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Fusion protein tTF-EG3287 induces occlusion of tumor vessels and impairs 
tumor growth in human colon cancer 
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The problems including narrow indications, low drug loading, and difficulty in intervention severely affect the clinical 
efficacy of anti-tumor embolization. Here, we designed a novel tTF-EG3287 protein consisting of the truncated tissue 
factor (tTF) fused with the bicyclic polypeptide which was encoded by exons 7 and 8 for accurate localization in the tumor 
vascular endothelial cells (EG3287). This study aims to explore its anti-cancer effect. Gene sequencing was used to verify 
the fusion gene and SDS-PAGE gel to confirm the optimal induction time and concentration of tTF-EG3287. Nickel affinity 
chromatography column was used to purify the fusion protein. Confocal microscopy was used to assess the target activity 
of tTF-EG3287 on colon cancer cells in vitro. Thrombelastography assay was used to identify the pro-coagulant activity of 
tTF-EG3287. In in vivo experiments, the specific localization of tTF-EG3287 in tumor tissues and the effect of tTF-EG3287 
on tumor thrombosis were further detected by in vivo imaging and HE staining, respectively. The tTF-EG3287 fusion protein 
was efficiently purified by nickel-affinity chromatography column. Moreover, tTF-EG3287 fusion protein showed strong 
coagulation a ctivity and specific binding ability to the cell surface of colon cancer. In vivo, tTF-EG3287 stably and persistently 
accumulated in tumor tissues, and specifically induced mixed thrombus formation in tumor vessels, and then impaired tumor 
growth (tumor inhibition rate=79.2%, p<0.01). Our data prove that the fusion protein tTF-EG3287 could be used as a novel 
and promising anti-cancer strategy and has great potential value for clinical applications.
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As one of the most frequently diagnosed malignant 
diseases, colon cancer presents a rising trend in the morbidity 
and mortality [1–3]. It is estimated that there are about 
1,020,000 newly diagnosed patients in the world every year. 
Surgical treatment is the preferred treatment for patients 
with early colon cancer [4]. But for patients with non-resect-
able metastatic colorectal cancer (mCRC), chemotherapy is 
the main treatment option [5]. Recently, the emergence of 
targeted drugs has significantly improved the colon cancer 
treatment [6]. The combination of targeted drugs with 
chemotherapeutic drugs significantly increases the thera-
peutic effect and has a good tolerance in the colon cancer 
treatment [7]. Therefore, it is of great importance to explore 
new targeted drugs in the therapy of colon cancer.

The growth and metastasis of tumor cells is closely 
related to tumor angiogenesis [8]. Many reports have shown 
that anti-angiogenesis drugs including bevacizumab and 
cetuximab which target VEGF or its receptors significantly 

increase the overall survival (OS) of mCRC [9, 10]. The tTF 
is extracellular region of the TF. Reports have demonstrated 
that tTF can combine with FVII and activate factor X (FX) 
and activate the extrinsic coagulation pathway [11, 12]. 
Kessler, et al. has proven that the fusion of integrin α5β1 with 
tTF could induce embolization of the tumor blood vessel 
in adenocarcinoma, melanoma and fibrosarcoma, thereby 
suppressing the tumor growth [13]. The tTF-NGR designed 
by Christian, et al. reduced the growth of fibrosarcoma trans-
planted tumors [14]. As an effector molecule targeting tumor 
vascular embolism, we need to explore tTF-related targeted 
drugs for colon cancer treatment. Neuropilin-1 (NRP-1) is 
closely related to the growth of axons, angiogenesis and tumor 
metastasis, and also widely expressed in glioma, pancreatic 
cancer, colon cancer and other solid tumors [15–17]. To 
determine the role of NRP1 in biological functions, Jia et al. 
has designed the EG3287 polypeptide which is the binding 
site of VEGF165 and NRP1. EG3287 can inhibit the cross-
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linking of VEGF165 and KDR when co-expressed with 
NRP1 in human umbilical vein endothelial cells, thereby 
having anti-tumor effect [18].

