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ABSTRACT

Acute and chronic pancreatitides carry 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 re-
generation but can also prevent pancreatic injury, 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. This review
discusses commonly used stem cells and their respective properties that show promise for treating pancreatitis.
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INTRODUCTION

Pancreatitis is a disease process that carries significant
morbidity and mortality. Acute pancreatitis can become
recurrent and progress to chronic pancreatitis. It is char-
acterized by acute onset of an inflammatory process that
leads to autodigestion of the pancreas. An acute injury to
the pancreas lead to cascading events that involve stim-
ulation or production of digestive enzymes that damage
the pancreatic tissue, resulting in an inflammatory re-
sponse (1, 2). Injury to the pancreatic acinar cells allows
for the release of pancreatic enzymes such as elastase,
trypsin, and chymotrypsin (2). The release of these en-
zymes into the pancreatic tissue leads to their activation
and these activated enzymes digest the pancreatic tissue
(2). There is infiltration of inflammatory cells and proin-
flammatory markers such as interleukin (IL)-6, interferon
gamma, and tumor necrosis factor alpha are also pro-
duced (1, 2). Acute pancreatitis can be of various types
and approximately 85% cases are of acute interstitial
edematous pancreatitis and about 15% of necrotizing
pancreatitis (3). Acute pancreatitis can progress from a
localized inflammatory process within the pancreas to
more widespread inflammation leading to a multiorgan
failure (4). Approximately 20% cases are severe, in which
the mortality rates can reach up to 30% once multior-
gan dysfunction occurs (5). The prognosis depends on
whether there is a multiorgan failure present along with
any infected pancreatic necrosis, and in such cases, the
mortality can be as high as 15-30% (6). Oxidative stress
is also believed to play a role in cases of acute pancreatitis
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and this was depicted in a study conducted by Esrefog-
lu et al. (7, 8) in cerulein-induced pancreatitis along with
the potential benefits of antioxidants such as melatonin,
N-acetyl cysteine, and ascorbic acid. An important indi-
cator of chronic pancreatitis is fibrosis of the pancreatic
tissue that leads to secondary to irreversible damage due
to persistent inflammation (9). Due to inflammation and
fibrosis, there is damage to both endocrine and exocrine
portions of the pancreas. The inflammatory response
leads to the activation of the myofibroblast-like cells
along with the pancreatic stellate cells, which are located
in the exocrine portion of the pancreas (10). They travel
to the areas of insult and aid in the process of regenera-
tion and repair; however, due to the presence of oxida-
tive stress, there is necrosis and fibrosis of the acini (10).
Damage to the pancreatic ducts leads to blockage due to
the accumulation of protein plugs (10). This entire pro-
cess ultimately leads to scarring and fibrosis and resul-
tant dysfunction of the pancreas. Both acute and chronic
pancreatitis can lead to local and systemic complications.
Therapeutic options are limited and primarily focus on
supportive care and control of the symptomatology and
attempt to prevent the complications from developing
further.

An emerging novel concept that is being extensively stud-
ied is the use of stem cells for numerous gastrointestinal
disease processes including acute and chronic pancre-
atitis. Stem cells can be used to repair as well as replace
the damaged tissue, and also carry the ability to influence
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the immunological response as well as inflammatory re-
sponse (11-13). Mesenchymal stem cells (MSCs) are also
known as multipotent stem cells or adult stem cells (9).
They can regenerate and differentiate into several cell
lineages including mesoderm (osteocytes, chondrocytes,
and adipocytes) as well as endoderm and ectoderm (14).
As these multipotent stem cells are genetic replicas of
their hosts, they do not induce immunological reactions
(9). There are several limitations to their use as well as
potential consequences such as uncontrolled replication
and hence further research and testing need to be per-
formed. Thus far, the trials have primarily been carried out
in animal models but do show promising results.

