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Abstract 

Pancreatic diseases, a serious threat to human health, have garnered considerable research interest, as they are associ-
ated with a high mortality rate. However, owing to the uncertain etiology and complex pathophysiology, the treat-
ment of pancreatic diseases is a challenge for clinicians and researchers. Exosomes, carriers of intercellular commu-
nication signals, play an important role in the diagnosis and treatment of pancreatic diseases. Exosomes are involved 
in multiple stages of pancreatic disease development, including apoptosis, immune regulation, angiogenesis, cell 
migration, and cell proliferation. Thus, extensive alterations in the quantity and variety of exosomes may be indicative 
of abnormal biological behaviors of pancreatic cells. This phenomenon could be exploited for the development of 
exosomes as a new biomarker or target of new treatment strategies. Several studies have demonstrated the diagnos-
tic and therapeutic effects of exosomes in cancer and inflammatory pancreatic diseases. Herein, we introduce the 
roles of exosomes in the diagnosis and treatment of pancreatic diseases and discuss directions for future research and 
perspectives of their applications.
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Background
Pancreatic diseases, such as acute pancreatitis (AP), 
chronic pancreatitis (CP), pancreatic cancer (PaCa), and 
diabetes, form a large category of complex diseases with 
high incidence and mortality. The global mortality rates 
associated with AP and CP are 1.60 and 0.09 per 100 000 
individuals per year, respectively [1]. AP is the fifth most 
common cause of death of patients in hospitals, with an 
incidence rate of 34 per 100 000 individuals per year glob-
ally [2–5]. Approximately 36% of CP is transformed from 
recurrent AP, and its incidence is higher in middle-aged 
and elderly men [6]. Similar to inflammatory pancreatic 
diseases, PaCa and diabetes are also serious diseases with 

an extremely poor prognosis. PaCa remains one of the 
deadliest cancers worldwide, with a five-year survival rate 
of as low as 6% [7]; diabetes affects around 425 million 
people per year globally [8]. Pancreatic diseases have gar-
nered attention, especially their early-stage diagnosis and 
effective therapies. Currently, the widely used diagnosis 
methods for most pancreatic diseases are mostly based 
on serum biochemical markers and abdominal imaging. 
However, digestive enzymes that are commonly used 
to diagnose pancreatitis (amylase and lipase) have low 
sensitivity and specificity [9]. With respect to the treat-
ment of AP and CP, supportive and symptomatic therapy, 
including analgesics and fluid resuscitation, is commonly 
used [10, 11]. This approach may relieve symptoms in a 
short time but does not address the specific pathogen-
esis. Neoadjuvant chemotherapy and surgical resection 
are primarily used as treatment strategies for PaCa, but 
the prognosis is still poor owing to the high recurrence 
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rate [12, 13]. Considering that both development of 
detection methods based on serological techniques and 
the exploration of targeted therapy are in early stages, it 
is of importance to perform additional extensive and in-
depth investigations on diagnosis and treatment of pan-
creatic diseases.

Exosomes, an important carrier of intercellular com-
munication signals, play important roles in the diagnosis 
and treatment of pancreatic diseases. Exosomes contain 
various proteins, RNAs, and other components that reg-
ulate the inflammatory response, angiogenesis, and cell 
protection after injury by influencing gene expression at 
the mRNA level [14–16]. Exosomes participate in various 
physiological and pathological processes such as biologi-
cal development, epigenetic regulation, immune regula-
tion, and tumor occurrence and progression [17–20]. It 
has been proved that exosomes are involved in several 
stages of pancreatic disease development, such as apop-
tosis, immune regulation, angiogenesis, cell migration, 
and cell proliferation. Therefore, extensive changes in the 
number and type of exosomes may indicate an abnormal 
biological behavior of pancreatic cells. This phenomenon 
could be exploited for the development of exosomes as 
a new biomarker or therapeutic strategy. Owing to their 
high sensitivity and specificity, exosomes have been used 
in the diagnosis and treatment of cancer and inflam-
matory diseases, especially in the diagnosis of tumors 
that are difficult to detect in the early stages of routine 
physical examination [21, 22]. In addition, the changes in 
some contents in the exosomes may indicate the evolu-
tionary trend of the disease. Monitoring these changes 
to guide clinical diagnosis and treatment will help phy-
sicians understand the conditions of patients and adjust 
their diagnosis and treatment plan in time. Therefore, 
exosomes are becoming a new tool to gain specific infor-
mation of diseases; moreover, they can serve as biomark-
ers for pathophysiology [23, 24]. In summary, studies 
have shown the potential of exosomes for multiple appli-
cations in the treatment of pancreatic diseases.

In this review, we focus on the role of exosomes as spe-
cific biomarkers for the diagnosis of various pancreatic 
diseases. We further introduce the role of exosomes in 
the treatment of pancreatic diseases, including apopto-
sis and immune regulation, angiogenesis, cell migration, 
and cell proliferation. We summarize the trends and chal-
lenges of future research and the application of exosomes 
in pancreatic diseases.

Exosomes: biology, identification, and isolation
Among the extracellular vesicles released from mam-
malian cells (namely, exosomes, microvesicles, and 
apoptotic vesicles), exosomes are the most broadly inves-
tigated. Exosomes originate from the membranes of 

multivesicular bodies; they appear as double-layer phos-
pholipid membrane structures in electron microscopy, of 
diameters ranging from 40 to 150 nm [25]. Under physio-
logical or pathological conditions, exosomes can transfer 
bioactive molecules such as DNA, RNAs, and proteins 
locally or remotely from donor cells to recipient cells 
[26]. In addition, exosomes can be easily manipulated 
and wrapped in exosome biogenesis in donor cells, and 
they can cross a variety of biological barriers [27]. They 
are classified based on size, density, morphology, and 
the presence of common surface markers such as CD63, 
CD81, and CD9 tetraspanins, fusion proteins, endosome-
associated proteins, and heat shock proteins [28].

Current studies have mainly extracted and identified 
exosomes from cell culture media and biological fluids 
[29]. After ultracentrifugation (100 000 g), relatively pure 
exosomes can be isolated using an additional sucrose gra-
dient step, with exosomes at a sucrose density of 1.13–
1.19 g/mL [30]. In addition, several commercial kits are 
based on the principle of polymer precipitation to sepa-
rate exosomes, and the purification efficiency of different 
kits is different [31]. The polymer precipitation method 
has the advantages of simplicity and rapidity; moreover, 
it does not require the use of expensive equipment. How-
ever, commercialized kits are expensive, and exosomes 
could get contaminated by polymers in the purification 
process, which will affect the subsequent experiments 
[32].

Application of exosomes in the diagnosis 
of pancreatic diseases
Diagnosis of AP
The timely and effective diagnosis of AP is key to its treat-
ment. The severity of AP correlates with the inflammatory 
capacity of exosomes in the early stages of the disease. 
Exosomes isolated from the blood of patients with mild 
pancreatitis had no significant effect on inflammatory 
cells, whereas exosomes from patients with severe pan-
creatitis triggered nuclear transcription factor-κB (NF-
κB) activation, tumor necrosis factor (TNF)-α release, 
and other inflammatory processes [33]. Currently, several 
studies have focused on the role of microRNA (miRNA) 
carried by exosomes in the diagnosis of systemic inflam-
mation caused by AP (Fig. 1a). In a previous study, exo-
somal miRNAs were extracted and examined using 
microarrays; 30 miRNAs were found to be upregulated 
in AP [1]. Furthermore, the study demonstrated that pan-
creatic acinar cells regulate macrophage activation by 
secreting exosomes carrying miRNAs. Additionally, tar-
get genes of differentially expressed miRNAs were found 
to regulate macrophage activation via the TRAF6-TAB2-
TAK1-NIK/IKK-NF-κB pathway. Other studies have con-
firmed that in AP, two different exosome populations are 
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produced, with apparent differences in their origin, tissue 
distribution, molecular content, and physiological effects. 
Pancreatitis plasma exosomes, compared to pancreatitis-
associated ascitic fluid (PAAF) exosomes, are enriched 
in inflammatory miR-155 and express low levels of miR-
21 and miR-122 [34]. In addition, plasma exosomes have 
higher pro-inflammatory activity in macrophages than 
PAAF exosomes. The plasma miRNA expression profile 
in patients with AP has been established, and a prospec-
tive study including a larger number of samples is in pro-
gress. The detection of exosomes carrying miR presents 
an optimistic prospect to diagnose AP [35].

