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Optimal preservation condition for the extraction of cell-free DNA 
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Background: Patients with biliary tract cancer (BTC) often have dismal outcomes due to the poor 
performance of traditional methods for early diagnosis. Recently, bile cell-free DNA (cfDNA) has been 
reported as a potential liquid biopsy material for BTC diagnosis. However, bile is a complex alkaline aqueous 
medium, and the proper storage conditions for bile remain to be explored. The aim of this study is to explore 
the effects of storing bile under various conditions on the stability of bile cfDNA and to determine the 
optimal conditions, thereby establishing a foundation for the subsequent application of bile cfDNA in liquid 
biopsy for early diagnostic and prognosis monitoring of patients with malignant BTC.
Methods: We evaluated the storage temperature and storage time for the preservation of bile samples. Bile 
samples were collected in cfDNA tubes with protectant covered inside or regular tubes without, and the 
stability of bile cfDNA was analyzed during 10 days at room temperature (RT) or after 2 months of storage 
at low temperatures.
Results: Bile cfDNA remained stable for bile samples being collected with cfDNA tubes and stored for  
10 days at RT, while degraded with time for the case with regular tubes. When bile samples were collected 
with cfDNA tubes and stored for 2 months at 4 ℃, bile cfDNA remained stable, however, if collected with 
regular tubes, bile cfDNA exhibited a slight loss of integrity. No significant difference was observed for  
2 months storage at −20 or −80 ℃. 
Conclusions: Our findings suggested that for bile cfDNA research, bile samples should be collected with 
cfDNA tubes and it can be transported for short-term shipment at RT, and could be stored at 4 ℃ with 
cfDNA tubes, or frozen at −20 ℃ with regular tubes.
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Introduction

Biliary tract cancer (BTC), originating from the epithelium 
of biliary tract, is the second most common type of liver 
cancer after hepatocellular carcinoma, which is the third 
leading cause of cancer-related death globally, and accounts 
for 10–15% of all primary liver malignancies (1). BTC is 
considered a rare disease globally, but in some regions the 
incidence rate is relatively high, such as cholangiocarcinoma 
in South Korea, China and Thailand, and Gallbladder cancer 
in South America and Northern India (2-4). Given that 

BTC is usually asymptomatic at early stages, patients with 
BTC are often diagnosed at advanced disease stages, thereby 
missing the opportunity for radical surgery. Among patients 
who undergo surgery, more than half recover, but the overall 
5-year survival rate is less than 20% (5). Therefore, early 
diagnosis is vital to improve the prognosis of BTC patients.

The standard first-l ine treatment for advanced 
unresectable or metastatic BTC, based on clinical therapeutic 
strategies, involves the addition of immune checkpoint 
inhibitors to gemcitabine-cisplatin chemotherapy, while 
FOLFOX (consisting of oxaliplatin, leucovorin, irinotecan, 
and fluorouracil) should be considered as the second-line 
treatment standard for patients with BTC undergoing 
preoperative therapy (6-9). Furthermore, several studies 
have comprehensively summarized and elaborated on the 
emerging neoadjuvant and targeted therapeutic approaches 
specifically tailored for BTC (10,11).

Medical imaging, cytological examination, and serum 
biomarkers are often used to diagnose BTC. However, 
imaging has limited sensitivity or specificity because some 
BTCs show no peculiar characteristics. Percutaneous 
transhepatic cholangiography (PTC),  endoscopic 
retrograde cholangiopancreatography (ERCP), and biliary 
brush cytology have unmet sensitivity for BTC diagnosis. 
Serum biomarkers for BTC diagnosis, such as carbohydrate 
antigen 19-9 (CA19-9), are not specific biomarkers for 
BTCs, and they are influenced by physiological status, 
causing an inaccurate diagnosis in patients with BTC. 

