ISSN 2079-8334. Céim meouyunu ma odionozii. 2024. Ne 4 (90)

DOI 10.26724/2079-8334-2024-4-90-245-252
UDC 616.37-002-08

S.Yu. Hasanova
Azerbaijan State Advanced Training Institute for Doctors named after A. Aliyev, Baku, Azerbaijan

USE OF STEM CELLS IN ACUTE PANCREATITIS

e-mail: surgeon-scientist@mail.ru

Acute pancreatitis carries a significant disease burden with no definite treatment. They are associated with local and
systemic inflammation and lead to numerous complications. Stem cell therapy has been explored for treating other diseases and
has gained momentum due to its implications for acute and chronic pancreatitis. Stem cell therapy not only has the potential to aid
regeneration but can also prevent pancreatic injury to other organs along with the resultant complications. Stem cells appear to
have immunomodulatory properties and clinical potential, as evidenced by numerous studies conducted on animal models. A
literature search on the treatment of acute pancreatitis with stem cells was performed in various sections of the Internet. A search
was conducted on the Web of Science, Elsevier Science Inc., Scopus, Cochrane Central Register of Controlled Trials, Medline,
Pubmed, Google Scholar, etc. by keywords: acute pancreatitis, MSCs, stromal cells, pathogenesis, endogenous intoxication,
hemostasis, lipoperoxidation. A theoretical analysis of the data from the reviewed articles was carried out. This review discusses
commonly used stem cells and their respective properties that show promise for treating pancreatitis. The use of stem cells in
medicine is at a preclinical level. Many experiments are carried out on animals, mainly rats. However, stem cells can not only
accelerate the restoration of the organ but also degenerate into tumor neoplasms. Therefore, further study of their behavior is
necessary, including in treating pancreatitis, a common disease that leads to a significant deterioration or blocking of the breakdown
of nutrients in the small intestine and the endocrine function of the pancreas. The article provides a detailed analysis of the results
of using stem cells to treat pancreatitis. The analysis of the main trends in the treatment of pancreatitis with stem cells is carried
out and the immediate prospects for the introduction of new technologies in the field of clinical research are identified.
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C.1O. I'acanoBa
3ACTOCYBAHHSA CTOBEYPOBUX KJITHUH ITPU TOCTPOMY ITAHKPEATUTI