Types of Stem Cells

Pancreatic Stem Cells

It remains unclear as to whether or not there are any
stem cells in the postnatal pancreas as various studies
have shown conflicting evidence. The studies that do
reveal that there may exist stem cells in the pancreat-
ic tissue also attest to their rarity. Scarce populations of
stem cells have been detected that carry OCT4 and OX2,
which are the pluripotency genes that may potentially al-
low for differentiation into various cell lineages (15-17). In
a study conducted by Smukler et al. (15), stem cells de-
rived from the pancreas were very limited (1in 5000 pan-
creatic cells) though they were able to give various cells
such as endocrine cells and neurons. On the contrary, the
study performed by Gong et al. (18) with nestin (stem cell
marker) revealed evidence that suggested the pancreas
does not harbor stem cells and any stem cells identified
may come from the bone marrow (BM) instead. This im-
plies that stem cells originating from the BM will aid in the
repair and regeneration of damaged pancreatic tissues
(18). There is also research that reveals that the biliary
tree is a source of stem cells for the pancreas as shown
by Wang et al. (19). Their study depicted that the pancre-
atic and biliary systems are closely linked to each other
and that there are stem cells always available to give rise

MAIN POINTS

Stem cell therapy is being explored for its therapeutic and
research potential across the medical field and could have
benefit in pancreatitis as well.

In both acute and chronic pancreatitis, stem cells may be
used due to their immunomodulatory properties.

Stem cells may help to prevent pancreatic damage, fibro-
sis, and suppresses inflammation along with a reduction in
markers of inflammation and cell injury.

to devoted pancreatic cell types such as pancreatic ducts
and glands (9, 19). The postnatal pancreas is believed to
only have committed precursors that are located in the
ducts and glands (20-22). During prenatal development,
the stage of the primary transition pancreas, there are
multipotent stem cells present that can give rise to all
epithelial cell lineages of the parenchyma (23, 24). During
the secondary transition process, the epithelium extends
into the adjacent mesenchyme with the formation of a
structure with a trunk and a tip resembling that of a tree
(25, 26). The precursors in the trunk can give rise to the
endocrine as well as the duct cells with the tips forming
the acini (9, 24, 27, 28). These endocrine cells then mi-
grate to form the mature islet cells, whereas the remain-
ing cells form the pancreatic duct (29-32). The process
of pancreatic regeneration consists of proliferation and
the subsequent delineation into pancreatic cell precur-
sors (33).

Clonogenic cells with the ability to differentiate into mul-
tiple lineages, as mentioned above, have rarely been in
the postnatal pancreas and the ones seen have been best
described in the pancreatic ducts (34). The centriacinar
cell is specialized (situated at the junction of a terminal
duct and an acinus) and can form a "pancreatosphere” in
vitro and can proliferate in vivo under the stress of injury
(35). These structures also had the potential to differen-
tiate into both the endocrine and exocrine portions of the
pancreas when used in an adult mouse study (35).

Mesenchymal stem cells

These can be derived from multiple tissues such as ad-
ipose tissue, amniotic fluid, BM, lung, liver, kidney, and
skeletal muscle (9). Sources such as BM, umbilical cord
blood, placenta, and adipose tissue are relatively easier to
obtain and can yield an abundant amount of stem cells
(9). They can give rise to a multitude of cell lines depend-
ing on the circumstances (9). They possess not only the
capability to aid regeneration and repair of injured tis-
sues but can also decrease inflammatory mediators and
impede the immunological response (9). They hamper
the proliferation of T and B cells as well as decrease the
terminal differentiation of the B cells (9). They exert im-
munomodulatory effects on other cells such as macro-
phages and natural killer (NK) cells as well (9). The follow-
ing is a brief overview of common sources of harvesting
the MSCs:

Bone marrow: There are many studies on animals that
have used MSCs derived from the BM for treatment in
pancreatitis with resultant beneficial effects. Cui et al.
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(36) recruited BM stem cells by use of granulocyte col-
ony-stimulating factor (G-CSF) and then transplanted
them into mice with severe acute pancreatitis (9). They
noted that amylase level and mortality rates were lower
in the mice that received stem cell therapy (9, 36). The
ability of MSCs to ameliorate insult to the small intestinal
epithelium as well as pancreatic acini was seen by Tu et
al. (37). There was a decrease in widespread inflammation
as well as stimulation of proliferation of small intestinal
epithelium (9, 37). They also noted that MSCs could de-
crease oxidative stress by preventing lipid peroxidation,
ensuring membrane stability and augmenting the activity
of free radicals derived from oxygen (9, 37). Reduction in
renal insult from the MSC therapy as a result of decreas-
ing the disruption of the interstitial capillary endothelial
barrier and increased expression of a marker called AQP1
(Aquaporin 1) was seen in the study performed by Chen et
al. (9, 38). Sun et al. (39) injected BM-derived MSCs within
the peritoneum of rats and saw that there was decreased
expression of proinflammatory tumor necrosis factor al-
pha (TNFa) messenger Ribonucleic Acid (mRNA) and IL-
1B mRNA (9). Their study suggests that therapeutic ben-
efits that are derived from the use of MSCs are indirect
and not by mere differentiation into particular cells (9,
39). Lung injury induced by acute pancreatitis was noted
to be decreased when MSCs were used by Wang et al on
a study conducted on rats (9,40). Pulmonary edema, as
well as serum amylase levels along with TNFa expression,
was decreased (9,40). BM MSCs may aid regeneration
and repair of damaged pancreatic tissue by adding to the
pancreatic stellate cell numbers (9). By regenerating the
injured pancreas, they decreased edema and pancreatic
infiltration of inflammatory cells (9). Jung et al, however,
noted that MSCs were beneficial in acute pancreatitis as
they localized to the site of damaged pancreatic tissue
and decreased the inflammatory response by stimulat-
ing the apoptosis of CD4 + (cluster of differentiation 4)
cells instead of through regeneration of cells (9, 41). The
MSCs increased the expression of forkhead box P3-pos-
itive [Foxp3(+)] cells, which is a regulatory T cell marker
and decreased CD3+ (cluster of differentiation 3) T cells
within the pancreas (9, 30). Hence, this suggests that they
exert beneficial effects in pancreatitis through immuno-
modulatory activities instead of regeneration.

Adipose tissue: These cells localize to injured tissue and
they protect the injured cells by impeding the release of
inflammatory mediators such as cytokines, hampering
further inflammation (9). The migration of these stem
cells to the areas of injury is facilitated by chemokines
and growth factors as shown in the study by Baek et al

(42). Another study was performed by Kim et al. (43) in
which MSCs derived from canine adipose tissue were
used therapeutically in cases of severe acute pancreati-
tis in rats. There was decreased edema of the pancreas,
necrosis of acinar cells, and inflammatory cell infiltration
(43). Expression of proinflammatory cytokines (tumor
necrosis factor-a, IL-1f3, IL-6, IL-12, IL-17, and -1L23 and
interferon-y) was reduced while that of antiinflammato-
ry mediators was increased (IL-4 and IL-10) along with
decreased CD3 (+) T cells and increased Foxp3 (+) cells
(43). This emphasizes the immunomodulatory and an-
ti-inflammatory effects of the MSCs.

Umbilical cord: Similar to other MSCs, those derived from
the umbilical cord have also shown therapeutic benefit in
pancreatitis. Yang et al. (44) conducted a study on rats
using umbilical cord stem cells that showed a significant
reduction in mortality rates in rats with severe acute pan-
creatitis (10% in those who received the MSC therapy vs
58% in those who did not) along with reductions in the
pancreatic weight, serum amylase levels as well as asci-
tes. The study also revealed that the umbilical cord-de-
rived stem cells were not able to give rise to other cell
lines within 24 hours and hence their protective benefit
is likely due to immunomodulatory activities carried out
via paracrine effects instead of via differentiation (9, 44).
Umbilical cord stem cells can also be effective for chron-
ic pancreatitis as evidenced by Zhou et al. (45) with de-
creased histological scores and fibrosis as well as preven-
tion of pancreatic stellate cell activation (9).

