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Abstract
Background: Acute pancreatitis is a common acute abdominal disease in clinical practice, the essence of which 

is the inflammatory reaction to the pancreas. Patients with rapid progression of the disease may have local or systemic 
inflammatory reaction. In this pathological process, the pancreatic duct mucosal barrier function is impaired. However, 
the specific mechanism is still unclear.

Methods: Naso-pancreatic tube drainage was performed in the early stage of severe acute pancreatitis, pancreatic 
juice was extrՠMÐրӀ၈x�to detect cells apoptosis. Fluorescence microscope was used to observe the occurrence of autophagy flux in 
pancreatic juice pathological microenvironment. After HPNE cells were treated with 3-Methyl Adenine (3-MA), and 
detected the expression of apoptotic proteins by Western blotting. HPNE cells were treated with p38 MAPK signaling 
pathway inhibitors (SB203580) for 4 hours, and then detected the expression of apoptosis and autophagy proteins by 
western blotting.

Results: The proliferation of HPNE cells was inhibited, and apoptosis of HPNE cells occurred in pancreatic juice 
pathological microenvironment. Besides, the pancreatic juice pathological microenvironment induced autophagy in 
HPNE cells. Interference with autophagy reduced the apoptosis of HPNE cells. Interference of p38 MAPK signaling 
pathway with SB203580 inhibited autophagy and reduced the apoptosis of HPNE cells. 

Conclusion: In the pancreatic juice microenvironment of severe acute pancreatitis, the activation of p38 MAPK 
signaling pathway induced excessive autophagy and apoptosis of HPNE cells, and inhibition of p38 MAPK signaling 
pathway reduced the apoptosis of HPNE cells.
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Introduction
Approximately 20% of patients with Acute Pancreatitis (AP) 

continue to worsen to Severe Acute Pancreatitis (SAP), resulting in 
mortality up to 20-30% [1]. HPNE cells and mucus secreted form the 
Pancreatic Ductal Mucosa Barrier (PDMB), which played an important 
role in the biological function of the pancreas by preventing bile and 
digestive enzymes from �owing back into the pancreatic parenchyma 
under normal physiological conditions [2]. During the occurrence 
and development of acute pancreatitis, the integrity of the pancreatic 
duct mucosal barrier is easily destroyed, resulting in pancreatic 
juice leakage, which can accelerate the deterioration of the disease. 
�erefore, it is urgent to clarify the regulatory mechanism of pancreatic 
duct mucosal barrier impaired in the pancreatic juice pathological 
microenvironment, so as to provide a theoretical basis for improving 
pancreatic duct permeability.

It has been reported that the pancreatic juice in the pancreatic duct 
carried a variety of in�ammatory factors a�ecting the entire pancreas, 
and the pancreatic juice microenvironment may be a reliable indicator 
to evaluate the degree of local pancreatic in�ammation [3]. �erefore, 
we speculate that the pancreatic juice pathological microenvironment 
during SAP may cause damage to HPNE cells. However, the 
mechanism of the damage is still unclear. �e purpose of this study was 
to explore the mechanism of HPNE cells damaged in the pancreatic 
juice pathological microenvironment pancreatic juice, and to provide 
a potential therapeutic target for the improvement of pancreatic duct 
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inhibition of excessive autophagy could reduce the severity of the 
disease [7], it is reported that inhibition of autophagy reduced apoptosis 
of the neurons. �erefore, we speculate that intervention of autophagy 
may be a potential therapeutic strategy for alleviating the apoptosis of 
HPNE cells.

Mitogen-Activated Protein Kinase (MAPK) is evolutionarily highly 
conserved and ubiquitous serine/threonine kinases in eukaryotes, 
consisting of conserved tertiary kinase cascades [8]. MAPK signaling 
pathway is closely related to autophagy triggered by many external 
factors and plays an important regulatory role in aging and apoptosis 
[9, 10]. Zhuoan Chen showed that inhibition of p38 MAPK signaling 
pathway reduced the risk of acute pancreatitis developing from local 
pathological changes to systemic in�ammatory response syndrome and 
multiple organ failure [11]. Si Dong Wei found that taurine reduced 
liver injury in SAP rats by inhibiting the p38 MAPK signaling pathway 
[12]. �erefore, we tried to inhibit p38 MAPK signaling pathway to 
detect the apoptosis of HPNE cells.