In this study, we optimized induction condition and 
increased the amount of tTF-EG3287 expression. Besides, 
the pro-coagulant activity of tTF-EG3287 and its localiza-
tion in cells/tissues were detected. Moreover, the effect of 
tTF-EG3287 on tumor growth was also explored in vivo 
experiments. These data provide evidence that tTF-EG3287 
could be used as a novel drug targeting vascular emboliza-
tion in colon cancer.

Materials and methods

Recombinant plasmids. The tTF-EG3287 recombinant 
vectors were constructed and preserved by Cancer Research 
Center of Medical School, Xiamen University.

Cell culture. Human colon cancer cell lines (HT29 and 
HUVEC) were purchased from American Type Culture 
Collection (USA) and cultured in DMEM (Invitrogen-Life 
technologies, USA) supplemented with 10% fetal bovine 
serum (FBS, Sigma-Aldrich, Germany). All cells were 
maintained in a humidified atmosphere at 37 °C with 5% CO2.

Confocal microscopy. The tTF-EG3287 and tTF fusion 
proteins were labeled with Rhodamine B isothiocyanate 
(RBITC). For immunofluorescence assay, the HT29 and 
HUVEC cells (1×105 cells/ml) were seeded into a 6-well-
plate with glass coverslips and maintained in a humidified 
atmosphere at 37 °C with 5% CO2 until the cells reached 
50–60% confluence. The supernatant was removed and 
the coverslips were washed three times with PBS (pH 7.4). 
Afterwards, 2 ml 4% paraformaldehyde was added to cells 
for fixation. Then the RBITC-labeled tTF-EG3287 and tTF 
(20 μg) were added to the cells, respectively. After 1 h the 
cells were washed twice with PBS and then incubated with 
Hoechst 33258. Images were analyzed with the laser scanning 
confocal microscope (LEICA, Germany).

The expression and purification of fusion protein. The 
highest producing clones containing tTF-EG3287 pET32b 
(+) recombinant plasmid were selected and then cultured in 
Luria-Bertain medium (OXID, UK) with a final concentra-
tion of 50 μg/ml ampicillin (Shenggong, China) for amplifi-
cation culture. The optimal concentration of isopropylthio-β-
D-galactoside (IPTG, Sigma, USA) inducer was added when 
the OD600 value reached about 0.6~0.8, and the tTF-EG3287 
fusion protein was efficiently expressed in the optimal induc-
tion time.

For the purification of fusion protein, the bacteria were 
harvested by centrifuging at 13 800 × g for 15 min at 4 °C and 
homogenized by sonicating in an ice bath. The lysate was 
then centrifuged at 13 800 × g for 30 min at 4 °C to obtain 
the precipitate. Then, the precipitate was incubated in the 
solution containing 2.5% inclusion body overnight at 4 °C 
for dissolution and the suspension was obtained after centri-
fuging at 13 800 × g for 30 min at 4 °C. The supernatant was 

filtered through a 0.22 μm filter and the fusion proteins were 
purified and refolded by a Nickel affinity chromatography 
column (HuiTan Bio, China) according to the manufactur-
er’s instructions. To renature the fusion protein, the suspen-
sion was firstly dialyzed in renaturation buffer containing 
urea concentration gradient (6 M, 4 M, 2 M, 1 M) which was 
changed every 8 h, and finally in 0.01 M urea in PBS pH 8.0 
buffer for 24 h to remove the salt. The fusion protein was 
condensed by centrifugation at 5 000 × g for 60 min with the 
use of Amicon® Ultra ultrafiltration centrifuge tube. Finally, 
the fusion protein was analyzed under denaturation condi-
tions on SDS-PAGE.

Trombelastography assay. Thrombelastography (also 
known as TEG), which was invented by the German Hartert in 
1948, is a method to detect whether the whole blood samples 
have a normal coagulation function by analyzing physical 
characteristics of blood clots. All TEG parameters were 
recorded from standard tracings: reaction time (R, minutes), 
alpha angle (angle, degrees), coagulation time (K, min), 
maximum amplitude (MA, mm). Using this method, 300 μl of 
bloods containing 3.8% sodium citrate (volume ratio 1:9) were 
added into 20 μl of tTF or tTF-EG3287 (which had the same 
concentration as tTF) and 20 μl of 12.5 mM CaCl2 solution. 
Blood with added PBS only were used as the blank control.