Induced Pluripotent Stem Cells

Another form of stem cells, which have emerged fair-
ly recently, are induced pluripotent stem cells (iPSCs).
These were first postulated by researchers at Kyoto Uni-
versity to reprogram already-differentiated adult somatic
cells (46). Early forms of approach to achieving this were
through transfecting genetic material that codes for
certain factors that are deemed to be essential in early
embryonic development and maintaining pluropotential-
ity. Examples of genes include Oct4, Sox2, KIf4, Nanog,
and Lin28. Using some combination of these genes, re-
searchers have been able to create iPSCs very similar to
embryonic stem cells in rat fibroblasts as well as human
cells. Since then, further research has allowed for a better
understanding of optimal conditions, including using cer-
tain kinds of somatic cells, viral factors used to transfect
DNA data into desired cells, and controlling the expres-
sion of the aforementioned factors (47). These factors
play a role in how the iPSCs differentiate into desired cell
lines and this was demonstrated by Hu et al. (48) wherein
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neural cells derived through iPSCs had a lower efficiency
and a broader variability when compared with embryonic
stem cells. This is shown by further studies that demon-
strated similar problems in iPSC-derived cardiomyocytes
compared with that of embryonic stem cells in both hu-
man-derived stem cells (49) as well as murine (50,51). In
addition, for our focus of study, there is a lack of current
basic research on iPSC used in amelioration of pancreati-
tis, acute or chronic. However, there is in vitro evidence of
differentiation of iPSC into productive 3 cells of pancreas
(52,53).

Clinical and Research Consequences

Stem cell therapy for both acute and chronic pancreatitis
is promising as evidenced by several studies conducted
on animals. Human studies have not yet been performed
thus far. In both acute and chronic pancreatitis, there is
intense localized as well as systemic inflammation, and as
a result of this, the devastating complications and dam-
age to the pancreas ensue. Hence, stem cells are now be-
lieved to play a potential therapeutic role in both types
of pancreatitis. The stem cells can be harvested from
various sources but the most readily available are those
of the adipose tissue, BM, and the umbilical cord (9,54).
Studies for acute and chronic pancreatitis have been car-
ried out by inducing pancreatitis with various forms of
chemicals. MSCs have numerous therapeutic benefits
including the ability to dampen inflammatory response,
apoptosis along with fibrosis even without the process of
differentiation into cell lines, and aiding in regeneration
(54). Unlike embryonic stem cells and inducible pluripo-
tent stem cells, MSCs do not necessitate differentiation
into various cell types to aid in tissue injury or disease pro-
cesses (54). MSCs decrease the expression of proinflam-
matory cytokines (tumor necrosis factor-a, IL-1f3, IL-6,
IL-12,1L-17, and -1L23 and interferon-y) and increase the
expression of anti-inflammatory cytokines (IL-4 and IL-
10), hence suppressing inflammatory response (43). They
also serve to immunomodulate the cell populations as
they increase Foxp3 (+) cells and decrease CD3 (+) T cells
(43). The study by Yang et al. (44) also revealed that this
ability to inhibit inflammation correlates with the dose
and the timing of transplantation of the MSCs. The great-
er the dose and the earlier the MSCs are administered af-
ter the onset of pancreatitis, the more pronounced the
anti-inflammatory effects (44). Other markers that indi-
cate that MSCs limit the degree of pancreatic damage are
serum amylase, lipase levels, and myeloperoxidase levels.
These are all shown to be decreased in cases of pan-
creatitis treated with MSCs (55). There is a reduction in
pancreatic edema and histological scores of fibrosis and

damage (54, 55). The stem cells are recruited to the ar-
eas of pancreatic injury and the degree of recruitment is
dependent on the amount of tissue damage that has oc-
curred (41, 55). Studies such as those carried out by Sun
et al and Kawakubo et al, among others, show benefits in
cases of chronic pancreatitis. In the study by Zhou et al.
(45), they noted that pancreatic fibrosis was reduced as
a result of inhibition of proinflammatory cytokines (45).
Sun et al. (56) recently revealed that the use of stem cells
harvested from the adipose tissue in mice with chronic
pancreatitis resulted in decreased pancreatic damage as
well as fibrosis and apoptosis. The adipose tissue migrat-
ed to sites of injury in the pancreatic tissue and gave rise
to amylase cells and aided in the retention of the pancre-
atic morphology and the prevention of damage as well as
inhibition of fibrosis (56).