In this study, we found that HPNE cells existed apoptosis in the 
pancreatic juice pathological microenvironment, and inhibition of 
autophagy could reduce the occurrence of apoptosis.  It was con�rmed 
that the damage of pancreatic juice pathological microenvironment to 
HPNE cells may be realized through the p38 MAPK signaling pathway, 
we provided a potential therapeutic target for further understanding 
the mechanism of pancreatic duct mucosal barrier destruction and 
improving pancreatic duct permeability. 

Materials and Methods
Pancreatic juice was collected and pretreated

Patients with Acute Physiology and Chronic Health Score 
(APACHE-Ⅱ score) ≥ 8 were selected to be treated with naso-
pancreatic tube drainage in the early stage of acute pancreatitis, and 
pathological pancreatic juice in naso-pancreatic tube was collected 
within 24 hours a�er operation. �e collected pancreatic juice was 
centrifuged for supernatant collection and �ltered for sterilization. 
�e protein concentration of the treated pancreatic juice was detected 
by BCA protein quantitative kit, and stored at -80℃ for later use, the 
desired concentration of pancreatic juice was obtained by dilution with 
complete medium.

Cell culture

Human pancreatic duct epithelial cells line was purchased from 
Shanghai Cell Bank-ATCC cell Bank (Shanghai, China), and cultured 
in a 5% CO2 cell incubator at 37°C with 90% DMEM and 10% fetal 
bovine serum as medium (Procell).

Methods

�e logarithmic growth phase cells were inoculated into 6-well 
plate (104 cells/well), and cultured in the incubator for one day. On 
the second day, which was treated with di�erent concentrations of 
the pathological pancreatic juice for 24 hours, and the morphology 
of HPNE cells was observed under the microscope. Proliferation of 
HPNE cells was detected by CCK-8 and EDU. Western blotting was 
used to detect the expression of autophagy and apoptosis-related 
proteins, and �ow cytometry was used to detect apoptosis.  In addition, 
the autophagosome formation was observed under �uorescence 
microscope, a�er autophagy was intervened, detected the expression 
of apoptosis-related proteins and apoptosis of HPNE cells by �ow 
cytometry. p38 MAPK inhibitor was used to interfere with p38 MAPK 
signaling pathway and detected the expression of autophagy and 

apoptosis-related proteins, so as to determine the mechanism of HPNE 
cells apoptosis in pancreatic juice pathological microenvironment.

CCK8 assay
�e suspension of HPNE cells was planted in 96-well plate 

(1000 cells/well), with three wells for each group, and cultured 
overnight.  HPNE cells were treated with di�erent concentrations of 
the pathological pancreatic juice on the second day. A�er three days, 
CCK8 solution (10% CCK8+90% medium, AbMole Bio Science) was 
added to each well, then the 96-well plate were placed in a 5% CO2 
incubator and incubated at 37 for 2 hours.  �e absorbance value of 
each well at 450nm was measured with a microplate reader.

EDU assay

HPNE cells at the logarithmic growth stage were inoculated into 
24-well plate (2000 cells/well). Before inoculation, round glass sheets 
were tightly pasted in 24-well plate and cultured until normal growth 
stage. HPNE cells were treated with di�erent concentrations of the 
pathological pancreatic juice on the second day and EDU (Beyotime) 
assay was performed on the third day. EDU working solution 2X was 
con�gured, and 2X EDU working solution (20μM) preheated at 37°C 
was added to the 24-well plate in equal volume with the culture medium. 
�e �nal concentration of EDU in the 24-well plate was changed to 1X, 
and the cells were incubated for 2 hours. A�er that, the culture medium 
was removed and 4% paraformaldehyde was added, and �xed at room 
temperature for 15 minutes.  Removed �xative solution, added 200 μl 
washing solution to each well, washed the cells 3 times, 3-5 minutes 
every time.  Removed the washing solution, incubated with 200μl of 
permeable solution in each well for 10-15 minutes at room temperature, 
removed the permeable solution, added 200μl of washing solution in 
each well to wash the cells 2 times, 3-5minutes each time.  In order to 
inactivate the endogenous peroxidase, the slices were incubated with 
endogenous peroxidase blocking solution at room temperature for 20 
minutes under dark conditions.  �en washed with washing solution 
3 times. Finally, the round glass plate was taken out and placed on a 
gel drop slide to observe the proliferation of cells under a �uorescence 
microscope.