Diagnosis of CP
There is a lack of effective diagnostic markers for CP. 
In clinical practice, CP is sometimes misdiagnosed as 
pancreatic ductal adenocarcinoma (PDAC), resulting 
in unnecessary pancreatectomy [36]. Distinguishing 
PDAC from CP based on miRNA expression may be a 
future research direction (Fig.  1b). It has been reported 
that high exosomal levels of miRNA-10b, miR-21, miR-
30c, and miR-181a, and low miR-let7a can be readily 
used to differentiate PDAC from normal control and CP 
samples. Furthermore, the exosomal miRNA signature 

is better than exosomal GPC1 or plasma CA 19-9 lev-
els when establishing a diagnosis of PDAC and distin-
guishing PDAC from CP [22]. A proof-of-concept study 
showed that exosomal DNA can be used to distinguish 
PDAC from CP [37]. It demonstrated the potential clini-
cal utility of circulating exosomal DNA to identify KRAS 
and TP53 mutations in patients with pancreas-associated 
pathologies, including PDAC and CP, and healthy human 
subjects. In 48 patients with PDAC, digital PCR analy-
ses of exosomal DNA identified the KRAS mutations in 
39.6% of patients. Exosomes may be highly specific for 
the identification of CP and PaCa.

Diagnosis of PaCa
Exosomes play important roles in cancer genesis, can-
cer-related immune reactions, and metastasis. They also 
have potential as novel biomarkers for the early detection 
of PaCa. Evaluation of exosomal proteins and miRNAs 
in blood samples from patients with PaCa, CP, benign 
pancreatic tumors, non-PaCa, and healthy volunteers 
has revealed excellent sensitivity for PaCa compared 
with all other groups (Fig.  1b). Significant differences 
were observed in exosomal protein markers CD44v6, 
Tspan8, EpCAM, MET, and CD104, and combinations of 

Fig. 1 Application of exosomes in the diagnosis of pancreatic diseases. a The miRNA expressed in plasma-derived exosomes display greater 
diagnostic value in AP. b Exosomes may be highly specific in the identification of CP and PaCa. c Exosomes from plasma are significant for early 
diagnosis of diabetes
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miR-1246, miR-4644, miR-3976, and miR-4306, in both 
serum exosomes and exosome-depleted serum [38, 39]. 
Certain proteins, such as EGFR, can be released in dis-
tinct isoforms from PaCa in exosomes, suggesting that 
exosomes may be involved in mediating intercellular 
communication and may be used as potential biomark-
ers [40]. Another study found that pancreatic stellate 
cell (PSC)-derived exosomes stimulate the proliferation, 
migration, and expression of miRNAs of chemokine 
ligands in PaCa cells. This study determined the miRNA 
expression profile in PSC-derived exosomes, which may 
play a role in the interactions between PSCs and PaCa 
cells [41].

Exosomes have several advantages as biomarkers. First, 
exosomes act as messengers of original cells and are 
detectable in a variety of body fluids, including blood, 
saliva, and urine [42–44]. Second, exosomes are more 
abundant in patients with cancer than in health controls, 
which can be attributed to the tumor microenvironment 
that can promote exosome release [45]. Third, when the 
tumor mass reached a substantial volume or advanced 
stage, its content type of exosome messengers differs 
from that in early stage, suggesting that exosomes may 
play a role in tumor staging diagnosis [46]. Finally, clini-
cians may treat human cancer by modulating exosome 
contents [47, 48]. The detection of serum exosomes in 
patients with pancreatic tumors is a hot research topic, 
as this may translate to the application of exosomes in 
pancreatic disease diagnosis and treatment. Therefore, 
clinical trials on pancreatic tumor screening technology 
based on serum exosome detection may provide compel-
ling data in the near future.

Diagnosis of diabetes and its complications
Recent studies have shown that exosomes can be used as 
biomarkers for metabolic diseases, thereby detecting dis-
ease risk markers to prevent disease or provide possible 
treatments. Therefore, it is important to identify patients 
at a risk of diabetes and promote an early diagnosis of 
diabetes (Fig.  1c). A study involving cross-sectional and 
longitudinal groups of participants with normal blood 
glucose and those with prediabetes or diabetes verified 
that circulating exosome levels in patients with Type 
2 diabetes were significantly higher than those in par-
ticipants with normal blood glucose [49]. In a previous 
study, exosomes were separated from the urine samples 
of rats through differential analysis of the renal pro-
teome in an early diabetic nephropathy (DN) rat model, 
and then protein expression in response to substantial 
changes in DN in rat tissues to human kidney tissues and 
urine exosomes was compared. It was concluded that the 
expression of regulcin protein in the renal tissues of sub-
jects with DN decreases. This significant change was also 

verified in exosomes isolated from rat urine. This sug-
gests that urinary exosomes can be used as a novel tool 
for the early diagnosis and monitoring of DN progres-
sion [50]. Other studies have analyzed the urine levels 
of AQP5 and AQP2 excreted by exosomes in 35 patients 
with diabetes, suggesting that exosomal AQP5 and 
AQP2 may be used as novel noninvasive biomarkers to 
help classify the clinical stages of DN [51]. With further 
research development, urinary exosomes can be used for 
the early diagnosis of diseases, with miRNA contained in 
exosomes playing a role. For example, one study assessed 
miRNA expression in urinary exosomes of type-1 diabe-
tes mellitus (T1DM) patients with and without early DN. 
The results showed that miR-130a and miR-145 were 
enriched in urine exosomes of patients with microalbu-
minuria, whereas miR-155 and miR-424 were decreased. 
This study verified that the level of urinary exosomal 
miRNA changes in T1DM patients with early DN, and 
miR-145 may represent a novel biomarker for diabetic 
complications [52].

Application of exosomes in the treatment 
of pancreatic diseases
Exosome‑based treatment via apoptosis regulation
Apoptosis is characterized by mitochondrial leakage and 
dysfunction as well as the activation of apoptotic sign-
aling pathways. Recent studies have shown that apop-
tosis can be mediated by exosomes through various 
signaling pathways such as the Wnt/β-catenin, NF-κB, 
and Akt/PI3K signaling pathways [53]. The occurrence 
and development of pancreatic diseases are closely 
related to exosome-mediated apoptosis (Fig.  2) [54, 55]. 
Exosomes secreted by bone marrow mesenchymal stem 
cells (BMSCs) can regulate inflammatory cytokines and 
reduce the infiltration of inflammatory cells through 
the NF-κB signaling pathway. As a result, serum lipase 
and amylase levels decrease, indicating the repair and 
regeneration of necrotic pancreatic tissues in AP [56]. 
Exosomes affect pancreatitis by regulating various sign-
aling pathways. In addition, exosomes may affect other 
types of pancreatic diseases such as diabetes and PaCa. 
A previous study successfully established a rat model of 
Type 2 diabetes mellitus (T2DM) using a high-fat diet 
combined with streptozotocin and confirmed that human 
mesenchymal stem cell-derived exosomes inhibit the 
apoptosis of rat β-cells to alleviate T2DM in rats [57]. In 
the treatment of PDAC, exosomes can be used as miRNA 
loaders to significantly reduce the growth of transplanted 
tumors in animal models by inhibiting the proliferation 
or invasion of PDAC and increasing apoptosis and cell 
cycle arrest [58, 59].

The mechanism underlying exosome involvement in 
apoptosis in various pancreatic diseases by regulating 



Page 5 of 11Han et al. Stem Cell Research & Therapy          (2022) 13:153  

different signaling pathways has been studied exten-
sively, but the specific molecular mechanisms and tar-
gets remain unclear. The mechanism and application of 
exosomes in apoptosis should be studied further.

Exosome‑based treatment via immune regulation
Recent studies have shown that exosomes contain a 
variety of immune-related molecules, including lyso-
some-associated membrane proteins and major histo-
compatibility complex class I and II molecules, which 
can stimulate macrophage polarization and T cell polari-
zation to anti-inflammatory regulatory T cells (Treg), 
and inhibit the proliferation of inflammatory CD4+ T, 
CD8+ T, and natural killer cells [60–64]. In addition, 
exosome-mediated immune regulation may be associ-
ated with adaptive immune responses through toll-like 
receptors (TLRs) and other receptors. Exosomes mainly 
induce an innate immune response by identifying specific 
and conservative endogenous and exogenous molecu-
lar patterns of pathogenic microorganisms, causing the 

release of inflammatory mediators and cytokines, and 
regulating adaptive immune responses (Fig. 2) [65–67].