To compensate for the shortcomings of traditional 
detection methods, liquid biopsies have been investigated. 
Blood, serving as the most frequently utilized bodily fluid 
in liquid biopsy, encapsulates a myriad of cellular elements, 
notably cell-free DNA (cfDNA) derived from cancer patients, 
which harbors invaluable information pertaining to tumor-
specific genetic and epigenetic alterations, thereby playing a 
pivotal role in facilitating early cancer diagnosis, monitoring 
the efficacy of therapeutic interventions, and elucidating the 
intricate mechanisms underlying drug resistance (12). In 
addition to plasma cfDNA, some studies have also suggested 
the value of bile in liquid biopsies for BTC diagnosis recently, 
considering that bile is secreted by liver cells, flows through 
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bile ducts, and is concentrated in the gallbladder, keeping 
direct contact with the biliary tract (13-16). Bile cfDNA have 
shown higher concordance with tumor tissues compared to 
plasma cfDNA, with a sensitivity of 94.7% and a specificity of 
99.9% in BTC patients, and more gene mutations could be 
detected in bile than in tumor tissues (17-19). Furthermore, 
bile cfDNA shows better performance than plasma cfDNA 
in detecting pancreatic duct adenocarcinoma (PDAC) (20). 
Therefore, bile may serve as a better source of liquid biopsies 
for investigating biliopancreatic cancers.

The premise of liquid biopsy relies heavily on stable 
preservation of biological fluid samples, therefore, reasonable 
preservation of body fluid samples is particularly important 
in translational medical research and clinical applications. 
Biological fluid sample preservation requires maintenance 
of sample quality, stability, integrity, and function (21). The 
major factors affecting sample preservation include the type 
of container material, container pretreatment, temperature of 
storage, and duration of storage (22). The storage condition 
must maintain the applicability of clinical biospecimens, 
ranging from macromolecules, such as cfDNA, to variable 
cells and their derivatives (23-25). Blood sample preservation 
methods have been widely studied (26,27), however, the 
optimal storage conditions for bile to avoid interference with 
subsequent experiments remain to be explored, especially 
when considering that different from plasma cfDNA of short 
fragments, bile cfDNA contains long DNA fragments and may 
have some special storage requirements (19,28). In this study, 
we investigated effects of different storage conditions, such 
as temperature, duration, and nucleic acid protectant, on bile 
cfDNA stability and determined suitable storage conditions for 
bile. Our findings will provide support for future applications 
of bile in liquid biopsy. We present this article in accordance 
with the MDAR reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-24-843/rc).

Methods

Study design

Temperature and time are two important factors in the 
storage of biomedical samples. Here, we investigated the 
effects of different time and temperatures on bile storage 
and searched for the optimal storage conditions. A total of 
8 patients with BTC were included in this study, numbered 
from Patient #1 to Patient #8. All of the patients originate 
from the Third Affiliated Hospital of Naval Medical 
University (Eastern Hepatobiliary Surgery Hospital). 

Specifically, the bile of Patient #1 was collected with 
regular tubes, while the bile of Patients #2 through #8 were 
collected in tubes covered with a protective agent. After 
centrifugation to remove cell debris and other sediments, 
the bile supernatant was divided into aliquots and subjected 
to the bile cfDNA extraction and cfDNA quality control 
procedures. To test the effect of storage durations (1, 4, 7, 
and 10 days), bile samples (Patient #1 to Patient #7) were 
placed at RT prior to bile cfDNA isolation. To test the 
effect of storage temperature, bile samples (Patient #1, #2, 
#4, #6, #8) were stored at different temperatures (4, −20, 
and −80 ℃) for 2 months before the stability of bile cfDNA 
was tested (Figure 1).