Establishment of tumor transplantation model for 
colon cancer. All BALB/c nude mice (6-week-old, female) 
used in this study were obtained from the Animal Center of 
Xiamen University (Xiamen, China) and were approved by 
the Ethics Committee of Xiamen University. Briefly, the left 
and right armpits of nude mice were inoculated with 2x106 
HT29 cells. When the tumors reached 120 mm3 volume, they 
were peeled off, cut approximately into 4–8 mm3 pieces and 
subcutaneously implanted into the right upper limb of nude 
mice. Tumor growth was observed every 3 days.

Method of administration. Fifteen nude mice with 
successful subcutaneous transplant were randomly divided 
into 3 groups: saline group (n=5), tTF-EG3287 group (n=5) 
and tTF group (n=5). A 50 mg/mouse dose of tTF-EG3287 or 
tTF was injected into the mice via the tail vein, while saline 
was used as a negative control. The body weight and tumor 
size were recorded after each administration. The calcula-
tion formula for tumor volume was: V=(width × length)2⁄2. 
After 27 days, the nude mice were euthanized, and the 
tumors were weighed. Tumor suppressor rate (TGI) which 
was used to evaluate the inhibitory effect of drugs on tumor 
growth in vivo was calculated using the following formula: 
TGI=(1 – tumor weight in treatment group/tumor weight in 
control group) × 100. In this study, saline group was used as 
the control group, while tTF-EG3287 and tTF group were the 
experimental groups.

In vivo imaging of nude mice with tumor transplan-
tation for colon cancer. The concentration of thrombin 
tTF-EG3287 and tTF was prepared in 1 mg/ml concentra-
tion, while fluorescent Cy5.5-labeled proteins were dissolved 
in DMSO to prepare a solution with concentration of 
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1×104 mg/ml. Then, the two coagulant protein solutions were 
mixed with the same volume of Cy5.5 solution and firstly 
placed at 37 °C constant temperature incubator for lightproof 
reaction for 2 h, and then moved to 4 °C for overnight. After-
wards, the proteins tTF-EG3287 and tTF labeled by Cy5.5 
were collected by centrifuging at 17 250 × g for 5 min. For in 
vivo imaging, six nude mice with successful subcutaneous 
transplants were randomly divided into 3 groups: saline 
group (n=2), tTF-EG3287 group (n=2) and tTF group (n=2). 
The nude mice in saline group received 100 μl free Cy5.5 
via tail vein injection, while the other two groups received 
100 μl of tTF-EG3287 and tTF labeled by Cy5.5. The enrich-
ment of fluorescence labeled with tTF-EG3287 and tTF in 
nude mice and subcutaneous tumors was observed through 
in vivo imaging within 24 h after drug administration, the 
blank nude mice were considered as the background control. 
Then the mice were euthanized and the brain, heart, liver, 
spleen, lungs and kidney of nude mice were extracted for 
further organ imaging.

H&E staining. To explore the changes of blood vessel 
thrombus in tumor and normal tissues obtained from 
tTF-EG3287 group and tTF group, tissues were cut into 
1 cm × 1 cm × 0.2 cm sections and stained with Hematoxylin-
Eosin (H&E, Beyotime Institute of Biotechnolgy, China) 
according to the manufacturer’s instructions. The HE stained 
sections were photographed under a conventional optical 
microscope.

Statistics. All experiments were repeated at least three 
times. SPSS19.0 statistical software was used for data analysis. 
Data were presented as the mean ± SD. A p<0.05 was consid-
ered statistically significant.