Assay of green fluorescent protein-LC3 Puncta

HPNE cells were transfected with mCherry-GFP-LC3 (Beyotime), 
the cells with stable expression of Green Fluorescent Protein (GFP-
LC3) in 24-well plate (1000 cells/well). One day later, pathological 
pancreatic juice was co-cultured with the cells. On the third day, the 
cells were �xed with 4% paraformaldehyde, and the distribution of 
GFP-LC3 spots in the cells was observed by �uorescence microscope 
(Olympus, Japan).

Flow cytometry analysis

Apoptosis was detected by �ow cytometry using FACSC ALIBUR 
cell analyzer (BD Biosciences) and Annexin V-PI (AV-PI) staining (BD 
556547 Annexin V-FITC/PI). HPNE cells were digested with trypsin 
without EDTA, and were washed with cold PBS two times during this 
procedure, followed by annexin-V-FITC (2μl) and PI (5μl) staining 
at room temperature for 15 minutes in darkness, followed by �ow 
cytometry to analyze apoptosis of the HPNE cells.

Western blotting

HPNE cells were washed with the cold PBS 3 times, RIPA lysis 
bu�er was added to HPNE cells on ice for 30 minutes, centrifuged at 
4°C for 5 minutes, total protein concentration was detected using a 
BCA kit (Key GEN Bio TECH, China), protein was mixed with sample 
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Pancreatic juice pathological microenvironment induced 
apoptosis of HPNE cells

�e HPNE cells were inoculated in 6-well plate, followed by adding 
di�erent concentrations of pancreatic juice on the second day. One day 
later, digested with trypsin without EDTA, and staining with apoptosis 
detection kit, and �nally analyzed by �ow cytometry. �e same steps, 
the HPNE cells were inoculated in 6-well plate, followed by adding 
di�erent concentrations of pancreatic juice on the second day. One day 
later, extracted the total proteins. A-B: apoptosis of cells was assessed by 
AV-PI staining assay. C-D: Pro�ling of apoptotic proteins expression. 
**: P < 0.01, vs the control group; *: P < 0.05, vs the control group.

In the process of SAP progression, pancreatic acinar cells have 
already been apoptotic, and shown that P53 knockout signi�cantly 
reduced apoptosis and damage of acinar cells [15], indicating that the 
P53 pathway may be a new target molecule for the treatment of SAP 
progression.  Whether the HPNE cells exist apoptosis in the pancreatic 
juice pathological microenvironment. Annexin V-PI (AV-PI) staining 
was used to detect the apoptosis of HPNE cells in the pancreatic juice 
pathological microenvironment (Figure 2A-B).  In addition, western 
blotting was used to detect the expression of apoptotic proteins 
(Figure 2C-D).  �e results showed that HPNE cells existed apoptosis 
and the expression of apoptosis-related proteins increased under the 
stimulation of pancreatic juice pathological microenvironment.

Pancreatic juice pathological microenvironment promoted 
the autophagy of HPNE cells

�e HPNE cells were inoculated in the 24-well plate a�er the 
ground glasses were pressed tightly, on the second day, the HPNE cells 
were treated with mRFP-GFP-LC3 adenovirus for 48 hours, and on the 
fourth day the HPNE cells were treated with 1.5 μg/μl pancreatic juice for 
one day. A�er one day, all ground glasses were sealed and observed the 
formation of autophagosomes under �uorescence microscope. Besides, 
extracted total proteins at di�erent times and analyzed the expression 
of autophagy marker proteins. �e HPNE cells were inoculated in 

6-well plate, treated with chloroquine for 4 hours on the second day, 
washed away with PBS, and treated with 1.5 μg/μl pancreatic juice 
for 24 hours. On the third day, extracted total proteins and analyzed 
autophagic protein expression. A: the formation of autophagosome 
was observed under �uorescence microscope, (magni�cation, 400X). 
B-C: expression of autophagy maker proteins at di�erent times. D-E: 
expression of autophagy proteins a�er chloroquine treated for 4 hours. 
ns: no statistical signi�cance, vs the control group. **: P < 0.01.