Regarding immune-related regulation, exosome-medi-
ated immune regulation may play a role in AP mainly 
through TLRs. The expression of pro-apoptotic and pro-
inflammatory factors were significantly downregulated, 
whereas the expression of anti-apoptotic proteins and 
anti-inflammatory factors were upregulated in spinal 
cord injury models after treatment with BMSC-derived 
exosomes [68]. Studies regarding PaCa have verified 
that PaCa-derived exosomes could downregulate TLR4 
and downstream cytokines in dendritic cells (DCs) via 
miR-203 [69]. In addition, TLR-mediated immune reg-
ulation can play a role in altering the state of T cells. It 
has been shown that exosomes derived from adipose 
tissue-derived mesenchymal stem cells exert ameliora-
tive effects on autoimmune T1DM by increasing the Treg 
cell population and their products without changing the 
proliferation index of lymphocytes, which may present a 
potential approach in T1DM treatment [70].

Fig. 2 Application of exosomes in the treatment of pancreatic diseases. Exosomes from various cell types use different mechanisms to treat 
pancreatic diseases, including apoptosis, immune regulation, angiogenesis, cell migration, and proliferation
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Exosomes exert strong immunoregulatory effects 
by regulating the state of immune cells through their 
immune-active molecules. Among them, TLR4, MyD88, 
and lysosome-associated membrane proteins have 
received attention, and their regulatory roles in diabe-
tes, PaCa, and other diseases have been confirmed. The 
function of exosomes in traumatic pancreatitis remains 
unknown. After pancreatic trauma, NF-κB is activated 
to produce various cytokines, such as TNF-α, interleu-
kin (IL)-1β, IL-2, IL-6, and IL-18. These cytokines when 
released contribute to the production of initial signals, 
which lead to the infiltration of neutrophils and lym-
phocytes in the pancreas, thereby amplifying the inflam-
matory response. Exosomes inhibit the TLR4/MyD88/
NF-κB signaling pathway to inhibit NF-κB activation, 
suggesting that exosome treatment may become a new 
option for organizational regeneration and repair after 
pancreatic trauma.

Exosome‑based treatment in angiogenesis
Angiogenesis is a complex process, in which pro- and 
anti-angiogenic factors coordinate and are generally in 
a stable state. Once this stabilization is disrupted, the 
vascular system is activated, resulting in excessive angi-
ogenesis or inhibition of the vascular system, leading to 
vascular degradation [71, 72]. In recent years, the role 
of exosomes in promoting angiogenesis has been exten-
sively studied in various disease models. Exosomes can 
transmit biological information to target cells and alter 
their biological activities by activating various signaling 
pathways, including the vascular endothelial growth fac-
tor (VEGF) signaling pathway, Shh/Gli signal activation, 
and release of nitric oxide (NO), leading to vascular pro-
tection (Fig. 2) [73–77].

Research regarding the effect of human placental mes-
enchymal stem cell-derived exosomes on angiogenesis 
in  vitro and in  vivo has shown that exosomes promote 
the formation and migration of human umbilical vein 
endothelial cells (HUVECs) [78]. A study investigated the 
specific mechanism by which exosomes enhance the pro-
liferation, migration, and tubular formation of vascular 
endothelial cells in vitro. These effects may be due to the 
increased expression of angiogenesis-related molecules 
FGF-1, VEGFA, VEGFR-2, and ANG-1 [79]. Exosomes 
can promote angiogenesis by increasing the expression of 
angiogenesis-related molecules and can regulate angio-
genesis by combining with various miRNAs. Another 
study isolated exosomes from PANC-1 cells and co-
cultured them with HUVECs. The results showed that 
exosomes derived from PANC-1 cells influence angio-
genesis in HUVECs in vitro and in vivo by either down-
regulating or upregulating CCAT1 expression. CCAT1 
mediates HMGA1 through competitive binding to 

miR-138-5p. Overexpression of miR-138-5p antagonized 
the effect of CCAT1 upregulation on HUVEC angiogen-
esis in vitro [80].

The effect of exosomes on angiogenesis may have an 
excellent application in some pancreatic diseases. Trau-
matic pancreatitis is associated with a relatively high 
mortality rate, although its incidence is not high in pan-
creatic diseases. A large amount of pancreatic juice will 
overflow if there is a severe rupture in the pancreatic 
duct. Digestive enzymes in the pancreatic juice can also 
digest pancreatic cells, causing further necrosis of the 
pancreas and surrounding tissues. Therefore, strength-
ening blood vessel formation and improving pancreatic 
microcirculation help delay post-traumatic necrosis and 
promote the regeneration and repair of pancreatic tissue. 
Taken together, we speculate that exosomes may pro-
mote angiogenesis and provide an alternative direction 
for research into pancreatic injury tissue regeneration 
and repair.

Exosome‑based treatment by improving cell migration 
and proliferation
Under certain pathological conditions, injured and 
necrotic tissues can form scar tissues through the pro-
liferation and migration of neighboring healthy cells 
[81]. It is beneficial to stabilize the microenvironment of 
necrotic tissue, reduce post-traumatic stress, and pro-
mote post-traumatic healing. Exosomes are rich in pro-
teins, RNAs, and DNA. These active components can be 
stably transported between cells, participate in informa-
tion exchange between cells, and activate the migration 
and proliferation of various cell types (Fig. 1) [14, 82–86].

In a previous study, human pancreatic cancer Panc-1 
cells were subcutaneously inoculated on both sides of the 
nude mice (1 ×  106), and Human umbilical cord mesen-
chymal stem cells (hUCMSC) exosomes were injected 
directly into the tumor. It was observed that hUC-
MSC exosomes promoted the growth of PANC-1 and 
bxpc3 cells by increasing the proliferation and migra-
tion in vitro. In addition, in the xenograft tumor model, 
hUCMSC exosomes increased the growth of PANC-1 
cells [87]. Another study isolated adipose-derived stem 
cell (ADSCs) from adipose tissue donated by patients 
and used the supernatant of third-generation ADSCs to 
extract exosomes. Subsequently, 8 week-old-male Balb/c 
mice were selected to prepare diabetes models. A full-
thickness skin defect of diameter 8  mm was created on 
the back. Thereafter, 0.2 mL of ADSC exosomes and PBS 
were injected into the dermis of the experimental group 
to draw a conclusion. The results showed that exosomes 
derived from adipose-derived mesenchymal stem cells 
could enter fibroblasts, promote the proliferation and 
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migration of fibroblasts, and promote wound healing in 
diabetic mice [88].

When pancreatic inflammatory diseases occur, seg-
mental or diffuse inflammation of the pancreatic paren-
chyma can lead to pancreatic necrosis, fibrosis, atrophy, 
and disappearance of acinar and islet cells, resulting in 
pancreatic structural damage and pancreatic endocrine 
and exocrine dysfunction. Exosomes stimulate cell prolif-
eration and induce cell activation. Therefore, we specu-
late that exosomes may present a theoretical basis for the 
treatment of pancreatic diseases.

Summary and prospects
Pancreatic disease initiation is a delicate and complex 
process, and the current management of pancreatic dis-
ease focuses on symptom relief and supportive treatment. 
In recent years, with the development of regenera-
tive medicine, the application of exosomes in the treat-
ment and diagnosis of pancreatic diseases has become 
an attractive research topic. Exosomes can be obtained 
from various bodily fluids, and they carry miRNAs that 
are more sensitive than traditional diagnostic methods, 
assisting in the early screening of diseases for early treat-
ment and differential diagnosis (Table 1). However, some 
issues still needed to be addressed before exosomes can 
be widely used as biomarkers in clinical diagnosis. Firstly, 
there are large differences in the expression profiles of 
exosomes in different periods during the dynamic devel-
opment of pancreatic disease. For example, miR-221 and 
mir-130a, which are highly expressed in early-stage CP, 
may serve as diagnostic biomarkers, but in late stage CP, 
serum-derived exosome expression profiles change con-
siderably [89]. The construction of expression profile for 
exosomal contents in human pancreatic disease based on 
dynamic changes will contribute to improved diagnostic 
accuracy.

In addition to the expression profile of exosomes, as 
exosomes are usually isolated from biofluids, determin-
ing the source organ of exosomes remains a challenge. 

Studies have pointed out that lncRNAs/CircRNAs of 
exosomes exhibit organ/tissue specificity, such as circ-
kldhc10 with specificity in exosomes of gastrointestinal 
origin, and the exploration of specific RNAs carried by 
exosomes of pancreatic origin will help identify the tar-
get organs of serum exosomes [90, 91]. Furthermore, 
exosomes are usually isolated by applying differential 
ultracentrifugation under laboratory conditions, and a 
simple isolation method for exosomes is lacking in hos-
pitals with poor conditions and without laboratories 
[30]. A study on the validation of exosomes for clinical 
applications demonstrated a novel and simple method 
to capture exosomes from blood, which focused on the 
isolation and identification of exosomes as a simple 
and highly efficient process via an alternating current 
electrokinetic chip [92]. The whole blood required for 
the identification and isolation was only 25 μL, and the 
process required no longer than 2 h.