Results

Expression and Purification of tTF-EG3287. We firstly 
used gene sequencing method to ensure the accuracy of 
tTF-EG3287 recombinant gene sequence (Figures 1A 
and 1B). SDS-PAGE analysis was used to confirm that the 

Figure 1. Expression and purification of tTF-EG3287. A) Results of tTF-EG3287 gene sequencing analysis and comparison. B) Part sequencing analysis 
of tTF-EG3287 recombinant gene. C) Analysis of tTF-EG3287 eluting product by SDS-PAGE. Lane 1, molecular weight markers; Lane 2, total protein 
from E. coli without induction; Lanes 3–4, Flow-through liquid; Lanes 5–12, Eluting products from Ni-6FF(TED) column.
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stronger pro-coagulation effect than tTF protein at the same 
concentration. Meanwhile, the pro-coagulant effect of these 
two proteins was enhanced by increasing the concentration.

Target activity of tTF-EG3287 on colon cancer cells in 
vitro. Studies have shown that NRP1 is highly expressed in 
HT29 and HUVEC cells [19, 20]. Meanwhile, EG3287 can 
competitively bind to NRP1 without activating the intracel-
lular downstream signaling pathway [18]. To further explore 
the target activity of fusion protein on colon cancer cells, 
HT29 cells and HUVEC cells were incubated with RBITC-
labeled tTF-EG3287 or tTF, and the binding of tTF-EG3287 
or tTF to colon cancer cells was further detected via using the 
laser scanning confocal microscopy. As shown in Figure 3, 
there was a strong fluorescence on the membranes and 
cytoplasms of HT29 and HUVECs treated with tTF-EG3287, 
but bare fluorescence signal was found on tTF-RBITC-treated 
cells. These results demonstrate that the tTF-EG3287 might 
specifically bind to the membrane and further get inside the 
colon cancer cells, thereby showing anti-tumor effect.

In vivo distribution of tTF-EG3287. To test the biolog-
ical distribution of drugs in tumor-bearing nude mice, the 
fusion protein tTF-EG3287 and tTF were labeled with Cy5.5 
fluorescent dye and injected through tail vein into nude 

optimal induction time was from 7 to 9 h and the optimal 
induction concentration was 0.4 mM via detecting the 
protein levels of tTF-EG3287 which were induced by IPTG 
at different concentrations and times (Figures S1 and S2). 
Then, the fusion protein of tTF-EG3287 was expressed by 
E.coli under optimal induction conditions. After purification 
by nickel column, the SDS-PAGE electrophoresis analysis of 
purified proteins showed that there was a single band with 
the expected size of approximately 35 kDa (Figure 1C). In 
addition, the final concentration of tTF-EG3287 protein was 
detected through comparative analysis of different concen-
trations of BSA and was 2.17 mg/ml (Figure S3). Moreover, a 
large number of truncated tissue factors (tTF) was obtained 
using the same method, providing sufficient material for the 
subsequent experiments.

Identification of tTF-EG3287 pro-coagulant activity. 
Thrombus elastography (CFMS) can continuously record the 
coagulation process of entire blood by measuring the elastic 
changes associated with fibrinogen polymerization and is 
currently used in standard coagulation tests. In our study, we 
found that the tTF-EG3287 and tTF showed similar ability 
in accelerating the pro-coagulation process when compared 
to the control group. However, tTF-EG3287 protein showed 

Figure 2. Identification of tTF-EG3287pro-coagulant activity. Evaluation clotting of tTF-EG3287 and tTF proteins by Thrombelastograph Test. A) The 
blood was treated with 20 μl PBS. B) The blood was added into 20 μl of 0.5 mg/ml tTF. C) The blood was treated with 20 μl of 1 mg/ml tTF. D) The blood 
was added into 20 μl of 0.5mg/ml tTF-EG3287. E) The blood was treated with 20 μl of 1 mg/ml tTF-EG3287.
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mice bearing colon carcinoma xenotransplants. As shown 
in Figure 4A, the tTF-EG3287 was gradually enriched in 
transplanted tumors and organs with abundant blood flow 
including livers, kidneys and lungs. The fluorescence inten-
sity reached the peak at 8 h and lasted for 24 h in tumors. 
Although the accumulation of tTF-EG3287 was highest in 
liver, the fluorescence faded after 9 h. The main reason was 
that liver was the main organ of drug metabolism, therefore 
the drug levels in liver increased at first, and then gradually 
decreased with drug metabolism. In kidney, the fluorescence 
intensity was lowest after 24 h due to continuous circulation 
and metabolism of drugs. However, the fluorescence inten-
sity in lung was not attenuated from 1 h to 24 h, which might 
be related to the drug toxicity. In the nude mice treated 
with tTF, the drug was distributed throughout the body 
with blood flow, but the fluorescence intensity disappeared 
almost completely after 10 h for the metabolism of liver and 
kidney. All these results demonstrate that free tTF had no 
obvious accumulation in tumors or other normal tissues 
and organs, but fusion protein tTF-EG3287 was stable and 