�e disorder of autophagy may promote the in�ammatory response 
of SAP [16]. In order to determine the autophagy of HPNE cells in 
the pancreatic juice pathological microenvironment, the formation of 
autophagosome was observed under �uorescence microscope (Figure 
3A). Pancreatic juice at certain concentration (1.5 μg/μl) was used to 
stimulate HPNE cells at di�erent times (Figure 3B-C), a�er HPNE cells 
were treated with Chloro Quine (CQ), and detected the expression of 
autophagy-related proteins by Western blotting (Figure 3D-E).  �e 
results showed that the pancreatic juice pathological microenvironment 
induced autophagy in HPNE cells, and excessive autophagy may 
aggravate the occurrence and development of acute pancreatitis.

Inhibition of autophagy reduced the apoptosis of pancreatic 
duct epithelial cells

�e HPNE cells were inoculated on 6-well plate, and adding the 
3-MA to the 3-MA group and the pancreatic juice+3-MA group for 
5 hours on the second day, then washed 3-MA with PBS, adding the 
medium to the 3-MA group, and adding the 1.5 μg/μl pancreatic juice 
to the pancreatic juice group and pancreatic juice+3-MA group. one 
day later, digested with trypsin without EDTA, and staining with 
apoptosis detection kit, and �nally analyzed by �ow cytometry. �e 
same steps, extracted the total proteins, and detected the expression 
the apoptosis proteins. A-B: apoptosis of HPNE cells was assessed by 
AV-PI staining assay with 3-MA treated for 5 hours and pancreatic 
juice treated for 24 hours. C-D: expression of apoptosis proteins with 
3-MA treated for 5 hours and pancreatic juice treated for 24 hours. ns, 

Figure 2: Pancreatic juice pathological microenvironment induced apoptosis of HPNE cells.
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Autophagy is closely related to the occurrence and progression of 
AP, and even played a key role in determining the severity and progress 
of AP [4]. Accumulation of autophagosomes in cells caused by impaired 
autophagy aggravated the pathological process of AP [21]. �erefore, 
the normal physiological process of autophagy maintains the dynamic 
balance of cell organelles. Jianhua Wan found that the regulation of 
autophagy could alleviate the development of AP in mice, because of 
3-MA could reduce autophagy �ow and in�ammation levels [22].  It has 
been reported that regulation of autophagy could inhibit the progress 
of SAP [19, 23], and the 3-MA could inhibit autophagy and prevent 
neuronal apoptosis [24]. �e synergistic e�ect between autophagy 
and apoptosis aggravated neurovascular degeneration [25]. �ere is 
a mutual regulatory relationship between autophagy and apoptosis 
[26]. We tried to treat HPNE cells with 3-MA to detect the apoptosis 
of HPNE cells in pancreatic juice pathological microenvironment, the 
�ow cytometric analysis showed that 3-MA reduced the apoptosis 
of HPNE cells, and the cCaspase-3, cPARP-1 and Bax were down-
regulated. And these data showed that inhibition of autophagy reduced 
the occurrence of apoptosis. 

Figure 4: Inhibition of autophagy reduced the apoptosis of HPNE cells.

Figure 5: Inhibition of p38 MAPK signalling pathway reduced the apoptosis of HPNE cells.

p38 MAPK signaling pathway can be strongly activated by 
environmental and genotoxic stress [27, 28], Which plays an important 
role in the process of apoptosis [29].  It has been reported that acute 
Pancreatitis Associated Ascitic Fluid (PAAF) induced hepatocyte 
apoptosis through activation of p38 MAPK signaling pathway and 
caspase-3 dependent pro-apoptotic pathway.  Inhibition of p38 MAPK 
signaling pathway by p38 MAPK signaling inhibitors reduced liver 
damage in rats [30], and RND2 inhibited autophagy and reduced 
apoptosis by inhibiting p38 MAPK signaling pathway [31]. In 
conclusion, p38 MAPK is involved in the regulation of autophagy and 
apoptosis [32]. In the pancreatic juice pathological microenvironment, 
p38 MAPK signaling pathway was activated, pP38 protein was up-
regulated, we pretreated HPNE cells with SB203580 (10 μM) for 4 
hours, and then co-cultured with HPNE cells in pancreatic juice 
pathological microenvironment. Western blotting analysis showed that 
LC3-Ⅱ/GAPDH was down-regulated, cCaspase-3 and cPARP-1 also 
were down-regulated.  All these data suggest that intervention of the 
p38 MAPK signaling pathway inhibited the autophagy and apoptosis 
of HPNE cells.
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Pancreatic juice pathological microenvironment induced 
autophagy and apoptosis of HPNE cells by activating p38 MAPK 
signaling pathway, and inhibition of p38 MAPK signaling pathway 
reduced autophagy and apoptosis of HPNE cells, which may be a 
potential therapeutic target for reducing HPNE cells apoptosis, so 
we provided a theoretical basis for improving the permeability of 
pancreatic duct mucosal barrier in the progress of acute pancreatitis.