TocTpi mHaHKpEaTUTH € 3HAYHUM TArapeM 3axBOPIOBaHb, SKi HE MalOTh OJHO3HAYHOIO JIIKyBaHHSA. BoHn
CYHPOBOJDKYIOTBCSI MICLIEBHM Ta CHCTEMHHUM 3allalieHHSIM 1 MPU3BOASATH J0 YMCICHHHUX YCKJIaJHEHb. Teparisi CTOBOYPOBHMH
KIiTHHaMH OyJla DOCTIJDKEHA JUIsl JIIKYBaHHS IHIIMX 3aXBOPIOBaHb 1 HaOyia MOIIMPEHHS 3aBASKH CBOIM MOJJIMBOCTSIM IJIS
JIKyBaHHS TOCTPOTO Ta XPOHIYHOTO MaHKpeaTuTy. Teparmis cTOBOypOBUMH KIITHHAMH MO>KE HE TUTBKH CIPHUSATH pereHeparii, ane
1 3a1100IIr TH MOIIKODKEHHIO i IIUTYHKOBOT 3aJI03H, IHIIMX OPraHiB Ta MOB'SI3aHUX 3 UM ycKiIaaHeHb. CTOBOYPOBi KIIITUHH MalOTh
IMyHOMO/IYJTIOIOWi BJIACTUBOCTI Ta KIIHIYHMH HMOTEHIIaJ, PO IO CBigYaTh YUCIEHHI TOCIIHKEHHS, IPOBEAEHI Ha TBApHHHHUX
MoJensiX. byio nmpoBeeHo MOmIyK JiTepaTypH 3 TiKyBaHHS TOCTPOTO MAaHKPEATUTY CTOBOYPOBUMH KITITHHAMH Y Pi3HUX PO3ILTaX
Inrepuery. [IpoBeneno mouryk 3a 6azamu Web of Science, Elsevier Science Inc., Scopus, Cochrane Central Register of Controlled
Trials, Medline, Pubmed, Google Shcolar, etc. 3a kmo4oBrMMHU cioBamu: roctpuii nankpeatur, MCK, cTpoMaiibHi KIIITHHH,
MaToreHe3, €HAOT€HHA IHTOKCHKAIis, TeMOCTa3, JIMOMEpiOKHCIeHH. [IpoBeeHO TEOpeTHYHM aHalli3 JaHWX CTaTed, IO
peLEeH3YIOTbCS. Y JaHOMy OIS PO3MIISLAAIOTHCS INUPOKO BHKOPHCTOBYBAHI CTOBOYpPOBI KIITHHHM Ta IX BJIAaCTHUBOCTI,
MEepCIICKTUBHI JUIS JIIKYBAaHHS IaHKpeaTUTy. BukopucTaHHs cTOBOYpOBUX KIITHH y MEIUIMHI 3HAXOIWUTHCS HA JOKIIHITHOMY
piBHI. Bararo excriepruMeHTIB IPOBOAATHCS Ha TBapHWHAX, MIEPEBAKHO Ha mIypax. OmHAK cTOBOYPOBI KIITHHH MOXKYTh HE TUIBKH
MPUCKOPIOBATH BIJHOBJICHHS OpraHy, a il epepo/KyBaTHCh Y IyXJIMHHI HOBOYTBOpeHHs. ToMy HE0OXiIHO IoJalIbIllie BUBUCHHS
1XHBOI TOBENIHKH, Y TOMY YHCII IIPU JIKyBaHHI ITAHKPEATHTy — IOMIMPEHOTO 3aXBOPIOBAHHS, K€ MPU3BOAUTH O 3HAYHOTO
noripiieHHst 200 6JIOKyBaHHS PO3MICIUICHHS NOXKUBHUX PEUYOBHUH y TOHKOMY KUIICYHUKY Ta CHAOKPHHHIHM (QYHKIIT IMiAIUTYHKOBOL
3aJ03u. Y CTaTTi MOJAHO JMOKJIAIHWH aHali3 pe3yibTaTiB BUKOPHUCTAHHS CTOBOYPOBMX KIITHH Yy JIIKyBaHHI ITaHKPEATHTY.
IIpoBeneHo anami3 OCHOBHUX TEHJCHIIH y JKyBaHHI ITaHKpEAaTHTy CTOBOYPOBMMH KIITHHAMHM Ta BH3HAa4€HO HaHOIMKdi
MEPCIICKTUBY BIIPOBA/KCHHS HOBUX TE€XHOJIOTIH Y Taly3b KITHIYHUX OCITIHKEHb.

KarouoBi cioBa: rocTpuil IaHKpeaTHT, CTPOMalbHI KIIITHHH, NAaTOr€HE3, €HJOreHHa IHTOKCHKAIlis, remMocTas,
JIITONIePiOKNCHEHHSI.

Stem cell therapy has been considered for the treatment of many intractable diseases. MSCs are
adult stem cells primarily isolated from bone marrow [12]. MSCs can self-renew and undergo multilineage
differentiation [12]. According to the definition provided by the International Society for Cell Therapy,
MSCs are characterized as plastic-adherent in standard culture conditions and can be differentiated in vitro
into osteoblasts, chondroblasts, and adipocytes [13—15]. MSCs express specific surface markers, such as
CD105, CD90, and CD73, but do not express CD45, CD34, CD14, CD11b, CD79 alpha, CD19, or HLA-
DR. MSC-like cells have been isolated from other tissues, including the human placenta [16], peripheral
blood [17], umbilical cord [18], adipose tissue [19], endometrium [20], and pancreas [12, 21, 22]. MSCs
have been used to treat wound injury and acute inflammation because they engraft into wounds and
contribute to the remodelling of injured tissues [12, 15]. MSCs reduce the acute inflammatory response via
their immunomodulatory effect by secreting anti-inflammatory cytokines, suppressing proinflammatory
cytokines, and regulating immune cell activation [23-25]. MSCs suppress T cell proliferation and B cell
maturation and activate regulatory T cells to suppress the immune response in vitro further [26, 27]. MSCs
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decrease chronic inflammation and subsequent fibrosis via multiple mechanisms, including the
downregulation of the expression of TGF-f1, a major regulator of chronic inflammation and fibrosis [28,
29]. MSCs also attenuate local hypoxia and oxidative stress [30, 31]. MSCs decrease the secretion of
collagen, which is the main constituent of the extracellular matrix (ECM), to ameliorate the excessive
secretion of the ECM and its degradation during fibrosis [32, 33]. MSCs exert their immunosuppressive
effect by decreasing the levels of anti-inflammatory cytokines and inhibiting the production of
immunoglobulins and active immune cells [24, 25]. Furthermore, MSCs have been shown to specifically
translocate to injured tissues and induce angiogenesis in ischemic tissues [26—30]. Given these advantages,
MSCs are promising candidates for cell replacement therapy for tissue inflammation. in vitro into
osteoblasts, chondroblasts, and adipocytes [13—15]. MSCs express specific stem cells primarily isolated
from bone marrow [12]. MSCs can self-renew and undergo multilineage.