durable targeting the xenograft tumors of colon cancer in 
nude mice.

To further investigate the distribution and metabolism 
of fusion protein in nude mice in vivo, the brain, heart, 
liver, spleen, lungs, kidney and tumor of nude mice were 
extracted for further organ imaging. Results also proved that 
the tTF-EG3287 was mainly located in tumor tissues, but 
without accumulation in other normal tissues and organs 
(Figure 4B). However, there was little accumulation of tTF in 
all organs and tumors, further proving that tTF-EG3287 was 
more tumor-specific than tTF.

The inhibitory effect of tTF-EG3287 protein on the 
xenograft tumor growth. In order to assess the thera-
peutic effect of tTF-EG3287 on colon cancer, the nude mice 
bearing colon carcinoma xenotransplants were injected with 
tTF-EG3287 and tTF via tail vein. As shown in Figure 5A, 
the tumor size of the Saline group was similar to that of 
tTF group, while the tumor size of the tTF-EG3287 treated 
group was significantly reduced. We also proved that the 
growth rate of transplanted tumors in tTF-EG3287 treated 

Figure 3. Confocal immunofluorescent analysis of tTF and tTF-EG3287 localization in HT29 and HUVEC cells. HT29 an HUVEC cells were incubated 
with RBITC-labeled tTF-EG3287 and tTF (red) for 1 h, the cell nuclei were labeled with Hoechst 33258 (blue) (bar = 20 μm).
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Figure 4. In vivo distribution of tTF-EG3287. A) Fusion proteins tTF-EG3287 and tTF labeled with Cy5.5 fluorescent dye were injected into nude 
mice bearing colorectal carcinoma xenotransplants through tail vein. Selective accumulation of Cy5.5-labeled tTF-EG3287 and tTF in nude mice was 
explored by an in vivo imaging system after injection at 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 24 h. Arrows represent the transplanted tumors. B) Optical 
in vivo imaging in different organs using Cy5.5-labeled tTF and tTF-EG3287.

group was significantly inhibited when compared to the 
control group during continuous treatment between 12 and 
27 days. However, there was no significant difference in 
tumor volume between tTF treated group and control group 
(Figure 5B, p<0.01). We also demonstrated that tumors in 
tTF-EG3287 treated group were significantly smaller than in 

the control group after 27 days of treatment (Figure 5C). In 
addition, we also proved that the tumor inhibition rate of tTF 
was as high as 79.2% (Figure 5D, p<0.01). Therefore, fusion 
protein tTF-EG3287 had a significant anti-tumor effect, 
while protein tTF had no statistical significance in the treat-
ment of transplanted tumors.
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Effect of tTF-EG3287 on tumor thrombosis. Tumor 
thrombus formation capacity of tTF-EG3287 was tested in 
nude mice bearing colon carcinoma xenotransplants by 
H&E staining. After treatment with tTF-EG3287 or tTF for 
24 h, the thrombosis in the blood vessels of tumors treated 
with tTF-EG3287 was formed extensively, but not in those 
treated with tTF. However, we also found ischemic necrotic 
foci located in liver and lung treated with tTF-EG3287. In 
addition, there was no thrombosis in blood vessels of all 
organs extracted from nude mice after tTF treatment.

Discussion

At present, surgery and chemotherapy are main treatment 
modalities used in colon cancer patients. However, chemical 
drugs often cause damage to normal cells while killing the 
cancer cells [21]. Meanwhile, tumors can develop multidrug 
resistance to chemotherapeutic drugs through a variety of 
mechanisms [22]. Therefore, it is urgent to find a new way to 
treat colon cancer.