Funding
�is work was supported by the Ningxia Department of 

Science and Technology’s key research and development program 
(2021BEG03042).

Acknowledgement

We thank Dr. Yong Zhao Zhu for technical guidance.

Declaration of Interest

�e authors declare no con�icts of interest and No bene�ts in any 
form have been received or will be received from a commercial party 
related directly or indirectly to the subject of this article.

References
1.	 Mederos MA, Reber HA, Girgis MD (2021) Acute Pancreatitis: A Review. JAMA 

https://www.sciencedirect.com/science/article/abs/pii/0002961069902803
https://www.sciencedirect.com/science/article/abs/pii/0002961069902803
https://link.springer.com/article/10.1007/s10620-009-0977-z
https://link.springer.com/article/10.1007/s10620-009-0977-z
https://www.hindawi.com/journals/omcl/2021/8811935/
https://www.hindawi.com/journals/omcl/2021/8811935/
https://www.researchgate.net/publication/339269807_Effects_of_Bacterial_Translocation_and_Autophagy_on_Acute_Lung_Injury_Induced_by_Severe_Acute_Pancreatitis
https://www.researchgate.net/publication/339269807_Effects_of_Bacterial_Translocation_and_Autophagy_on_Acute_Lung_Injury_Induced_by_Severe_Acute_Pancreatitis
https://www.researchgate.net/publication/330782246_Bidirectional_Effects_of_Pyrrolidine_Dithiocarbamate_on_Severe_Acute_Pancreatitis_in_a_Rat_Model
https://www.researchgate.net/publication/330782246_Bidirectional_Effects_of_Pyrrolidine_Dithiocarbamate_on_Severe_Acute_Pancreatitis_in_a_Rat_Model
https://www.nature.com/articles/s41419-021-04227-0
https://www.nature.com/articles/s41419-021-04227-0
https://www.nature.com/articles/s41419-021-04227-0
https://www.sciencedirect.com/science/article/abs/pii/S1044579X13000503
https://www.sciencedirect.com/science/article/abs/pii/S0007455120305014
https://www.sciencedirect.com/science/article/abs/pii/S0007455120305014
https://www.researchgate.net/publication/283959003_Dachengqi_Decoction_Attenuates_Inflammatory_Response_via_Inhibiting_HMGB1_Mediated_NF-kB_and_P38_MAPK_Signaling_Pathways_in_Severe_Acute_Pancreatitis
https://www.researchgate.net/publication/283959003_Dachengqi_Decoction_Attenuates_Inflammatory_Response_via_Inhibiting_HMGB1_Mediated_NF-kB_and_P38_MAPK_Signaling_Pathways_in_Severe_Acute_Pancreatitis
https://www.researchgate.net/publication/283959003_Dachengqi_Decoction_Attenuates_Inflammatory_Response_via_Inhibiting_HMGB1_Mediated_NF-kB_and_P38_MAPK_Signaling_Pathways_in_Severe_Acute_Pancreatitis
https://link.springer.com/article/10.1007/s10753-011-9362-0
https://link.springer.com/article/10.1007/s10753-011-9362-0
https://link.springer.com/article/10.1007/s10753-011-9362-0
https://link.springer.com/chapter/10.1007/112_2013_14
https://link.springer.com/chapter/10.1007/112_2013_14
https://www.researchgate.net/publication/343184703_ATF6_aggravates_acinar_cell_apoptosis_and_injury_by_regulating_p53AIFM2_transcription_in_Severe_Acute_Pancreatitis
https://www.researchgate.net/publication/343184703_ATF6_aggravates_acinar_cell_apoptosis_and_injury_by_regulating_p53AIFM2_transcription_in_Severe_Acute_Pancreatitis
https://www.researchgate.net/publication/343184703_ATF6_aggravates_acinar_cell_apoptosis_and_injury_by_regulating_p53AIFM2_transcription_in_Severe_Acute_Pancreatitis