The incidence of acute pancreatitis (AP) is marked by increased annual morbidity, the
polyetiological nature of the disease, the complexity of the pathogenetic mechanism, and the high mortality
rate. Despite improvements in medicine, there has been no visible progress towards solving the problem
[1, 2]. However, a detailed study of the pathogenetic processes of AP is needed. It is important to note that
the leading cause of fatal outcomes of patients with AP is toxic lesions of vital organs and systems as a
result of the formation of a systemic inflammatory response and endotoxemia, on the one hand, and
inhibition of the functional potential of the detoxification system, on the other hand. This often occurs
during the use of standard treatment and clinical reduction of the inflammatory process [3, 4]. Scientific
interest in effective methods of therapy for patients with AP does not wane. The problem of improving the
results of treatment of patients with destructive forms of pathology, the lethality that exceeds 30—80 %, is
especially urgent [5]. Compared to conservative therapy, treating pathologies of internal organs using stem
cells has been insufficiently studied [6]. Introducing stem cell transplantation methods into clinical practice
has opened up a fundamentally new approach to managing many diseases. Regenerative medicine methods
have not yet been widely used in toxicology. Therefore, experimental and clinical trials are needed to
evaluate stem cell transplantation safety and efficacy in diseases caused by exposure to various toxicants
in the body [14], leading (except for mild forms) to a violation of exo- and endocrine functions of the
pancreas and, consequently, to a lack of formation of products of the breakdown of proteins, fats, and
carbohydrates in the small intestine. It results in a gradual loss of working capacity, the development of
disability, and a high risk of mortality. The latter is symptomatic and supportive therapy, including
analgesic and anti-inflammatory drugs, enzymatic drugs, and diet. Full normalization of the work of the
organ will require the restoration of the cellular tissue structure [21].

Materials and methods. A literature search on treating acute pancreatitis with stem cells was
performed in various Internet sections. The search was conducted through the databases Web of Science,
Elsevier Science Inc., Scopus, Cochrane Central Register of Controlled Trials, Medline, Pubmed, Google
Scholar, etc. Theoretical analysis of the data of the reviewed articles was carried out. This review
discusses commonly used stem cells and their respective properties that show promise for treating
pancreatitis. The use of stem cells in medicine is at a preclinical level. The review summarizes the
challenges stem cell therapy must overcome to be accepted worldwide. A wide variety of possibilities
makes this cutting-edge therapy a turning point in modern medicine. Theoretical analysis of the data was
carried out from 2019 to 2024.

The mechanisms of stem cell influence in the regeneration of tissues exposed to acute or
chronic damage are not fully understood, but they definitely include regulating immune function to
reduce inflammatory changes in the organ. Negative results of human stem cell treatment are known
due to the risk of uncontrolled stem cell division and their degeneration into tumor cells. Therefore, at
the level of preclinical and clinical research, it is essential to develop ways to transplant stem cells to
achieve controlled differentiation of cells and study the mechanisms of acceleration of tissue
regeneration after the introduction of source material and the interaction of unspecialized cells with
their microenvironment [6].

Over the past 20 years, research into the development of pancreatic inflammation has made
significant advances. It has been established that the causes of acute and chronic pancreatitis include lysis
of pancreatic tissues from premature activation of proenzymes in acinar cells and long-standing
inflammation of the organ, leading to the development of fibrosis, which can affect entire regions of the
pancreas. This pathology destroys secretory parenchyma due to necrosis, apoptosis, inflammatory
processes, and duct obstruction [8]. Some studies have shown that autoimmune mechanisms are actively
involved in developing pancreatitis. In particular, an imbalance exists between pro- and anti-inflammatory
cytokines [11].
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Two main research directions can be distinguished when analyzing the possibilities of using stem
cells in the treatment of AP: deepening the understanding of the pathogenesis of the disease and studying
the mechanisms of regeneration in various therapy methods at the level of preclinical studies. Treating
severe AP completely using conservative methods is impossible, which requires developing a
differentiation method for progenitor cells. Therefore, there is an increased interest in applying stem cells
in the therapeutic management of AP [4].