Bile sample preparation

Bile samples were collected using percutaneous transhepatic 
cholangial drainage (PTCD) prior to surgery or during 
surgery, in BEAVER cfDNA tubes with protectant (Beaver, 
Suzhou, China) or regular sample tubes without protectant 
(Axygen, Siliconvalley, US). The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Ethics Committee 
of the Third Affiliated Hospital of Naval Medical 
University (Eastern Hepatobiliary Surgery Hospital) (No. 
EHBHKY2022-K-004) and informed consent was obtained 
from all individual participants. After shipment within 24 h, 
bile samples were centrifuged at 1,600 g for 10 min at 4 ℃, 
and the supernatant underwent centrifuge at 16,000 g for 
15 min at 4 ℃. The supernatant was collected and mixed 
evenly, and then divided in 300 μL aliquots for subsequent 
experiments. 

Bile storage grouping

Bile samples were separated into two groups, with 
or without protectant, and each group was tested for 
effects of storage temperature and time. In the group 
without protectant, bile samples were collected in regular 
polypropylene centrifuge tubes (Axygen), while in the group 
with protectant, bile samples were collected in BEAVER 
cfDNA tubes (Beaver). After shipment within 24 h, bile 
samples were pretreated for further experiments. To test the 
effect of storage temperature, bile samples were stored at 4, 
−20, and −80 ℃ for 2 months prior to bile cfDNA isolation. 
To test the effect of storage time, bile samples were placed 
at room temperature (RT) for 1, 4, 7, and 10 days prior to 
bile cfDNA isolation.

https://tcr.amegroups.com/article/view/10.21037/tcr-24-843/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-24-843/rc
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Bile cfDNA extraction

Bile cfDNA extraction was performed in line with our 
previously established method (29). Briefly, bile samples 
were centrifuged at 16,000 g for 5 min at 4 ℃ after thawing. 
Then, the supernatant was added to 240 μL Buffer ACL 
(939017, Qiagen, Shanghai, China) and 1.68 μL Carrier 
RNA (1017647, Qiagen) and mixed, and 30 μL proteinase 
K (19133, Qiagen) was added. The mixture was incubated 
at 60 ℃ for 30 min, and then 540 μL Buffer ACB (1069275, 
Qiagen) was added and vortexed, followed by placing at 
it −20 ℃ for 5 min. Then, we added the mixture to the 
QIAquick column (28115, Qiagen) and incubated it for 5 min  
at RT. After incubation, it was centrifuged at 6,000 rpm  
for 1 min, and we discarded the flow-through. We filled 
the column with 500 μL buffer PE (19065, Qiagen) and 
centrifuged at 6,000 rpm for 1 min to wash the column 
twice. Then, it was centrifuged at 13,000 rpm for 1 min 

to remove any remaining liquid in the column. We added  
30 μL of elution buffer (19086, Qiagen) into the column and 
incubated for 3 min at RT, then centrifuged at 13,000 rpm 
for 1 min to elute and store cfDNA. 

Concentration measurement, purity test, and fragment 
distribution detection of bile cfDNA

A Qubit 3.0 fluorometer (Thermo Fisher, Massachusetts, 
USA), NanoDrop 2000 (Thermo Fisher), and Agilent 
2100 bioanalyzer (Agilent Technologies, California, USA) 
were used to detect the cfDNA concentration, purity, and 
fragment distribution of the bile cfDNA, respectively.

Statistical analysis 

Statistical analyses were performed with Graphpad Prism 
7, and unpaired Student’s t-tests or Mann-Whitney tests 
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were used for comparison of quantitative variables between 
groups. All the hypothesis tests were 2 sided, with P<0.05 
considered to be statistically significant.

Results

Bile cfDNA is less stable at RT

We first detected whether bile could be stored at RT for 
a short period. Bile samples that were collected in tubes 
without protectant were placed at RT for 1, 4, 7, and  
10 days before bile cfDNA isolation. We previously showed 
that long fragments of DNA are predominant in bile (19), 
which was confirmed in bile cfDNA on day 1 (Figure 2A). 
However, cfDNA fragments became shorter with placing 
bile samples at RT, as indicated by the more and more 