Immunogenicity/Tumorigenicity of MSC

Usage of MSCs as a therapeutic intervention for their
tissue forming as well as their immunomodulatory po-
tential, though promising, begets the question of safety.
More specifically, allogenic or xenogenic sources of MSCs
would be expected to have immunogenic potential (57-
60). In vitro studies of the MSC demonstrate that they
have very weak immunogenicity. Flow cytometry studies
of obtained MSCs lack, as Grinemo et al. (57) put it, MHC
(major histocompatibility complex) class Il expression on
the cell surface and co-1stimulatory molecules (example:
B7-1, B7-2, CD40, or CD40L) that are necessary for im-
mune response, which essentially makes them immuno-
logically inert and even immunosuppressive. Le Blanc et
al. (68) demonstrated that in vitro, both undifferentiated
and differentiated MSC do not stimulate allogenic lym-
phocytes. However, in vivo, Poncelet et al. (60) demon-
strated cellular as well as humoral responses to transplan-
tation of allogenic (swine) MSC, which was also previously
seen in allogeneic murine MSC transplants (61).

In vivo studies of xenogenic MSC transplant resulted in
outright rejection as demonstrated by Grinnemo et al. (61)
in multiple studies, which inoculated mice with human
embryonic stem cells (HESC). In one particular study, this
team demonstrated that xenogenic transplants of HESC
resulted in rejection in six weeks in immune-incompetent
mice who were also receiving tacrolimus (62).

In contrast, studies that explored the use of allogene-
ic stem cell transplant did show short-term survival and
benefit before complete rejection. Intracardiac trans-
plantation of allogenic BM MSC in rats with an induced
MI (myocardial infarction) resulted in restored cardiac
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function as long as three months. However, five weeks
after transplantation, the rats had formed cellular and
humoral defenses against the MSC, which resulted in re-
jection (62). Furthermore, in rats who received an alloge-
neic heart transplant that was also inoculated with BM
MSC from the same host did not show any evidence of
prolonged graft survival. In the same study, rats that were
also immunosuppressed with cyclosporine A accelerated
the graft rejection. Authors postulated that this may be
due to the upregulation of MHC class I/ll molecules that
observed under immunohistochemistry (63). This was
also observed in the study by Huang et al (64). In a slightly
different scenario, irradiated mice that were transplant-
ed with BM along with allogeneic BM MSC demonstrated
a proliferative response of host spleen cells and subse-
quent BM graft failure (64).

One of the implications of the MSC therapy that has been
explored is its ability to differentiate and essentially form
new functioning tissue. However, their longevity is ques-
tionable. When looking at possible sources of MSC, xe-
nogenic transplants have proved to be unworthy (57, 61).
Furthermore, even allogeneic transplants have eventually
been completely rejected as shown in studies by Huang
et al. (64) and Nauta et al. (59). In the study by Huang et
al. (64), allogeneic MSC was detected only as late as five
weeks. Accordingly, B6 mice treated with BALB/b MSC
(allogeneic transplant) were rejected within three days in
the study by Nauta et al (59). Although syngeneic MSC
survived longer and presumably exerted immunomodu-
latory effects longer (as seen by significantly higher BM
engraftment), they were also ultimately eliminated (59).
Autologous stem cell proliferation was attempted by Cui
et al. (36) but did not reach the same level of localization
and proliferation as direct inoculation of allogeneic stem
cells.