Stem Cell Types and the Potential for Pancreatic Self-Regeneration. Stem cell therapy research has
focused on the multipotent type. Totipotent (zygotic cells) and pluripotent (embryonic cells) are
characterized by a very high capacity for division and differentiation. Therefore, their development is
difficult to control, and the spectrum of sources for obtaining starting material is limited. Multipotent
mesenchymal stem cells (MMSCs), permanent in the adult body, are found in bone marrow and various
tissues, functioning in tissue maintenance and regeneration. The advantages of their use are the identity of
the genetic material with the organ to be repaired and, as a consequence, the absence of immune reactions
[14]. The pancreas is known for its capacity for self-regeneration, the presence of which is presumably
achieved through the presence of its MMSCs, but in relatively small numbers (1/5000 cells) [10], stem
cells from the bone marrow [11] and/or using the biliary tree as a reservoir of undifferentiated cells [12].
Various cell types (ductal epithelium-associated, mesenchyme-like, nestin-expressing, pre-existing acinar
cells) are considered possible organ tissue precursors [6]. However, the insufficiency of native components
makes it necessary to investigate the effect of exogenous MMSC injections on the injured pancreas [13].

Preclinical Studies on the Use of MMSCs in AP.

Methods of administration of MMSCs and dosages from different literature sources differ during
the preclinical research phase: Application of acetic acid (100 %) to the organ wall, L-arginine, Cerulein,
or taurocholate to induce mild or severe AP, respectively, 4 % sodium taurocholate [ 9, 13, 15]. Rats were
mainly used as experimental animals [9, 13, 16], and mice were used in some studies [17]. The routes of
administering MMSCs are: Intraperitoneal/Optimal 2 x 10° cells twice daily, Tail vein administration /1 x
10%, Tail vein administration /100 and 1000 pg for mild and severe AP, respectively, Intradorsal penile vein
of male rats/2 x 10° per 100g [9, 13, 15].

Table 1
Effect of MMSCs on rats with induced AP
Source Route
and dose of MMSC of administration Effects Reference
| amylase, angiopoietin, TNFa, IL1, IL6; 1 IL4, IL10. |
1 x107/ kg Intraperitoneally | edema, PG necrosis due to 1 expression of miR-181a-5p [19]
Rat bone and suppression of TGF-B1.
marrow 1x10° Femoral vein | amylase, TNFa, 1 IL10. [20]
5 % 105/ ke | amylase and llpase, ede'ma, PG necrosis, TNFa, IL1, IL6; 21]
1 IL4, IL10, anti-apoptotic effect.
Human Tail vein
umbilical 1 %107 | PG necrosis, Tangiogenesis in PG. [22]
cord
6 Tail vein and | pancreatic swelling and inflammation, combined
1%10 . ; anerea [23]
intraperitoneally | administration has a more pronounced effect.
- Anti-apoptotic effect of PG due to stimulation of the
7
Rat bone 1107 kg Tail vein secretion of endothelial growth factor A and angiogenesis. [24]
marrow 6 . Combination of MMSC and antioxidants improves
1 x10 Jugular vein . . . [25]
pancreas regeneration and immune-boosting effect.
7 — | amylase and lipase, edema, infiltration and necrosis of PG,
1x107kg Tail vein NF-kB, 1 Nrf2 expression. [26]
Retrograde | amylase and levels of the pro-inflammatory cytokines,
Human LS . -

- 7 injection into the | TNFo treatment has increased the efficacy of vesicles from
umbilical 1x10 . . . . [27]
cord biliopancreatic MMSCs, | necroptosis of acinar cells along the

duct RIPK3/MLKL axis.

Note: PG — pancreatic gland, TNF — tumor necrosis factor, IL — interleukin, TGF-f1 — transforming growth factor, NF-xB —
factor in the expression of genes of the immune response, apoptosis, and cell cycle, Nrf2 — erythroid-2 factor 2 (antioxidant regulator).