Exosomes and their bioactive substances influence 
cell apoptosis during the development and progres-
sion of pancreatic diseases by regulating different 
signaling pathways, regulating the status of immune 
cells, and upregulating or inhibiting the expression 
of related molecules through four main mechanisms 
(Table  2). Exosomes are smaller, less complex, easier 
to produce and store than their parent cells, and have 
no risk of tumor formation. However, exosomes play 
various roles during different stages of pancreatic dis-
eases, and current research has mainly focused on the 
complex signals involved in exosome-mediated func-
tional repair and tissue remodeling. We believe that 
research on exosomes should be longitudinal, mul-
tidimensional, and more extensive. Further investi-
gation is required to determine the potential pitfalls 
associated with the application of exosomes, especially 
safety, dose–response, and adverse effects. Therefore, 
research on exosomes is still in the initial stage, and 
further research is required before their future clinical 
applications.

Table 1 Application of exosomes in the diagnosis of pancreatic diseases

AP acute pancreatitis, CP chronic pancreatitis, PaCa pancreatic cancer, PAAF pancreatitis-associated ascitic fluid, PSC pancreatic stellate cell

Diseases Source Molecules Mechanism Years Ref

AP Plasma S100A8 S100A9 Triggered NFκB activation, TNFα 2022 [33]

PAAF Plasma miR High pro-inflammatory activity on macrophages 2019 [34]

CP Plasma miR High exosomal levels of miRNA-10b, miR-21, miR-30c, and miR-181a, and low levels of miR-
let7a

2017 [22]

PaCa Serum Protein miR Excellent sensitivity for PaCa versus CP 2015 [39]

PSC miR Stimulated the proliferation, migration, and expression of miRNAs for chemokine ligands 2017 [41]

Diabetes Urine Protein AQP5 and AQP2 were used to classify the clinical stages of diabetic nephropathy 2017 [51]

Urine miR miR-145 may represent a novel biomarker for diabetic complications 2013 [52]
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Conclusions
Pancreatic diseases are a serious threat to human 
health and have attracted research attention owing to 
their uncertain etiology and complex pathophysiol-
ogy. Exosomes are produced by endocytosis and can be 
secreted into extracellular vesicles, which participate 
in cell communication. Exosomes play a correspond-
ing role in the occurrence and development of diseases 
by regulating cell apoptosis, participating in immune 
regulation, and promoting angiogenesis, cell prolifera-
tion, and cell migration. In addition, the application of 
exosomes in the diagnosis of pancreatic diseases has 
become a focus of research. Herein, we summarized the 
research progress and future challenges associated with 
exosomes in the treatment and diagnosis of pancreatic 
diseases. Furthermore, the application of exosomes in 
pancreatic diseases may provide a sociological benefit 
in the future.

Abbreviations
AP: Acute pancreatitis; BMSC: Bone marrow mesenchymal stem cell; CP: 
Chronic pancreatitis; DC: Dendritic cell; DN: Diabetic nephropathy; HUVEC: 
Human umbilical vein endothelial cell; IL: Interleukin; miRNA: MicroRNA; 
NF-κB: Nuclear transcription factor-κB; NO: Nitric oxide; PAAF: Pancreatitis-
associated ascitic fluid; PaCa: Pancreatic cancer; PCS: Pancreatic stellate cell; 
PDAC: Pancreatic ductal adenocarcinoma; T1DM: Type-1 diabetes mellitus; 
TLR: Toll-like receptor; TNF: Tumor necrosis factor; VEGF: Vascular endothelial 
growth factor.

Acknowledgements
Not applicable.

Author contributions
LH, ZRZ, and KY contributed equally to this work. LH and ZRZ participated in 
the literature search, data interpretation, writing. LCZ, SPC, and SBZ partici-
pated in literature collection, data collation, and article framework construc-
tion. ZT and HJ participated in literature collection and data collation. KY, MX, 
and RWD participated in writing and critical revision. All authors read and 
approved the final manuscript.

Funding
The study was supported by grants from the Hospital Management of the 
General Hospital of Western Theater Command (2021-XZYG-B16), the Sichuan 
Science and Technology Program (2022YFS0195), the National Natural Science 
Foundation of China (82102506) and the General Hospital of Western Theater 
Command Research Project (2021-XZYG-B29). The funding body did not play 
any roles in the design of the study and collection, analysis, and interpretation 
of data and in writing the manuscript.

Availability of data and materials
Data and materials were available in the manuscript.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 General Surgery Center, General Hospital of Western Theater Command, 
Chengdu 610083, Sichuan Province, China. 2 College of Medicine, Southwest 
Jiaotong University, Chengdu 610031, China. 3 Department of Cardiovascular 
Surgery, General Hospital of Western Theater Command, Chengdu 610083, 
Sichuan Province, China. 4 College of Clinical Medicine Southwest, Medical 
University, Luzhou 646000, Sichuan Province, China. 

Received: 25 January 2022   Accepted: 22 March 2022

References
 1. Jia YC, Ding YX, Mei WT, Wang YT, Zheng Z, Qu YX, et al. Extracellular 

vesicles and pancreatitis: mechanisms, status and perspectives. Int J Biol 
Sci. 2021;17(2):549–61. https:// doi. org/ 10. 7150/ ijbs. 54858.

 2. Xiao AY, Tan ML, Wu LM, Asrani VM, Windsor JA, Yadav D, et al. Global 
incidence and mortality of pancreatic diseases: a systematic review, 
meta-analysis, and meta-regression of population-based cohort studies. 
Lancet Gastroenterol Hepatol. 2016;1(1):45–55. https:// doi. org/ 10. 1016/ 
s2468- 1253(16) 30004-8.

 3. Pendharkar SA, Mathew J, Petrov MS. Age- and sex-specific prevalence of 
diabetes associated with diseases of the exocrine pancreas: a population-
based study. Dig Liver Dis. 2017;49(5):540–4. https:// doi. org/ 10. 1016/j. dld. 
2016. 12. 010.

 4. Petrov MS, Yadav D. Global epidemiology and holistic prevention of 
pancreatitis. Nat Rev Gastroenterol Hepatol. 2019;16(3):175–84. https:// 
doi. org/ 10. 1038/ s41575- 018- 0087-5.

 5. Zeng QX, Wu ZH, Huang DL, Huang YS, Zhong HJ. Association between 
ascites and clinical findings in patients with acute pancreatitis: a ret-
rospective study. Med Sci Monit. 2021;27: e933196. https:// doi. org/ 10. 
12659/ msm. 933196.

 6. Debi U, Kaur R, Prasad KK, Sinha SK, Sinha A, Singh K. Pancreatic trauma: 
a concise review. World J Gastroenterol. 2013;19(47):9003–11. https:// doi. 
org/ 10. 3748/ wjg. v19. i47. 9003.

 7. Lowenfels AB, Maisonneuve P, Cavallini G, Ammann RW, Lankisch PG, 
Andersen JR, et al. Pancreatitis and the risk of pancreatic cancer. N Engl 
J Med. 1993;328(20):1433–7. https:// doi. org/ 10. 1056/ nejm1 99305 20328 
2001.

 8. Abulmeaty MMA, Aljuraiban GS, Alaidarous TA, Alkahtani NM. Body com-
position and the components of metabolic syndrome in type 2 diabetes: 
the roles of disease duration and glycemic control. Diabetes Metab Syndr 
Obes. 2020;13:1051–9. https:// doi. org/ 10. 2147/ dmso. S2488 42.

 9. Ruaux CG. Diagnostic approaches to acute pancreatitis. Clin Tech Small 
Anim Pract. 2003;18(4):245–9. https:// doi. org/ 10. 1016/ s1096- 2867(03) 
00072-0.

 10. Cochior D, Constantinoiu S. Factors involved in the pathogenesis of acute 
pancreatitis. Chirurgia (Bucur). 2010;105(4):445–53.

 11. Greenberg JA, Hsu J, Bawazeer M, Marshall J, Friedrich JO, Nathens A, et al. 
Clinical practice guideline: management of acute pancreatitis. Can J Surg. 
2016;59(2):128–40. https:// doi. org/ 10. 1503/ cjs. 015015.