flattened peaks (Figure 2A) and the dispersion of DNA 
bands (Figure 2B). We also detected bile cfDNA in bile 
samples stored at RT for 2 months without protectant; 
cfDNA showed dispersed bands without enrichment of 
long DNA fragments (Figure S1A,S1B), indicating that 
cfDNA continued losing integrity when bile samples were 
stored at RT without protectant. The amount of extracted 
cfDNA per sample decreased over time; after 7 days at RT 
without protectant, approximately 25% of cfDNA in bile 
was lost (Figure 2C,2D), and 55% was lost after 2 months 
at RT (Figure S1C,S1D), but the purity of extracted 
cfDNA was not affected (Figure 2E). In addition, the 
fragment size analysis showed a significant increase in short 
cfDNA fragments (<376 bp) and decrease in long cfDNA 
fragments (>3,000 bp) during 10 days at RT (Figure 2F-2I),  
and the change was even greater during 2 months  
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Figure 2 Bile from Patient #1 was stored at RT without protectant at four different time points. (A) The fragment distribution of bile 
cfDNA detected by the Agilent 2100 bioanalyzer. (B) Electronic DNA bands generated by Agilent 2100 bioanalyzer according to cfDNA 
fragment sizes. (C) The amount of extracted bile cfDNA per 300 μL of bile aliquots measured by Qubit 3.0 fluorometer. (D) Percentage 
of changes in the amount of extracted bile cfDNA. (E) The value of A260/A280 of extracted bile cfDNA detected by Nanodrop 2000. 
Percentages of bile cfDNA fragments (F) <376 bp, (G) ≥376–<3,000 bp, and (H) ≥3,000 bp. (I) Bar plots showing percentage distribution of 
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(Figure S1E-S1H). These results indicated that when bile 
samples were collected without protectant and stored at RT, 
bile cfDNA degraded with time.

Protectant protects bile cfDNA from degradation at RT

We then tested whether bile cfDNA was stable in bile 
samples collected in tubes covered with protectant for 
storage up to 10 days at RT (Figure 3, Figure S2). In contrast 
to the storage at RT without protectant, the bile cfDNA 
fragment size distribution of bile stored with cfDNA tubes 
showed quite similar patterns across 10 days (Figure 3A,3B,  
Figure S2A,S2B), and there was no significant decrease 
in cfDNA amounts in each sample regardless of cfDNA 
contents (Figure 3C-3E, Figure S2C-S2F). The cfDNA 
purity was also stable during 10 days (Figure 3F). Taken 
together, tubes covered with protectant were beneficial to 

bile cfDNA stability, and bile samples could be stored with 
protectant for 10 days without worrying about cfDNA 
degradation, which is of great convenience for bile sample 
shipment.

Protectant protects bile cfDNA for 2 months

Biomedical samples are usually stored at low temperature 
for long periods of time, therefore, we also tested the 
effects of low storage temperature (4, −20, and −80 ℃) for 
a long storage period (2 months). Given that protectant 
is beneficial to bile cfDNA stability, bile samples were 
collected with cfDNA tubes, and then divided into aliquots 
for the following experiments. Compared to fresh bile 
samples, the fragment distributions of bile cfDNA of bile 
samples stored at 4, −20, and −80 ℃ for 2 months displayed 
similar patterns (Figure 4A,4B, Figure S3A,S3B). Neither 
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bile cfDNA contents in each sample nor cfDNA purity 
showed significant fluctuation during storage for 2 months 
(Figure 4C-4F, Figure S3C,S3D). In addition, bile samples 
without protectant contained cfDNA similar to fresh bile 
samples (Figure S4A-S4D); however, cfDNA showed 
slightly decreased integrity in bile samples stored at 4 ℃ for 
2 months without protectant (Figure S4E-S4H).

In conclusion, for short-term storage of bile samples 
at RT (within 10 days),  tubes with protectant are 
recommended to protect bile cfDNA from degradation 
and provide a convenient method to ship bile samples. For 
long-term storage (such as 2 months), bile samples collected 
in tubes with protectant could be stored at 4 ℃ without 
affecting bile cfDNA integrity, while bile samples collected 
in tubes without protectant should be stored below −20 ℃ 
to maintain cfDNA integrity. 