At the stage of preclinical studies, various positive effects of MMSC administration in artificially
induced different forms of pancreatitis were observed: attenuation of acute pancreatic damage (edema,
necrosis, infiltration), improved survival of acinar cells and reduced degeneration; reduction (timing and
severity) of the inflammatory process, its inhibition, blocking the systemic inflammatory response;
suppression of cytotoxic T-lymphocyte proliferation, in particular CD3" T-cells, natural killer cells and
dendritic cells; reduction of pro-inflammatory cytokines and secretion of growth-stimulating factors, a
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decrease of serum amylase, lipase, and myeloperoxidase; decreased translocation of NF-kB p65 (one of
the transcription factors of immune response and apoptosis genes), decreased concentration/expression of
inflammatory factors (IL-1a, 1B, 6 and TNF-a), increased levels of Foxp3 (a marker of regulatory T-cells)
[9, 17, 21]. Using labeled MMSC:s, a high level of cell concentration in the pancreas after their injection is
exposed [16, 17]. In the MSCs intervention group, transwell plates were inserted into the poles, and the
third-generation MSCs were seeded at a density of 1 x 106 cells/mL. The culture medium in the insert and
the six-pole plate were fused, establishing the co-culture system of MSCs and acinar cells.

The results of studies by various authors on the effects of MMSCs on modeled AP for 2019-2023
are presented in Table 1.

MMSC cells come from a wide range of sources: autologous — from bone marrow, allogeneic
— from umbilical cord blood, placenta, etc. Due to different sources of cells and different methods of
collection and preparation, it is impossible to establish a single standard method of efficiency
evaluation. MSCs in a rat model of AP have shown that MSCs reduce serum amylase, urea nitrogen,
and creatinine [23].

The effect of human stress-resistant human MMSCs (Muse) and SSEA-3 (+) collected from
mesenchymal stem cells (MSCs) containing embryonic antigen 3 was investigated. Muse cells and normal
human MMSCs (1.0x10° cells) were injected into a C57BL/6 mouse model through the jugular vein 6 h
after AP induction with taurocholate. It has been revealed that intravenous injection of human Muse cells
effectively attenuates edema, inflammation, and apoptosis in the acute phase of AP [31].

MSCs were long spindle-shaped and had potent proliferation activity. Flow cytometry showed
umbilical cord-derived MSCs had no expressions of CD45, CD34, CD11b, CD19, and HLA-DR (0.61 %)
but high expressions of CD44 (99.99 %), CD73 (99.98 %), CD90 (99.99 %) and CD105 (99.97 %). The
induction differentiation experiment by Hong-Bo Meng, Jian Gong et al. showed that MSCs had
osteogenesis, adipogenesis, and chondrogenesis capabilities. These findings suggest these cells are MSCs.
Pathological examination of the pancreas after MSC transplantation At different time points, there was no
edema, infiltration of inflammatory cells, bleeding, or necrosis in the pancreatic lobules in the control
group. In the SAP group, pancreatic edema was observed immediately after surgery. One day after surgery,
evident expansion of the alveolar septum, parenchymal bleeding, and infiltration of inflammatory cells
were noted. The pancreatic parenchymal necrosis (focal patchy necrosis) deteriorated three days after
surgery. Five days after surgery, the necrotic area merged, and tubular complexes were observed. In the
SAP+MSCs group, pancreatic edema, bleeding, necrosis, and infiltration were also noted, but these
pathological changes were milder than in the SAP group. Moreover, the pathological changes in the
SAP+MSCs group improved over time, and a few fibrous tissues were observed. Pathological scoring was
performed based on pancreatic parenchymal necrosis. Results showed the pathological scores of pancreatic
edema, pancreatic parenchymal bleeding and necrosis, and infiltration of inflammatory cells in the SAP
group were markedly higher than those in the control group, which was stable and reliable. After MSC
transplantation, the serum amylase level reduced to 1080+172 mU/ml, 1020£283.5 mU/ml, and
1180+£278.6 mU/ml on days 1, 3, and 5, respectively, which were significantly lower than those in the SAP
group (P0.05), but reduced markedly since day 3 (day 3: 1880+204 mU/ml; day 5: 2160+£387.8 mU/ml)
when compared with SAP group.