 12. Grant TJ, Hua K, Singh A. Molecular pathogenesis of pancreatic cancer. 
Prog Mol Biol Transl Sci. 2016;144:241–75. https:// doi. org/ 10. 1016/ bs. 
pmbts. 2016. 09. 008.

 13. Liang C, Shi S, Meng Q, Liang D, Ji S, Zhang B, et al. Complex roles of the 
stroma in the intrinsic resistance to gemcitabine in pancreatic cancer: 
where we are and where we are going. Exp Mol Med. 2017;49(12):e406. 
https:// doi. org/ 10. 1038/ emm. 2017. 255.

 14. Zhao T, Sun F, Liu J, Ding T, She J, Mao F, et al. Emerging role of mesenchy-
mal stem cell-derived exosomes in regenerative medicine. Curr Stem Cell 
Res Ther. 2019;14(6):482–94. https:// doi. org/ 10. 2174/ 15748 88x14 66619 
02281 03230.

 15. El-Andaloussi S, Mäger I, Breakefield XO, Wood MJ. Extracellular vesicles: 
biology and emerging therapeutic opportunities. Nat Rev Drug Discov. 
2013;12(5):347–57. https:// doi. org/ 10. 1038/ nrd39 78.

 16. van Niel G, D’Angelo G, Raposo G. Shedding light on the cell biology of 
extracellular vesicles. Nat Rev Mol Cell Biol. 2018;19(4):213–28. https:// doi. 
org/ 10. 1038/ nrm. 2017. 125.

 17. Valadi H, Ekström K, Bossios A, Sjöstrand M, Lee JJ, Lötvall JO. Exosome-
mediated transfer of mRNAs and microRNAs is a novel mechanism of 

https://doi.org/10.7150/ijbs.54858
https://doi.org/10.1016/s2468-1253(16)30004-8
https://doi.org/10.1016/s2468-1253(16)30004-8
https://doi.org/10.1016/j.dld.2016.12.010
https://doi.org/10.1016/j.dld.2016.12.010
https://doi.org/10.1038/s41575-018-0087-5
https://doi.org/10.1038/s41575-018-0087-5
https://doi.org/10.12659/msm.933196
https://doi.org/10.12659/msm.933196
https://doi.org/10.3748/wjg.v19.i47.9003
https://doi.org/10.3748/wjg.v19.i47.9003
https://doi.org/10.1056/nejm199305203282001
https://doi.org/10.1056/nejm199305203282001
https://doi.org/10.2147/dmso.S248842
https://doi.org/10.1016/s1096-2867(03)00072-0
https://doi.org/10.1016/s1096-2867(03)00072-0
https://doi.org/10.1503/cjs.015015
https://doi.org/10.1016/bs.pmbts.2016.09.008
https://doi.org/10.1016/bs.pmbts.2016.09.008
https://doi.org/10.1038/emm.2017.255
https://doi.org/10.2174/1574888x14666190228103230
https://doi.org/10.2174/1574888x14666190228103230
https://doi.org/10.1038/nrd3978
https://doi.org/10.1038/nrm.2017.125
https://doi.org/10.1038/nrm.2017.125


Page 10 of 11Han et al. Stem Cell Research & Therapy          (2022) 13:153 

genetic exchange between cells. Nat Cell Biol. 2007;9(6):654–9. https:// 
doi. org/ 10. 1038/ ncb15 96.

 18. Li B, Cao Y, Sun M, Feng H. Expression, regulation, and function of 
exosome-derived miRNAs in cancer progression and therapy. FASEB J. 
2021;35(10):e21916. https:// doi. org/ 10. 1096/ fj. 20210 0294RR.

 19. Campos A, Sharma S, Obermair A, Salomon C. Extracellular vesicle-associ-
ated miRNAs and chemoresistance: a systematic review. Cancers (Basel). 
2021. https:// doi. org/ 10. 3390/ cance rs131 84608.

 20. Hussain S, Zahra Bokhari SE, Fan XX, Malik SI. The role of exosomes 
derived miRNAs in cancer. J Pak Med Assoc. 2021;71(7):1856–61. https:// 
doi. org/ 10. 47391/ jpma. 398.

 21. Nakamura S, Sadakari Y, Ohtsuka T, Okayama T, Nakashima Y, Gotoh Y, 
et al. Pancreatic juice exosomal microRNAs as biomarkers for detection of 
pancreatic ductal adenocarcinoma. Ann Surg Oncol. 2019;26(7):2104–11. 
https:// doi. org/ 10. 1245/ s10434- 019- 07269-z.

 22. Lai X, Wang M, McElyea SD, Sherman S, House M, Korc M. A microRNA sig-
nature in circulating exosomes is superior to exosomal glypican-1 levels 
for diagnosing pancreatic cancer. Cancer Lett. 2017;393:86–93. https:// 
doi. org/ 10. 1016/j. canlet. 2017. 02. 019.

 23. Ocansey DKW, Zhang L, Wang Y, Yan Y, Qian H, Zhang X, et al. Exosome-
mediated effects and applications in inflammatory bowel disease. Biol 
Rev Camb Philos Soc. 2020;95(5):1287–307. https:// doi. org/ 10. 1111/ brv. 
12608.

 24. Zheng X, Chen F, Zhang J, Zhang Q, Lin J. Exosome analysis: a promis-
ing biomarker system with special attention to saliva. J Membr Biol. 
2014;247(11):1129–36. https:// doi. org/ 10. 1007/ s00232- 014- 9717-1.

 25. Rezabakhsh A, Sokullu E, Rahbarghazi R. Applications, challenges 
and prospects of mesenchymal stem cell exosomes in regenerative 
medicine. Stem Cell Res Ther. 2021;12(1):521. https:// doi. org/ 10. 1186/ 
s13287- 021- 02596-z.

 26. Sun W, Li Z, Zhou X, Yang G, Yuan L. Efficient exosome delivery in refrac-
tory tissues assisted by ultrasound-targeted microbubble destruction. 
Drug Deliv. 2019;26(1):45–50. https:// doi. org/ 10. 1080/ 10717 544. 2018. 
15348 98.

 27. Liu WZ, Ma ZJ, Li JR, Kang XW. Mesenchymal stem cell-derived exosomes: 
therapeutic opportunities and challenges for spinal cord injury. Stem Cell 
Res Ther. 2021;12(1):102. https:// doi. org/ 10. 1186/ s13287- 021- 02153-8.

 28. Garcia-Contreras M, Ricordi C, Robbins PD, Oltra E. Exosomes in the 
pathogenesis, diagnosis and treatment of pancreatic diseases. CellR4 
Repair Replace Regen Reprogram. 2014;2(1):e807.

 29. Shanmuganathan M, Vughs J, Noseda M, Emanueli C. Exosomes: basic 
biology and technological advancements suggesting their potential as 
ischemic heart disease therapeutics. Front Physiol. 2018;9:1159. https:// 
doi. org/ 10. 3389/ fphys. 2018. 01159.

 30. Théry C, Amigorena S, Raposo G, Clayton A. Isolation and characterization 
of exosomes from cell culture supernatants and biological fluids. Curr 
Protoc Cell Biol. 2006. https:// doi. org/ 10. 1002/ 04711 43030. cb032 2s30.

 31. Patel GK, Khan MA, Zubair H, Srivastava SK, Khushman M, Singh S, et al. 
Comparative analysis of exosome isolation methods using culture super-
natant for optimum yield, purity and downstream applications. Sci Rep. 
2019;9(1):5335. https:// doi. org/ 10. 1038/ s41598- 019- 41800-2.

 32. Gandham S, Su X, Wood J, Nocera AL, Alli SC, Milane L, et al. Technologies 
and standardization in research on extracellular vesicles. Trends Biotech-
nol. 2020;38(10):1066–98. https:// doi. org/ 10. 1016/j. tibte ch. 2020. 05. 012.

 33. Carrascal M, Areny-Balagueró A, de Madaria E, Cárdenas-Jaén K, García-
Rayado G, Rivera R, et al. Inflammatory capacity of exosomes released in 
the early stages of acute pancreatitis predicts the severity of the disease. J 
Pathol. 2022;256(1):83–92. https:// doi. org/ 10. 1002/ path. 5811.

 34. Jiménez-Alesanco A, Marcuello M, Pastor-Jiménez M, López-Puerto L, 
Bonjoch L, Gironella M, et al. Acute pancreatitis promotes the generation 
of two different exosome populations. Sci Rep. 2019;9(1):19887. https:// 
doi. org/ 10. 1038/ s41598- 019- 56220-5.