Discussion

Biological samples need to be stored properly; otherwise, 
the subsequent analysis would be inaccurate. In this study, 
we investigated the storage conditions for bile samples to 
preserve bile cfDNA. Bile is a unique body fluid secreted 
by the liver cells; it flows within the biliary tree, is stored 
in the gallbladder, and is discharged into the duodenum 
to facilitate digestion (30). Bile is exposed to the biliary 
epithelium all the time, which makes it an ideal biofluid for 
liquid biopsy in patients with biliary tract malignancies (31). 
In patients with obstructive jaundice, the accumulated bile 
is usually drained to prevent liver failure; however, it may 
contain a relatively high amount of tumor cell-originated 
molecules that may be used as biomarkers or therapeutic 
targets for hepatobiliary diseases (32-34). Bile can be 
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defined as a complex alkaline aqueous medium that contains 
most of the solutes found in blood and micelles formed 
by bile salts, electrolytes, phospholipids, cholesterol, bile 
pigments, and proteins (13,35). Therefore, to better seek 
the potential of bile as a new source of liquid biopsy, the 
proper storage conditions of bile need to be explored.

In addition to cells, cfDNA is also found in bile, and the 
sensitivity of cfDNA for the diagnosis of gallbladder cancer 
is higher than that of cytology (36). We have previously 
found that bile cfDNA shows high concordance with tumor 
tissue biopsies (19). Moreover, bile cfDNA outperforms 
plasma cfDNA in detecting BTCs (18), thus suggesting that 
bile cfDNA may be a powerful tool for liquid biopsy in bile. 
The exploration of bile cfDNA represents a major advance 
that not only elevates the sensitivity and specificity of BTCs 
diagnosis but also enables the identification of potentially 
mutated, druggable genes for targeted therapy, based on 
its rich tumor-specific information, while simultaneously 
facilitating the assessment of patient prognosis and the 
monitoring of treatment response (12,15,17-19). Despite its 
immense potential in BTC research, the detection sensitivity 
and accuracy of bile cfDNA may be compromised by factors 
such as patient status, bile composition, processing methods, 
and storage conditions, while the origin, release mechanisms, 
and functional mechanisms of bile cfDNA remain elusive. To 
overcome the mentioned drawbacks, there is an urgent need 
to optimize and standardize bile processing and storage to 
reduce interferences and ensure accurate detection results, 
while also delving deeper into the mechanistic role of bile 
cfDNA in BTC to provide a theoretical basis for clinical 
application, potentially improving diagnostic accuracy when 
combined with clinical serum markers. With the profound 
comprehension of bile cfDNA mechanisms, coupled with the 
prevalent adoption of advanced genetic testing technologies 
and the relentless progress in medical care, bile cfDNA 
is poised to occupy a pivotal position in BTC diagnosis, 
treatment strategy formulation, and prognostic assessment 
(14,37,38). Its anticipated expansion into broader medical 
areas will require continuous scrutiny, relentless refinement, 
and adaptation to ensure its sustained, robust, and healthy 
development within this dynamic field. In this study, we 
collected bile samples in protectant-free regular tubes and 
with cfDNA tubes with protectant to test the effect of storage 
conditions on bile cfDNA stability. 

The storage temperature and storage time have been 
found to significantly influence bile cell viability (39). 
CfDNA mainly originates from cell apoptosis and necrosis, 
which means that only a small proportion of cfDNA is real 

tumor cell-derived (40). The cfDNA tubes are designed 
to prevent cell lysis and to protect cfDNA from nuclease 
in blood samples, thereby protecting the integrity of the 
cfDNA population. We tested bile storage at RT for up to 
10 days, and we found that bile cfDNA was stable when bile 
samples were collected with cfDNA tubes and placed at RT 
for 10 days (Figure 3), but bile cfDNA degraded at RT in 
tubes without protectant (Figure 2). Hence, bile should be 
collected with cfDNA tubes for further investigation of bile 
cfDNA, in which scenario the shipment of bile samples at 
RT is also acceptable.