Clinical trials. Despite the established efficacy and safety of different types of MMSCs at the
preclinical stage against AP, their clinical application has several restrictions: the mechanisms of potential
therapeutic action of MMSCs have not been elucidated, adverse side effects and long-term consequences, as
well as the risk of oncogenicity of MMSCs have not been sufficiently studied [29]. The study of the
therapeutic effect of using MMSCs in correcting homeostatic disorders of severe AP in patients aged 21-55
years has been carried out. It is found that the combination of standard therapy with the use of endo-video
surgical intervention and mesenchymal stem cell management in the early period shows a relatively rapid
correction of homeostatic disorders of AP, but it is necessary to conduct further research to optimize the dose
of cells, the period of application and the number of injections [30, 31]. In clinical studies, it is shown that
intravenous administration of cord blood with stem cells, including MMSCs, reduces the degree of
intoxication and anemia in patients with necrotizing pancreatitis, normalizes blood glucose and protein
profile, reduces the symptoms of cytolytic syndrome by the level of decrease in the activity of aspartate
aminotransferase, alanine aminotransferase and gamma-glutamyltranspeptidase, lactate dehydrogenase [32].
When cord tissue is transplanted, the effect is achieved through local action due to the possible migration of
endothelial stem cells and MMSCs. Stem cells probably stimulate the obliteration of pancreatic ducts to
prevent the formation of postnecrotic pancreatic fistulas and cysts [23, 29]. It has been determined that the
concentration of bone marrow MSCs in peripheral blood in patients with AP is lower than in healthy people,
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indirectly indicating their mobilization in the inflammation zone [21, 27]. In addition, it has been detected
that MSCs obtained from human bone marrow in patients with moderate and severe AP decrease the initial
level of C-reactive protein, which is a quantitative and sensitive indicator of inflammation [21, 31].