 35. Blenkiron C, Askelund KJ, Shanbhag ST, Chakraborty M, Petrov MS, Dela-
hunt B, et al. MicroRNAs in mesenteric lymph and plasma during acute 
pancreatitis. Ann Surg. 2014;260(2):341–7. https:// doi. org/ 10. 1097/ sla. 
00000 00000 000447.

 36. Issa Y, Bruno MJ, Bakker OJ, Besselink MG, Schepers NJ, van Santvoort HC, 
et al. Treatment options for chronic pancreatitis. Nat Rev Gastroenterol 
Hepatol. 2014;11(9):556–64. https:// doi. org/ 10. 1038/ nrgas tro. 2014. 74.

 37. Yang S, Che SP, Kurywchak P, Tavormina JL, Gansmo LB, Correa de 
Sampaio P, et al. Detection of mutant KRAS and TP53 DNA in circulating 

exosomes from healthy individuals and patients with pancreatic cancer. 
Cancer Biol Ther. 2017;18(3):158–65. https:// doi. org/ 10. 1080/ 15384 047. 
2017. 12814 99.

 38. Wang H, Rana S, Giese N, Büchler MW, Zöller M. Tspan8, CD44v6 and 
alpha6beta4 are biomarkers of migrating pancreatic cancer-initiating 
cells. Int J Cancer. 2013;133(2):416–26. https:// doi. org/ 10. 1002/ ijc. 28044.

 39. Madhavan B, Yue S, Galli U, Rana S, Gross W, Müller M, et al. Combined 
evaluation of a panel of protein and miRNA serum-exosome biomarkers 
for pancreatic cancer diagnosis increases sensitivity and specificity. Int J 
Cancer. 2015;136(11):2616–27. https:// doi. org/ 10. 1002/ ijc. 29324.

 40. Adamczyk KA, Klein-Scory S, Tehrani MM, Warnken U, Schmiegel W, 
Schnölzer M, et al. Characterization of soluble and exosomal forms of the 
EGFR released from pancreatic cancer cells. Life Sci. 2011;89(9–10):304–
12. https:// doi. org/ 10. 1016/j. lfs. 2011. 06. 020.

 41. Takikawa T, Masamune A, Yoshida N, Hamada S, Kogure T, Shimosegawa T. 
Exosomes derived from pancreatic stellate cells: microRNA signature and 
effects on pancreatic cancer cells. Pancreas. 2017;46(1):19–27. https:// doi. 
org/ 10. 1097/ mpa. 00000 00000 000722.

 42. Lee TH, D’Asti E, Magnus N, Al-Nedawi K, Meehan B, Rak J. Microvesicles 
as mediators of intercellular communication in cancer–the emerging sci-
ence of cellular “debris.” Semin Immunopathol. 2011;33(5):455–67. https:// 
doi. org/ 10. 1007/ s00281- 011- 0250-3.

 43. Shao H, Chung J, Balaj L, Charest A, Bigner DD, Carter BS, et al. Protein 
typing of circulating microvesicles allows real-time monitoring of 
glioblastoma therapy. Nat Med. 2012;18(12):1835–40. https:// doi. org/ 10. 
1038/ nm. 2994.

 44. Zech D, Rana S, Büchler MW, Zöller M. Tumor-exosomes and leukocyte 
activation: an ambivalent crosstalk. Cell Commun Signal. 2012;10(1):37. 
https:// doi. org/ 10. 1186/ 1478- 811x- 10- 37.

 45. Parolini I, Federici C, Raggi C, Lugini L, Palleschi S, De Milito A, et al. Micro-
environmental pH is a key factor for exosome traffic in tumor cells. J Biol 
Chem. 2009;284(49):34211–22. https:// doi. org/ 10. 1074/ jbc. M109. 041152.

 46. Smyth TJ, Redzic JS, Graner MW, Anchordoquy TJ. Examination of the 
specificity of tumor cell derived exosomes with tumor cells in vitro. 
Biochim Biophys Acta. 2014;1838(11):2954–65. https:// doi. org/ 10. 1016/j. 
bbamem. 2014. 07. 026.

 47. Tickner JA, Urquhart AJ, Stephenson SA, Richard DJ, O’Byrne KJ. Functions 
and therapeutic roles of exosomes in cancer. Front Oncol. 2014;4:127. 
https:// doi. org/ 10. 3389/ fonc. 2014. 00127.

 48. Wendler F, Bota-Rabassedas N, Franch-Marro X. Cancer becomes waste-
ful: emerging roles of exosomes(†) in cell-fate determination. J Extracell 
Vesicles. 2013;2:1. https:// doi. org/ 10. 3402/ jev. v2i0. 22390.

 49. Freeman DW, Noren Hooten N, Eitan E, Green J, Mode NA, Bodogai M, 
et al. Altered extracellular vesicle concentration, cargo, and function 
in diabetes. Diabetes. 2018;67(11):2377–88. https:// doi. org/ 10. 2337/ 
db17- 1308.

 50. Zubiri I, Posada-Ayala M, Benito-Martin A, Maroto AS, Martin-Lorenzo M, 
Cannata-Ortiz P, et al. Kidney tissue proteomics reveals regucalcin down-
regulation in response to diabetic nephropathy with reflection in urinary 
exosomes. Transl Res. 2015;166(5):474-484.e4. https:// doi. org/ 10. 1016/j. 
trsl. 2015. 05. 007.

 51. Rossi L, Nicoletti MC, Carmosino M, Mastrofrancesco L, Di Franco A, Indrio 
F, et al. Urinary excretion of kidney aquaporins as possible diagnostic 
biomarker of diabetic nephropathy. J Diabetes Res. 2017;2017:4360357. 
https:// doi. org/ 10. 1155/ 2017/ 43603 57.

 52. Barutta F, Tricarico M, Corbelli A, Annaratone L, Pinach S, Grimaldi S, et al. 
Urinary exosomal microRNAs in incipient diabetic nephropathy. PLoS 
ONE. 2013;8(11):e73798. https:// doi. org/ 10. 1371/ journ al. pone. 00737 98.

 53. Thorburn A. Apoptosis and autophagy: regulatory connections between 
two supposedly different processes. Apoptosis. 2008;13(1):1–9. https:// 
doi. org/ 10. 1007/ s10495- 007- 0154-9.

 54. Zhao G, Ge Y, Zhang C, Zhang L, Xu J, Qi L, et al. Progress of mesen-
chymal stem cell-derived exosomes in tissue repair. Curr Pharm Des. 
2020;26(17):2022–37. https:// doi. org/ 10. 2174/ 13816 12826 66620 04201 
44805.

 55. Li X, Yang Z. Regulatory effect of exosome on cell apoptosis. Zhong Nan 
Da Xue Xue Bao Yi Xue Ban. 2017;42(2):215–20. https:// doi. org/ 10. 11817/j. 
issn. 1672- 7347. 2017. 02. 016.

 56. Zhao Y, Wang H, Lu M, Qiao X, Sun B, Zhang W, et al. Pancreatic acinar cells 
employ mirnas as mediators of intercellular communication to participate 