Tumor blood vessels are the basis of growth, invasion 
and metastasis of solid tumor [23]. Recently, many fusion 
proteins have been prepared by the combination of anti-
tumor vascular antibodies and tTF with specific transmission 
function of antibodies and potential coagulation function of 
tTF [24, 25]. Reports have shown that the specific tumor 
embolization effect of tTF fusion protein depends on the 
vector specificity and the expression and distribution of its 

antigen or receptor. NRP-1, as the co-receptor of VEGF165, 
is upregulated on the surface of tumor neovascularization 
endothelial cells and rarely expressed in normal tissues [26, 
27]. Therefore, EG3287, a short peptide that can specifically 
bind to NRP-1, was used as the carrier of tumor vascular 
targeted drugs in this study. In addition, although tTF retains 
the ability to activate FX, it is still significantly lower that of 
the complete trans-membrane TF [24, 25]. This is because 
the TF-VIIa complex requires a negatively charged phospho-
lipid membrane to effectively bind and activate FX. In this 
study, the EG3287 part of tTF-EG3287 fusion protein not 
only provided specific transfer function, but also played 
similar function as TF membrane structure after binding to 
the membrane receptor. Therefore, the exogenous coagula-
tion pathway was activated by tTF only when the EG3287 
part of the tTF-EG3287 fusion protein binds to the surface 
of tumor vascular cell membrane. Here, we proved that the 
fusion protein tTF-EG3287 mainly locates on the surface 
of colon cancer cells and tumor tissue vessels, indicating 
that tTF-EG3287 fusion protein not only retains part of the 
biological activity, but also specific bond to tumor vascular 
endothelial cells. Further histological analysis also revealed 
that large area of embolism was produced in tumor vessels 
treated with tTF-EG3287, but no thrombosis was found in 
the vessels of other normal tissues.

In vivo experiments showed that although the distribu-
tion of tTF-EG3287 in tumors was stable and durable, fusion 
protein tTF-EG3287 had obvious toxic side effects on lung 

Figure 5. Therapeutic potential of tTF-EG3287 fusion protein in vivo. Nude mice with successful subcutaneous transplant were injected with tTF-
EG3287 (n=5) and tTF (n=5) via tail vein. After 27 days, the anti-tumor effect of tTF-EG3287 was detected. A) The growth of xenografts in each group 
was observed after 27 days of administration. B) The growth curve of colorectal cancer xenografts in each group. C) Comparison of tumor volume and 
tumor suppressor rates in different groups. D) The tumor inhibition rate of tTF and tTF-EG3287. Statistical significance of differences was tested by 
the Mann-Whitney rank-sum test for independent groups. p<0.01 was considered significant.
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and liver. In lungs, due to dense capillary, large surface of 
endothelial cells and high relative concentration of drugs, 
the formation of micro-thrombus caused airway/blood flow 
exchange disorders and lung injury. In liver, hepatic sinus 
endothelial cell group with a slow blood flow is the center 
of substance exchange and drug metabolism, which might 
be the main factor for causing the toxic side effects in liver. 
Therefore, we need to further research the related mecha-
nisms and lessen the side effect.

In conclusion, we optimized the induction condition and 
increased the amount of tTF-EG3287 fusion protein. Besides, 
we proved that tTF-EG3287 showed a higher pro-coagulant 
activity than tTF, and tTF-EG3287 was mainly located on 
the membrane of colon cancer cells and distributed in tumor 
tissues. Moreover, we also proved the anti-tumor effect 
of tTF-EG3287 in the treatment of colon cancer through 
inducing tumor thrombosis. These data provide evidence 
that tTF-EG3287 could be used as a novel drug for vascular 
targeted embolization in colon cancer.

Supplementary information is available in the online version 
of the paper.
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Figure 6. Effect of tTF-EG3287 on tumor thrombosis. H&E staining of xenografts and organs of tTF or tTF-EG3287 treated HT29-bearing nude mice. 
Magnification: ×100. Arrow: mixed thrombus within the tumor.
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