Storage temperature is another vital factor for bile sample 
preservation. We investigated the effects of storage at low 
temperatures for a long period (2 months) on bile cfDNA 
stability. For bile samples collected with cfDNA tubes, 
storage at 4 ℃ for 2 months did not affect bile cfDNA 
stability, and lower temperature (−20 or −80 ℃) preservation 
seems unnecessary (Figure 4). As for bile collected in tubes 
without protectant, low temperature storage seems to be a 
better choice for bile cfDNA preservation. Although it has 
been suggested to store bile samples at 4 ℃ rather than at 
RT (39), we observed slightly decreased integrity of bile 
cfDNA even in bile samples stored at 4 ℃ for 2 months 
with regular tubes. However, when frozen at −20 or −80 ℃  
for 2 months, bile cfDNA with regular tubes did not exhibit 
significant degradation or loss of integrity (Figure S4). Taken 
together, these results indicate that if collected with cfDNA 
tubes, bile samples could be stored at 4 ℃ without affecting 
bile cfDNA for further research, however, if collected in 
tubes without protectant, bile samples should be stored 
frozen, such as −20 or −80 ℃ for long-term preservation.

There are several limitations in this study. First, a larger 
sample size is needed to address the proper storage conditions 
more clearly. Bile samples included in this study were collected 
using different methods such as PTCD, ERCP, or during 
surgery, and they differed substantially in physiochemical 
properties. A larger sample size might clarify different storage 
conditions for different types of bile samples. Second, we 
estimated cfDNA contents and integrity under different 
storage conditions, but it remains to be explored whether the 
tumor-related genetic information carried by the bile cfDNA 
is affected by different storage conditions. Third, we do not 
have whole-genome sequencing data of bile cfDNA, so we 
cannot assess whether the mutation, copy number landscape 
and structural variation spectra under different storage 
conditions affect its consistency with tumor tissue, whether 
the efficiency of genetic testing of bile is different between 
different storage conditions. Fourth, we have no clinical data 
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such as drug information, progression-free survival, overall 
survival, immunohistochemistry of cellular-mesenchymal 
epithelial transition factor (c-MET), epidermal growth factor 
receptor (EGFR), human epidermal growth factor receptor 
2 (HER2), and serum carcinoembryonic antigen (CEA) and 
CA19-9, so we cannot provide references for targeted therapy 
and prognostic evaluation. Finally, bile contains various kinds 
of solutes that may be valuable in diagnosis or therapeutic 
target development, so the proper storage conditions need to 
be investigated for different constituents.

Conclusions

In this study, we explored the optimal storage conditions 
for the extraction of cfDNA from bile samples. The cfDNA 
tubes and the regular sample tubes without protectant inside 
were used to collect bile samples of patients with BTC, and 
the effects of storage temperature and storage time for the 
preservation of bile samples were evaluated. It was found 
that bile cfDNA degradated with time if bile samples were 
collected with regular tubes and stored at RT. CfDNA tubes 
prevented degradation of bile cfDNA and were convenient 
to transport at RT for 10 days. Bile samples collected with 
cfDNA tubes can be stored at 4 ℃ for 2 months without 
affecting the stability of bile cfDNA. When collecting with 
regular tubes, bile samples remained stable at −20 or −80 ℃. 
These results suggested that for bile cfDNA research, bile 
samples should be collected with cfDNA tubes for short-
term shipment at RT, and bile samples could be stored 
at 4 ℃ in cell-free tubes, or frozen at −20 ℃ with regular 
tubes. We proposed the optimal storage conditions of bile 
samples for the extraction of cfDNA from patients with 
BTC, providing insights into the feasibility of bile cfDNA 
in liquid biopsy.
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