https://doi.org/10.1038/ncb1596
https://doi.org/10.1038/ncb1596
https://doi.org/10.1096/fj.202100294RR
https://doi.org/10.3390/cancers13184608
https://doi.org/10.47391/jpma.398
https://doi.org/10.47391/jpma.398
https://doi.org/10.1245/s10434-019-07269-z
https://doi.org/10.1016/j.canlet.2017.02.019
https://doi.org/10.1016/j.canlet.2017.02.019
https://doi.org/10.1111/brv.12608
https://doi.org/10.1111/brv.12608
https://doi.org/10.1007/s00232-014-9717-1
https://doi.org/10.1186/s13287-021-02596-z
https://doi.org/10.1186/s13287-021-02596-z
https://doi.org/10.1080/10717544.2018.1534898
https://doi.org/10.1080/10717544.2018.1534898
https://doi.org/10.1186/s13287-021-02153-8
https://doi.org/10.3389/fphys.2018.01159
https://doi.org/10.3389/fphys.2018.01159
https://doi.org/10.1002/0471143030.cb0322s30
https://doi.org/10.1038/s41598-019-41800-2
https://doi.org/10.1016/j.tibtech.2020.05.012
https://doi.org/10.1002/path.5811
https://doi.org/10.1038/s41598-019-56220-5
https://doi.org/10.1038/s41598-019-56220-5
https://doi.org/10.1097/sla.0000000000000447
https://doi.org/10.1097/sla.0000000000000447
https://doi.org/10.1038/nrgastro.2014.74
https://doi.org/10.1080/15384047.2017.1281499
https://doi.org/10.1080/15384047.2017.1281499
https://doi.org/10.1002/ijc.28044
https://doi.org/10.1002/ijc.29324
https://doi.org/10.1016/j.lfs.2011.06.020
https://doi.org/10.1097/mpa.0000000000000722
https://doi.org/10.1097/mpa.0000000000000722
https://doi.org/10.1007/s00281-011-0250-3
https://doi.org/10.1007/s00281-011-0250-3
https://doi.org/10.1038/nm.2994
https://doi.org/10.1038/nm.2994
https://doi.org/10.1186/1478-811x-10-37
https://doi.org/10.1074/jbc.M109.041152
https://doi.org/10.1016/j.bbamem.2014.07.026
https://doi.org/10.1016/j.bbamem.2014.07.026
https://doi.org/10.3389/fonc.2014.00127
https://doi.org/10.3402/jev.v2i0.22390
https://doi.org/10.2337/db17-1308
https://doi.org/10.2337/db17-1308
https://doi.org/10.1016/j.trsl.2015.05.007
https://doi.org/10.1016/j.trsl.2015.05.007
https://doi.org/10.1155/2017/4360357
https://doi.org/10.1371/journal.pone.0073798
https://doi.org/10.1007/s10495-007-0154-9
https://doi.org/10.1007/s10495-007-0154-9
https://doi.org/10.2174/1381612826666200420144805
https://doi.org/10.2174/1381612826666200420144805
https://doi.org/10.11817/j.issn.1672-7347.2017.02.016
https://doi.org/10.11817/j.issn.1672-7347.2017.02.016


Page 11 of 11Han et al. Stem Cell Research & Therapy          (2022) 13:153  

in the regulation of pancreatitis-associated macrophage activation. Media-
tors Inflamm. 2016;2016:6340457. https:// doi. org/ 10. 1155/ 2016/ 63404 57.

 57. Sun Y, Shi H, Yin S, Ji C, Zhang X, Zhang B, et al. Human mesenchymal 
stem cell derived exosomes alleviate type 2 diabetes mellitus by reversing 
peripheral insulin resistance and relieving β-cell destruction. ACS Nano. 
2018;12(8):7613–28. https:// doi. org/ 10. 1021/ acsna no. 7b076 43.

 58. Ding Y, Cao F, Sun H, Wang Y, Liu S, Wu Y, et al. Exosomes derived from 
human umbilical cord mesenchymal stromal cells deliver exogenous miR-
145-5p to inhibit pancreatic ductal adenocarcinoma progression. Cancer 
Lett. 2019;442:351–61. https:// doi. org/ 10. 1016/j. canlet. 2018. 10. 039.

 59. Zuo L, Tao H, Xu H, Li C, Qiao G, Guo M, et al. Exosomes-coated miR-34a 
displays potent antitumor activity in pancreatic cancer both in vitro and 
in vivo. Drug Des Dev Ther. 2020;14:3495–507. https:// doi. org/ 10. 2147/ dddt. 
S2654 23.

 60. Zhou Y, Wang X, Sun L, Zhou L, Ma TC, Song L, et al. Toll-like receptor 
3-activated macrophages confer anti-HCV activity to hepatocytes through 
exosomes. FASEB J. 2016;30(12):4132–40. https:// doi. org/ 10. 1096/ fj. 20160 
0696R.

 61. Beninson LA, Fleshner M. Exosomes: an emerging factor in stress-induced 
immunomodulation. Semin Immunol. 2014;26(5):394–401. https:// doi. org/ 
10. 1016/j. smim. 2013. 12. 001.

 62. Gastpar R, Gehrmann M, Bausero MA, Asea A, Gross C, Schroeder JA, et al. 
Heat shock protein 70 surface-positive tumor exosomes stimulate migratory 
and cytolytic activity of natural killer cells. Cancer Res. 2005;65(12):5238–47. 
https:// doi. org/ 10. 1158/ 0008- 5472. Can- 04- 3804.

 63. Tian J, Cui X, Sun J, Zhang J. Exosomal microRNA-16-5p from adipose mes-
enchymal stem cells promotes TLR4-mediated M2 macrophage polarization 
in septic lung injury. Int Immunopharmacol. 2021;98:107835. https:// doi. 
org/ 10. 1016/j. intimp. 2021. 107835.

 64. Pritchard A, Tousif S, Wang Y, Hough K, Khan S, Strenkowski J, et al. Lung 
tumor cell-derived exosomes promote M2 macrophage polarization. Cells. 
2020;9(5):1. https:// doi. org/ 10. 3390/ cells 90513 03.

 65. Chiu S, Bharat A. Role of monocytes and macrophages in regulating 
immune response following lung transplantation. Curr Opin Organ Trans-
plant. 2016;21(3):239–45. https:// doi. org/ 10. 1097/ mot. 00000 00000 000313.

 66. Pesu M. T-helper cells-bandleaders of immune response. Duodecim. 
2010;126(18):2179–87.

 67. Gilligan KE, Dwyer RM. Extracellular vesicles for cancer therapy: impact of 
host immune response. Cells. 2020. https:// doi. org/ 10. 3390/ cells 90102 24.

 68. Fan L, Dong J, He X, Zhang C, Zhang T. Bone marrow mesenchymal stem 
cells-derived exosomes reduce apoptosis and inflammatory response 
during spinal cord injury by inhibiting the TLR4/MyD88/NF-κB signaling 
pathway. Hum Exp Toxicol. 2021;40(10):1612–23. https:// doi. org/ 10. 1177/ 
09603 27121 10033 11.

 69. Zhou M, Chen J, Zhou L, Chen W, Ding G, Cao L. Pancreatic cancer derived 
exosomes regulate the expression of TLR4 in dendritic cells via miR-203. Cell 
Immunol. 2014;292(1–2):65–9. https:// doi. org/ 10. 1016/j. celli mm. 2014. 09. 
004.

 70. Nojehdehi S, Soudi S, Hesampour A, Rasouli S, Soleimani M, Hashemi 
SM. Immunomodulatory effects of mesenchymal stem cell-derived 
exosomes on experimental type-1 autoimmune diabetes. J Cell Biochem. 
2018;119(11):9433–43. https:// doi. org/ 10. 1002/ jcb. 27260.

 71. Olejarz W, Kubiak-Tomaszewska G, Chrzanowska A, Lorenc T. Exosomes 
in angiogenesis and anti-angiogenic therapy in cancers. Int J Mol Sci. 
2020;21(16):1. https:// doi. org/ 10. 3390/ ijms2 11658 40.

 72. Komaki M, Numata Y, Morioka C, Honda I, Tooi M, Yokoyama N, et al. 
Exosomes of human placenta-derived mesenchymal stem cells stimulate 
angiogenesis. Stem Cell Res Ther. 2017;8(1):219. https:// doi. org/ 10. 1186/ 
s13287- 017- 0660-9.

 73. Huang JH, Xu Y, Yin XM, Lin FY. Exosomes derived from miR-126-modified 
MSCs promote angiogenesis and neurogenesis and attenuate apoptosis 
after spinal cord injury in rats. Neuroscience. 2020;424:133–45. https:// doi. 
org/ 10. 1016/j. neuro scien ce. 2019. 10. 043.

 74. Ohyashiki JH, Umezu T, Ohyashiki K. Exosomes promote bone marrow angi-
ogenesis in hematologic neoplasia: the role of hypoxia. Curr Opin Hematol. 
2016;23(3):268–73. https:// doi. org/ 10. 1097/ moh. 00000 00000 000235.

 75. Zhang B, Wu X, Zhang X, Sun Y, Yan Y, Shi H, et al. Human umbilical cord 
mesenchymal stem cell exosomes enhance angiogenesis through the 
Wnt4/β-catenin pathway. Stem Cells Transl Med. 2015;4(5):513–22. https:// 
doi. org/ 10. 5966/ sctm. 2014- 0267.

 76. Pakravan K, Babashah S, Sadeghizadeh M, Mowla SJ, Mossahebi-Moham-
madi M, Ataei F, et al. MicroRNA-100 shuttled by mesenchymal stem cell-
derived exosomes suppresses in vitro angiogenesis through modulating 
the mTOR/HIF-1α/VEGF signaling axis in breast cancer cells. Cell Oncol 
(Dordr). 2017;40(5):457–70. https:// doi. org/ 10. 1007/ s13402- 017- 0335-7.

 77. Xie JY, Wei JX, Lv LH, Han QF, Yang WB, Li GL, et al. Angiopoietin-2 induces 
angiogenesis via exosomes in human hepatocellular carcinoma. Cell Com-
mun Signal. 2020;18(1):46. https:// doi. org/ 10. 1186/ s12964- 020- 00535-8.