Hence, the MSCs particularly those from allogenic or xe-
nogenic sources can induce the development of immu-
nological responses (65). These immune responses can
be either an acute humoral or a cell-mediated immune
response or a combination of both, hence resulting in re-
jection of the transplanted cells (65). There has also been
a concern that they can have tumorigenic potential given
their role in replication and proliferation of tissues. The
route of administration of the stem cells can play a role
in this process as well as administering the cells via the
intravenous route has the potential for systemic expo-
sure (65). Aside from that, host factors also need to be
considered, especially if already immunocompromised
or will be subjected to immunosuppressant medications

posttransplant (65). Researchers have to be wary of this
potential complication and it has been reported in several
cases where stem cells are being used. Gastric cancer oc-
curred in mice that were chronically infected with helico-
bacter and this infection led to the migration of BM-de-
rived stem cells to the stomach subsequently causing
malignancy (66). Another example is a study conducted
using MSCs to ameliorate cisplatin-induced acute kidney
injury in which there was the formation of a tumor in the
lungs three months after stem cell therapy (65).

Recently, further studies have also emerged that allude
to promising use of stem cells. Angiotensin-Il was used to
pretreat human umbilical cord-derived MSCs and when
administered it, deceased the overall pancreatic damage
in acute pancreatitis by limiting dysfunction of endo-
thelial cells and improving angiogenesis (67). In another
study, the BM-derived MSCs reduced pancreatic injury
by regulation of microRNA-9 leading to a reduction in
inflammation and ultimately lessening necroptosis (68).
Another novel modality that is being researched in com-
bination with stem cells is the use of N-acetylcysteine.
When BM-derived MSCs were used in conjunction with
N-acetylcysteine, the damage to the pancreas was re-
duced due to reduced oxidative damage and overall in-
flammation (69).

More research still needs to be conducted regarding the
safety of stem cell transplantation. The regulation of the
differentiation process is important and needs to be con-
trolled as it can potentially give rise to tumors (9). Apart
from that, the function of the differentiated cells that
arise from the stem cells themselves needs to be as-
sessed to ensure that they can carry out their destined
role (9). Ethical concerns also arise when human subjects
are involved with stem cell use. Hence, further studies
and trials need to be undertaken, though stem cell trans-
plantation does appear to carry significant therapeutic
potential in both acute and chronic pancreatitis.

There are some animal studies that pertained to using
MSCs in the treatment of acute and chronic pancreatitis.
The findings of the studies are reported in a table format
for ease of reference (Table 1). The studies are subdivided
based on the chronicity of pancreatitis. Various offending
agents of differing concentrations are used to induce in-
jury to the system. Allogenic transplant of BM MSC (rat to
rat) is the most popular with a few studies using human
umbilical cord MSC (xenogenic). Kim et al. (43) opted for
canine adipose tissue for the source of MSC. Cui et al.
(36) explored the use of G-CSF to promote autologous
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Table 1. Studies using stem cell therapy in acute pancreatitis.

Study conducted Source of Triggering Mode of
by stemcells  agent Animal delivery Stem cell quantity Outcomes
Tuetal. (37) Bone Sodium Rat Caudal vein 1 x 108 cells/mL Decreased levels of malonaldehyde,
marrow deoxycholate injection amylase, Lactate dehydrogenase,
(rat) IL-6, TNF-a
Increased superoxide dismutase,
survival rate of pancreatic acinar
cells, IL-10
Decreased injury of small intestinal
epithelium and stimulation of
proliferation of enteric epithelium
Wang et al. (40) Bone 5% sodium Rat Caudal vein 1 x 108 cells/mL Decreased levels of
marrow taurocholate injection myeloperoxidase, amylase
(rat) Decreased expression of mRNA of
TNF-a and substance P
Decreased pulmonary edema, injury
and inflammation
Sun et al. (39) Bone L-arginine Rat Intra-peritoneal 5 x 10° cells Decreased expression of TNF-a
marrow injection mRNA and IL-18 mRNA
(rat) Decreased pancreatic and small
intestinal injury
Effects are indirect and not by
differentiation into various cell lines
Yang et al. (44)  Umbilical 5% sodium Rat Tail vein Variable (5 x 108 Decreased mortality rates, wet-dry
cord taurocholate injection cells’kgat O h, 1h, pancreatic weight, ascites, amylase
(human) 6hand 12 hinone levels
group and 5 x 10* cells/ Decreased levels of TNF-a and INF-y
kg, 5 x10° cells/kg, Decreased evidence of injury of
1x107 cells’kgat1h  pancreas and lungs on pathology
after induction in examination
other groups) Time and dose dependent reduction
in pancreatic injury seen
Chenetal. (38) Bone 5% sodium Rat Tail vein 1 x 108 cells/mL Decreased blood urea nitrogen,
marrow taurocholate injection creatinine, amylase levels
(rat) Decreased damage of pancreatic
tissue and renal interstitial capillary
barrier
Increased expression of aquaporin
1in the kidney (helps promote renal
reabsorption of water and hence
circulating blood volume)
Cuietal. (36) Bone L-arginine Mice  Tail vein 2x10" cells Decreased amylase levels, mortality
marrow injection rates
(mice) Decreased gross and microscopic
evidence of pathological pancreatic
damage
Mengetal. (70)  Umbilical 3% sodium Rat Tail vein 1x107 cells Decreased serum lipase and amylase
cord taurocholate injection levels
(human) Decreased features of pancreatic