Table 2
Studies using stem cell therapy in acute pancreatitis
Study Source . .
conducted of stem Triggering Animal Mo_d ¢ Stem (;ell Outcomes
by cells agent of delivery quantity
Tu et al. Bone Sodium Rat Caudal vein 1x10° cells/mL | Decreased levels of malonaldehyde, amylase,
marrow deoxy- injection Lactate dehydrogenase, IL-6, TNF-a Increased
(rat) cholate superoxide dismutase, survival rate of
pancreatic acinar cells, IL-10 Decreased injury
of small intestinal epithelium and stimulation
of proliferation of enteric epithelium.
Wang etal. | Bone 5% sodium | Rat Caudal vein 1x10° cells/mL | Decreased levels of myeloperoxidase, amylase
marrow taurocholate injection Decreased expression of mRNA of TNF-o and
(rat) substance P Decreased pulmonary edema,
injury and inflammation.
Sun et al. Bone L-arginine Rat Intraperitoneal | 5x10° cells Decreased expression of TNF-o mRNA and IL-
marrow injection 1B mRNA Decreased pancreatic and small
(rat) intestinal injury Effects are indirect and not by
differentiation into various cell lines.
Yang et al. Umbilical 5 % sodium | Rat Tail vein Variable Decreased mortality rates, wet-dry pancreatic
cord taurocholate injection (5x10° cells’kg | weight, ascites, amylase levels. Decreased
(human) atOh,1h,6h levels of TNF-o and INF-y. Decreased
and 12 hin evidence of injury of pancreas and lungs on
one group and | pathology examination. Time and dose-
5x10* cells/kg | dependent reduction in pancreatic injury seen.
5%10° cells/kg
1x107 cells/kg
at 1 h after
induction in
other groups)
Chen et al. Bone 5% sodium | Rat Tail vein 1x10° cells/mL | Decreased blood urea nitrogen, creatinine,
marrow taurocholate injection amylase levels
(rat) Decreased damage of pancreatic tissue and
renal interstitial capillary barrier
Increased expression of aquaporin 1 in the
kidney (helps promote renal reabsorption of
water and hence circulating blood volume).
Cui et al. Bone L-arginine Mice Tail vein 2x107 cells Decreased amylase levels, mortality rates.
marrow injection Decreased gross and microscopic evidence of
(mice) pathological pancreatic damage
Meng et al. Umbilical 3 % sodium | Rat Tail vein 1x107 cells Decreased serum lipase and amylase levels.
cord taurocholate injection Decreased features of pancreatic injury (edema,
(human) hemorrhage, necrosis, inflammatory cell
infiltrate).
Hua et al. Umbilical 3 % sodium | Rat Tail vein 2x10° cells Decreased serum lipase and amylase levels
cord taurocholate injection Decreased pancreatic injury (lower pancreatitis
(human) severity scores). Decreased pro-inflammatory
cytokines (TNF-a, IFN-y, IL-1p, and IL-6).
Angiopoietin-1 (ANGPT1)-transfected MSCs
stimulate pancreatic angiogenesis. Synergistic
role of MSCs and ANGPTI1.
Jung et al. Bone Cerulein Rat Intra- 1x10° cells Decreased pancreatic edema, necrosis,
marrow and peritoneal inflammatory infiltration, malondialdehyde.
(human) lipopoly injection Increased levels of glutathione peroxidase,
saccharide superoxide dismutase. Decreased expression of
proinflammatory mediators and cytokines
Increased expression of SOX9.
Kim et al. Adipose 3 % sodium | Rat Injection into 1x107 cells’/kg | Decreased acinar cell necrosis, edema,
tissue taurocholate common inflammation. Decreased expression of the pro-
(canine) biliopancreatic inflammatory cytokines (TNF-a, IL-1p, IL-6,
duct IL-12, IL-17, and IL-23 IFN-y). Increased
expression of the anti-inflammatory cytokines
(IL-4, IL-10). Decreased numbers of CD 3(+)
T cells and increased numbers of forkhead box
P3-positive T cells.
Zhao et al. Bone 3 % sodium | Rat Injection into 5-7x107 cells Increased rates of survival. Decreased
marrow taurocholate the biliopan- expression of TNF-a and IL-1 mRNA.
(rat) creatic duct
Kawakubo Amniotic Dibutyltin Rat Intravenous 1x10° cells Inhibition of pancreatic stellate cell activation
et al. membranes | dichloride Inhibition of pancreatic stellate cell activation
(human) Decreased histological score, reduced
infiltration of CD68-positive macrophages.
Reduced expression of MCP-1 and amylase.
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All studies were performed in rodents and showed pronounced heterogeneity in the outcome
assessment; hence, conducting a meta-analysis was not feasible. Heterogeneity was observed in the
technique used to induce pancreatitis, the type of MSCs used, the time of therapy after the disease onset,
the source of the MSCs (human or murine), and the dose of the MSCs. AP is a common acute abdominal
disease characterized by self-digestion, edema, bleeding, and necrosis (features of inflammation) due to
the activation of trypsin in the pancreas. The incidence of AP increases with the elevation of living
standards [19]. Less than 20 % of patients with AP may develop SAP, which has a lot of complications and
high mortality. Thus, SAP has been a dangerous and refractory acute abdominal disease [1]. Currently,
SAP is managed with traditional supportive therapy or surgical interventions, and no effective strategy has
been developed for treating SAP to date. Cell therapy with MSCs has been found to promote the repair of
acute and chronic injuries, regulate immune function, and attenuate inflammatory response [8]. It has been
confirmed that MSCs can improve the inflammatory response in the liver, kidney, and lung and have
favorable promise in clinical application in myocardial infarction, Crohn’s disease, and organ
transplantation. Studies have shown that multiple inflammatory cytokines are involved in the pathogenesis
of SAP, including pro-inflammatory cytokines (IL-1, IL-6, TNF-a) and antiinflammatory cytokines (IL-4,
IL-10) [20, 21]. Thus, MSCs have the potential for the treatment of pancreatitis due to the anti-
inflammatory effect of MSCs. In addition, MSCs can be induced to differentiate into different cell types,
including insulin-secreting and endothelial cells [22, 23]. Thus, it is feasible to promote pancreatic
regeneration and repair the microvascular endothelium of the pancreas with MSCs. Retrograde
cholangiopancreatic injection of sodium taurocholate was employed to induce acute obstructive
pancreatitis, similar to the pathogenesis of clinical pancreatitis. This animal model is easy to establish and
