cell survival rates at different 
concentrations was given in Figure 4 below. It indicated 
that the cell survival rate of QBC939, RBE, and FRH-
0201 all showed a downward trend with the increase of 

Figure 4. The comparison of cell survival rates at different concentra-
tions. (QBC939(1), RBE(1), and FRH-0201(1) were the doxorubicin 
administration; while QBC939(2), RBE(2), and FRH-0201(2) were 
the drug-load nano-tetrahedron administration).

Figure 1. The concentration of DNA tetrahedral at different initial 
concentrations of doxorubicin.

Figure 2. The concentration of DNA tetrahedral at different reaction 
times.

Figure 3. The comparison of cell survival rates under different incu-
bation times. (QBC939(1), RBE(1), and FRH-0201(1) were the doxo-
rubicin administration; while QBC939(2), RBE(2), and FRH-0201(2) 
were the drug-load nano-tetrahedron administration).
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8 µmol of doxorubicin or drug-loaded DNA nano-tetrahe-
dron showed less toxicity to CC cells.

Changes in TBIL and ALP levels of the three groups of 
patients before and after surgery

Figure 5 illustrates the changes in TBIL levels before 
and after the surgery in the three groups of patients. The 
preoperative TBIL and ALP levels of the three groups of 
patients were not statistically meaningful (P> 0.05); and 
the TBIL and ALP levels in the K1 group were greatly 
lower in contrast to the K2 and K3 groups in the 7th, 14th, 
21st, and 30th days after surgery showing great differences 
(P< 0.05).

Figure 6 displayed the changes in ALP levels before 
and after the surgery of the three groups of patients. It 
illustrated that the preoperative ALP levels of the three 
groups of patients showed the trend of first decreasing and 
then increasing over time. The ALP level of patients in the 
K1 group was much lower than that of the patients in the 
K2 and K3 groups on the 7th, 14th, and 21st days after the 
surgery, showing meaningful differences (P< 0.05); and 
the ALP levels of the patients in the K1 group on the 0th 
and 30th day after the surgery were similar those in K2 and 
K3 groups, without statistical differences (P> 0.05).

Changes in ALB levels and liver function Child-Pugh 
scores of the three groups of patients before and after 
the surgery

The changes in ALB levels and liver function Child-
Pugh scores of patients before and after the surgery were 
illustrated in Figure 7 and Figure 8, respectively. They 
revealed that the preoperative ALB level and the liver 
function Child-Pugh score of patients showed continuous 
decreasing trends over time in all groups; and those in the 
K1 group were not obviously different from those in the 
K2 and K3 groups on the 0th 7th, 14th, 21st, and 30th day 
after the surgery (P> 0.05).

Comparison of the 5-year survival rate of the three 
groups of patients

Figure 9 shows the comparison of the 5-year survival 
curves of the three groups of patients. The five-year sur-
vival rate of patients in the K1, K2, and K3 groups was 
36.15 ±3.85%, 14.65 ±5.02%, and 16.78 ±4.31%, respec-

tively, which indicated that the five-year survival rate of 
patients in group K1 was obviously higher than that of 
patients in group K2 and K3, with observable differences 
in statistics (P< 0.05).

Figure 6. The changes in ALP levels before and after the surgery in 
the three groups of patients. Note: * indicated that the difference was 
remarkable in contrast to the K1 group (P< 0.05).

Figure 7. The changes in ALB levels before and after the surgery in 
the three groups of patients.

Figure 8. The changes in liver function Child-Pugh scores of patients 
before and after the surgery.