 78. Zhang C, Zhang C, Xu Y, Li C, Cao Y, Li P. Exosomes derived from human 
placenta-derived mesenchymal stem cells improve neurologic func-
tion by promoting angiogenesis after spinal cord injury. Neurosci Lett. 
2020;739:135399. https:// doi. org/ 10. 1016/j. neulet. 2020. 135399.

 79. Li X, Jiang C, Zhao J. Human endothelial progenitor cells-derived exosomes 
accelerate cutaneous wound healing in diabetic rats by promoting 
endothelial function. J Diabetes Complic. 2016;30(6):986–92. https:// doi. org/ 
10. 1016/j. jdiac omp. 2016. 05. 009.

 80. Han W, Sulidankazha Q, Nie X, Yilidan R, Len K. Pancreatic cancer cells-
derived exosomal long non-coding RNA CCAT1/microRNA-138-5p/HMGA1 
axis promotes tumor angiogenesis. Life Sci. 2021;278:119495. https:// doi. 
org/ 10. 1016/j. lfs. 2021. 119495.

 81. Chen MY, Wang QG, Fan YJ. Research progress in promotion of tissue regen-
eration and reconstruction with exosomes derived from mesenchymal 
stem cells. Sichuan Da Xue Xue Bao Yi Xue Ban. 2021;52(3):380–6. https:// 
doi. org/ 10. 12182/ 20210 560503.

 82. Fang Y, Zhang Y, Zhou J, Cao K. Adipose-derived mesenchymal stem 
cell exosomes: a novel pathway for tissues repair. Cell Tissue Bank. 
2019;20(2):153–61. https:// doi. org/ 10. 1007/ s10561- 019- 09761-y.

 83. Jing H, He X, Zheng J. Exosomes and regenerative medicine: state of the art 
and perspectives. Transl Res. 2018;196:1–16. https:// doi. org/ 10. 1016/j. trsl. 
2018. 01. 005.

 84. Basu J, Ludlow JW. Exosomes for repair, regeneration and rejuvenation. 
Expert Opin Biol Ther. 2016;16(4):489–506. https:// doi. org/ 10. 1517/ 14712 
598. 2016. 11319 76.

 85. Bellavia D, Raimondo S, Calabrese G, Forte S, Cristaldi M, Patinella A, et al. 
Interleukin 3-receptor targeted exosomes inhibit in vitro and in vivo Chronic 
Myelogenous Leukemia cell growth. Theranostics. 2017;7(5):1333–45. 
https:// doi. org/ 10. 7150/ thno. 17092.

 86. Lan J, Sun L, Xu F, Liu L, Hu F, Song D, et al. M2 Macrophage-derived 
exosomes promote cell migration and invasion in colon cancer. Cancer Res. 
2019;79(1):146–58. https:// doi. org/ 10. 1158/ 0008- 5472. Can- 18- 0014.

 87. Ding Y, Mei W, Zheng Z, Cao F, Liang K, Jia Y, et al. Exosomes secreted 
from human umbilical cord mesenchymal stem cells promote pancreatic 
ductal adenocarcinoma growth by transferring miR-100-5p. Tissue Cell. 
2021;73:101623. https:// doi. org/ 10. 1016/j. tice. 2021. 101623.

 88. Wang J, Yi Y, Zhu Y, Wang Z, Wu S, Zhang J, et al. Effects of adipose-derived 
stem cell released exosomes on wound healing in diabetic mice. Zhongguo 
Xiu Fu Chong Jian Wai Ke Za Zhi. 2020;34(1):124–31. https:// doi. org/ 10. 
7507/ 1002- 1892. 20190 3058.

 89. Xin L, Gao J, Wang D, Lin JH, Liao Z, Ji JT, et al. Novel blood-based micro-
RNA biomarker panel for early diagnosis of chronic pancreatitis. Sci Rep. 
2017;7:40019. https:// doi. org/ 10. 1038/ srep4 0019.

 90. Liu T, Zhang X, Gao S, Jing F, Yang Y, Du L, et al. Exosomal long noncoding 
RNA CRNDE-h as a novel serum-based biomarker for diagnosis and progno-
sis of colorectal cancer. Oncotarget. 2016;7(51):85551–63. https:// doi. org/ 10. 
18632/ oncot arget. 13465.

 91. Li Y, Zheng Q, Bao C, Li S, Guo W, Zhao J, et al. Circular RNA is enriched and 
stable in exosomes: a promising biomarker for cancer diagnosis. Cell Res. 
2015;25(8):981–4. https:// doi. org/ 10. 1038/ cr. 2015. 82.

 92. Lewis JM, Vyas AD, Qiu Y, Messer KS, White R, Heller MJ. Integrated analysis 
of exosomal protein biomarkers on alternating current electrokinetic chips 
enables rapid detection of pancreatic cancer in patient blood. ACS Nano. 
2018;12(4):3311–20. https:// doi. org/ 10. 1021/ acsna no. 7b081 99.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1155/2016/6340457
https://doi.org/10.1021/acsnano.7b07643
https://doi.org/10.1016/j.canlet.2018.10.039
https://doi.org/10.2147/dddt.S265423
https://doi.org/10.2147/dddt.S265423
https://doi.org/10.1096/fj.201600696R
https://doi.org/10.1096/fj.201600696R
https://doi.org/10.1016/j.smim.2013.12.001
https://doi.org/10.1016/j.smim.2013.12.001
https://doi.org/10.1158/0008-5472.Can-04-3804
https://doi.org/10.1016/j.intimp.2021.107835
https://doi.org/10.1016/j.intimp.2021.107835
https://doi.org/10.3390/cells9051303
https://doi.org/10.1097/mot.0000000000000313
https://doi.org/10.3390/cells9010224
https://doi.org/10.1177/09603271211003311
https://doi.org/10.1177/09603271211003311
https://doi.org/10.1016/j.cellimm.2014.09.004
https://doi.org/10.1016/j.cellimm.2014.09.004
https://doi.org/10.1002/jcb.27260
https://doi.org/10.3390/ijms21165840
https://doi.org/10.1186/s13287-017-0660-9
https://doi.org/10.1186/s13287-017-0660-9
https://doi.org/10.1016/j.neuroscience.2019.10.043
https://doi.org/10.1016/j.neuroscience.2019.10.043
https://doi.org/10.1097/moh.0000000000000235
https://doi.org/10.5966/sctm.2014-0267
https://doi.org/10.5966/sctm.2014-0267
https://doi.org/10.1007/s13402-017-0335-7
https://doi.org/10.1186/s12964-020-00535-8
https://doi.org/10.1016/j.neulet.2020.135399
https://doi.org/10.1016/j.jdiacomp.2016.05.009
https://doi.org/10.1016/j.jdiacomp.2016.05.009
https://doi.org/10.1016/j.lfs.2021.119495
https://doi.org/10.1016/j.lfs.2021.119495
https://doi.org/10.12182/20210560503
https://doi.org/10.12182/20210560503
https://doi.org/10.1007/s10561-019-09761-y
https://doi.org/10.1016/j.trsl.2018.01.005
https://doi.org/10.1016/j.trsl.2018.01.005
https://doi.org/10.1517/14712598.2016.1131976
https://doi.org/10.1517/14712598.2016.1131976
https://doi.org/10.7150/thno.17092
https://doi.org/10.1158/0008-5472.Can-18-0014
https://doi.org/10.1016/j.tice.2021.101623
https://doi.org/10.7507/1002-1892.201903058
https://doi.org/10.7507/1002-1892.201903058
https://doi.org/10.1038/srep40019
https://doi.org/10.18632/oncotarget.13465
https://doi.org/10.18632/oncotarget.13465
https://doi.org/10.1038/cr.2015.82
https://doi.org/10.1021/acsnano.7b08199

	Application of exosomes in the diagnosis and treatment of pancreatic diseases
	Abstract 
	Background
	Exosomes: biology, identification, and isolation
	Application of exosomes in the diagnosis of pancreatic diseases
	Diagnosis of AP
	Diagnosis of CP
	Diagnosis of PaCa
	Diagnosis of diabetes and its complications

	Application of exosomes in the treatment of pancreatic diseases
	Exosome-based treatment via apoptosis regulation
	Exosome-based treatment via immune regulation
	Exosome-based treatment in angiogenesis
	Exosome-based treatment by improving cell migration and proliferation

	Summary and prospects
	Conclusions
	Acknowledgements
	References