feasible. The pathological examination and pancreatic enzyme detection showed this animal model was
stable. The main pathological findings were pancreatic edema, infiltration of massive inflammatory cells,
pancreatic parenchymal bleeding, and acinar cell necrosis. The umbilical cord-derived MSCs were injected
into SAP rats via the tail vein, and results showed the serum levels of amylase and lipase reduced,
pancreatic pathology and acinar cell apoptosis improved, serum levels of pro-inflammatory cytokines
(TNF-a, IL-1B, IL-6) reduced, and those of anti-inflammatory cytokines increased (IL-4, IL-10). These
findings suggest that MSCs have favorable therapeutic effects on SAP. When compared with the SAP
group, MSCs transplantation significantly reduced serum levels of amylase and lipase (amylase: 48 % on
day 1; 55 % on day 3, 60 % on day 5; lipase: 20 % on day 1, 50 % on day 3, 53 % on day 5), suggesting
that MSCs transplantation may protect the structural integrity of acinar cells. MSCs transplantation
facilitates the recovery of pancreatic pathology, characterized by improved pancreatic edema, reduction of
inflammatory cells, and attenuation of pancreatic parenchymal bleeding and necrosis. However, the
specific mechanisms are still poorly understood. Previous studies have shown that bone marrow-derived
MSCs can migrate into the injured pancreas and differentiate into pancreatic cells to repair the injured
pancreas. In the SAP, more MSCs migrate into the pancreas. This suggests that the homing ability of MSCs
is related to the severity of injury [24]. However, in recent years, MSCs have been found to secret some
cytokines (IL10, TGF-B, IL-1Reg, and HGF) in a paracrine-dependent manner to exert the anti-
inflammatory effect [25]. More recent studies reveal that the TNF-a and IL-1 may activate MSCs, which
then secret the anti-inflammatory protein TSG-6, which is found to be involved in the anti-inflammatory
effect of MSCs [26-28]. Our results showed that MSCs transplantation reduced the serum levels of pro-
inflammatory cytokines and increased those of anti-inflammatory cytokines, consistent with the anti-
inflammatory effect of TSG-6. Thus, the therapeutic effect of MSCs transplantation might be associated
with the TSG-6 secreted by MSCs. UC-MSCs for treatment of severe acute pancreatitis 2711 Int J Clin
Exp Pathol 2013;6(12):2703-2712 Pancreatic acinar cell apoptosis plays an important role in the
pathogenesis of SAP. Enacting pancreatic acinar cell apoptosis is regarded as a protective response to
inflammation-related stimulation in cells [29]. The apoptosis and necrosis of pancreatic acinar cells have
reciprocal transformation. Thus, reducing the apoptotic acinar cells may also attenuate the necrosis of
acinar cells to a certain extent [30]. In the present study, many apoptotic acinar cells were observed in the
pancreas of SAP rats, and the number of apoptotic acinar cells increased over time. However, in the
SAP+MSCs group, the apoptotic acinar cells were reduced significantly compared with SAP. This suggests
that MSCs transplantation attenuates pancreatitis and inhibits apoptotic initiation, which prevents further
attack on acinar cells and improves acinar cell necrosis. The present study transplants umbilical cord-
derived MSCs into rats with SAP. Results demonstrate that MSCs transplantation may protect the structural
integration of acinar cells, improve pancreatic pathology, regulate inflammatory response, and attenuate
acinar cell apoptosis. The specific mechanism underlying the therapeutic effect of MSCs transplantation
may be attributed to the homing and transdifferentiation of MSCs or the paracrine effect of MSCs.
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However, more studies are required to investigate the exact mechanism underlying the therapeutic efficacy
of stem cells, which may provide evidence for a novel strategy for the treatment of SAP. Due to the lack
of consistency, determining the most effective form of MSC therapy for pancreatitis is challenging.
Similarly, none of the studies investigating chronic pancreatitis evaluated the efficacy of MSC therapy in
a dose-dependent manner or followed up on the disease progression. The included studies failed to address
selection and detection biases using techniques such as randomization, blinding, and sample size
calculations. These limitations in the study methodologies may have led to an exaggeration of the reported
therapeutic effect. Thus, these factors should be evaluated in future preclinical studies to ensure their
validity because the currently available data do not sufficiently warrant the use of MSCs in clinical trials.
In addition to morbidity, mortality is an important parameter in evaluating new therapies, particularly in a
debilitating diagnosis, such as severe acute pancreatitis. Mortality is a frequent sequela (may reach up to
3047 %) of acute pancreatitis due to the complications of organ failure and tissue necrosis. Most of the
evaluated studies did not assess mortality after the MSC infusion. Because the first 24 hours after the onset
of acute pancreatitis are critical for prognosis, the therapeutic effect of the injected MSCs should be
evaluated within this time frame. Studies investigating MSC therapy have shown that the time frame for
the maximum therapeutic effect is an important determining factor, and early intervention is almost always
necessary. Indeed, only a few studies evaluated the outcome of MSC administration within 24 hours of the
induction of severe acute pancreatitis.

Thus, multipotent mesenchymal stem cells can reduce the expression of various inflammatory
factors, suppress autoimmune responses, and promote regeneration of various tissues/organs. The potential
of stem cells for acute pancreatitis has been preclinically investigated to a greater extent. The introduction
of stem cells into clinical practice in the treatment of acute pancreatitis requires further studies to determine
the etiology of the disease, the influence of stem cells on the preclinical and clinical levels, as well as to
improve minimally invasive methods of intervention, selection of methods of cell material delivery and
dosage.
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