Figure 5. The changes in TBIL levels before and after the surgery in 
the three groups of patients. Note: * indicated that the difference was 
remarkable in contrast to K1 group (P < 0.05).
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Discussion

As a relatively rare malignant tumor, extrahepatic CC 
has the characteristics of insidious onset, unobvious early 
symptoms, rapid progress, and poor prognosis of treat-
ment. Therefore, most patients are already in the middle 
and late stages of the disease at the time of diagnosis, and 
the surgical treatment rate is decreased greatly (15). In re-
cent years, the rapid development of nanotechnology has 
provided a more effective approach to the field of tumor 
diagnosis and treatment. Among them, the construction of 
nano-drug delivery systems has always been a key topic of 
research by scholars. It has great potential and can allow 
many drugs to target tumors in the body. The focus part 
can effectively treat tumor diseases. In addition, the de-
velopment of structural DNA nanotechnology has enabled 
DNA to develop from traditional genetic material into a 
new type of material. Due to its good programmability 
and predictability, it has become one of the most prom-
ising nano-carriers (16). In this study, four DNA strands 
were adopted to construct the doxorubicin-loaded DNA 
nano-tetrahedrons. The preparation optimization and tox-
icity analysis revealed that the optimal initial concentra-
tion of doxorubicin-loaded DNA nano-tetrahedrons can 
be 200 µmol, and the optimal reaction time should be 7 
hours. The cell survival rate of QBC939, RBE, and FRH-
0201 decreased slowly at the 0th, 4th, 8th, and 16th hour, 
had dropped below 30% at the 48th hour. Such results were 
similar to the results of Aliberti (2017) (17), indicating that 
the optimal incubation time used in the experiment should 
be 16 hours. The cell survival rate of QBC939, RBE, and 
FRH-0201 decreased slowly at 2, 4, 6, and 8 µmol, while 
the cell survival rate at 10 µmol had dropped to about 50%. 
It can be seen that 8 μmol doxorubicin or DNA nano-tetra-
hedron was the best concentration for the experiment (18).

The doxorubicin-loaded DNA nano-tetrahedrons were 
applied to the clinical treatment of 255 extrahepatic CC 
patients. The results showed that the TBIL levels of pa-
tients in the K1 group were much lower than those in the 
K2 and K3 groups at the 7th, 14th, 21st, and 30th day after 
the surgery (P< 0.05), which indicated that doxorubicin-
loaded I-125 stent combined with TACE could reduce the 
TBIL level of the patient more effectively than a single 
treatment. The preoperative ALP levels of the three groups 
of patients showed the trends of the first decrease and then 
increase over time, and the ALP levels of patients in the 
K1 group were greatly lower in contrast to those in the K2 

and K3 groups at the 7th, 14th, and 21st day after surgery 
(P< 0.05). Such results were different from the findings 
of Wang et al. (2020) (19), which may be due to the in-
consistent time standard for drainage tube removal for the 
patient, which reduced the effect of stent combined with a 
drainage tube to a certain extent (20). It was found that the 
five-year survival rate of the K1 group was visibly high-
er in contrast to that of the K2 and K3 groups (P< 0.05), 
which indicated that the doxorubicin-loaded I-125 stent 
combined with TACE could effectively improve the five-
year survival rate of patients and improve the prognosis.

The four DNA strands were applied to construct the 
doxorubicin-loaded DNA nano-tetrahedrons, the prepa-
ration protocol was optimized, and toxicity experiments 
were carried out. The prepared doxorubicin-loaded DNA 
nano-tetrahedrons were applied to the clinical treatment of 
255 extrahepatic CC patients. The results showed that the 
optimal initial concentration of doxorubicin-loaded DNA 
nano-tetrahedrons for preparation of doxorubicin-loaded 
DNA nano-tetrahedrons could be 200 µmol, and the op-
timal reaction time could be 7 hours. The doxorubicin-
loaded I-125 stent combined with TACE could effectively 
improve the five-year survival rate of patients and improve 
the prognosis. However, the sample size selected was too 
small to make statistics on subsequent anti-tumor treat-
ment methods, CC classification, and other data. In the 
follow-up, it will consider increasing the sample size of 
patients and further analyze the factors affecting the effect 
of doxorubicin-loaded I-125 stent combined with TACE 
treatment. In conclusion, the results of this study could 
provide a theoretical basis for nano-drug therapy for CC 
patients.
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