https://www.researchgate.net/publication/239072260_Crosstalk_between_apoptosis_necrosis_and_autophagy
https://www.researchgate.net/publication/239072260_Crosstalk_between_apoptosis_necrosis_and_autophagy
https://www.researchgate.net/publication/337206773_Advances_in_immunomodulatory_therapy_for_severe_acute_pancreatitis
https://www.tandfonline.com/doi/abs/10.1080/08916934.2021.1953484
https://www.tandfonline.com/doi/abs/10.1080/08916934.2021.1953484
https://www.tandfonline.com/doi/abs/10.1080/08916934.2021.1953484
https://www.researchgate.net/publication/338498702_Pancreatic_triglyceride_lipase_mediates_lipotoxic_systemic_inflammation
https://www.researchgate.net/publication/338498702_Pancreatic_triglyceride_lipase_mediates_lipotoxic_systemic_inflammation
https://www.researchgate.net/publication/327966385_Acinar_cell_injury_induced_by_inadequate_unfolded_protein_response_in_acute_pancreatitis
https://www.researchgate.net/publication/327966385_Acinar_cell_injury_induced_by_inadequate_unfolded_protein_response_in_acute_pancreatitis
https://link.springer.com/article/10.1007/s11596-013-1124-9
https://link.springer.com/article/10.1007/s11596-013-1124-9
https://www.researchgate.net/publication/312419201_Acanthopanax_versus_3-Methyladenine_Ameliorates_Sodium_Taurocholate-Induced_Severe_Acute_Pancreatitis_by_Inhibiting_the_Autophagic_Pathway_in_Rats
https://www.researchgate.net/publication/312419201_Acanthopanax_versus_3-Methyladenine_Ameliorates_Sodium_Taurocholate-Induced_Severe_Acute_Pancreatitis_by_Inhibiting_the_Autophagic_Pathway_in_Rats
https://www.researchgate.net/publication/312419201_Acanthopanax_versus_3-Methyladenine_Ameliorates_Sodium_Taurocholate-Induced_Severe_Acute_Pancreatitis_by_Inhibiting_the_Autophagic_Pathway_in_Rats
https://journals.sagepub.com/doi/full/10.3727/096368913X670174
https://journals.sagepub.com/doi/full/10.3727/096368913X670174
https://journals.sagepub.com/doi/full/10.3727/096368913X670174
https://www.europeanreview.org/wp/wp-content/uploads/9601-9614.pdf
https://www.europeanreview.org/wp/wp-content/uploads/9601-9614.pdf
https://www.nature.com/articles/nrm2239
https://www.nature.com/articles/nrm2239
https://www.science.org/doi/10.1126/science.7914033
https://www.science.org/doi/10.1126/science.7914033
https://eurekamag.com/research/033/886/033886349.php
https://eurekamag.com/research/033/886/033886349.php
https://www.spandidos-publications.com/10.3892/ol.2020.11913
https://www.spandidos-publications.com/10.3892/ol.2020.11913
https://www.spandidos-publications.com/10.3892/ol.2020.11913
https://link.springer.com/article/10.1016/S1091-255X(02)00134-8
https://link.springer.com/article/10.1016/S1091-255X(02)00134-8
https://link.springer.com/article/10.1016/S1091-255X(02)00134-8
https://jeccr.biomedcentral.com/articles/10.1186/s13046-020-01671-2
https://jeccr.biomedcentral.com/articles/10.1186/s13046-020-01671-2
https://jeccr.biomedcentral.com/articles/10.1186/s13046-020-01671-2
https://www.sciencedirect.com/science/article/abs/pii/S0304383513008318
https://www.sciencedirect.com/science/article/abs/pii/S0304383513008318
https://www.sciencedirect.com/science/article/abs/pii/S0304383513008318

	Title
	Abstract