injury (edema, hemorrhage, necrosis,
inflammatory cell infiltrate)
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Table 1. Studies using stem cell therapy in acute pancreatitis. (Continue)

Study conducted Source of
by stem cells

Triggering
agent

Animal delivery

Mode of
Stem cell quantity

Outcomes

Hua et al. (71) Umbilical 3% sodium
cord taurocholate

(human)

Cerulein
and lipopoly
saccharide

Bone
marrow
(human)

Jungetal. (72)

3% sodium
taurocholate

Kim et al. (43) Adipose
tissue

(canine)

3% sodium
taurocholate

Bone
marrow
(rat)

Zhao et al. (73)

Kawakubo et al. ~ Amniotic
(74) membranes
(human)

Dibutyltin
dichloride

Rat

Rat

Rat

Rat

Rat

Tail vein 2 x 108 cells

injection

Intra-peritoneal 1 x 108 cells

injection

Injection into
common
biliopancreatic
duct

1x 107 cells/kg

Injection into 5-7 x 107 cells
biliopancreatic

duct

Intravenous 1 x10° cells

Decreased serum lipase and amylase
levels

Decreased pancreatic injury (lower
pancreatitis severity scores)
Decreased pro-inflammatory
cytokines (TNF-a, IFN-y, IL-183, and
IL-6)

Angiopoietin-1 (ANGPT1)-
transfected MSCs stimulate
pancreatic angiogenesis
Synergistic role of MSCs and
ANGPT1

Decreased pancreatic edema,
necrosis, inflammatory infiltration,
malondialdehyde

Increased levels of glutathione
peroxidase, superoxide dismutase
Decreased expression of
proinflammatory mediators and
cytokines

Increased expression of SOX9

Decreased acinar cell necrosis,
edema, inflammation

Decreased expression of the pro-
inflammatory cytokines (TNF-a,
IL-1B, IL-6, 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

Increased rates of survival
Decreased expression of TNF-a and
IL-1B mRNA

Inhibition of pancreatic stellate cell
activation

Inhibition of pancreatic stellate cell
activation

Decreased histological score,
reduced infiltration of CD68-
positive macrophages

Reduced expression of MCP-1 and
amylase

stem cell proliferation as opposed to direct inoculation of
MSC. Route and quantity of MSC differ among the stud-
ies as reported in the tables (Tables 1 and 2). The results

are summarized in the final column.

CONCLUSION

Both Acute and chronic pancreatitides provoke severe
inflammation and damage. They result in local and sys-

temic complications and are associated with high rates
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Table 2. Studies using stem cell therapy in chronic pancreatitis.

Study conducted Source of Triggering Mode of Stem cell
by stem cells agent Animal delivery quantity Outcomes
Zhou Umbilical Dibutyltin  Rat Intravenous 2 x 10° cells/kg Inhibition of pancreatic stellate cell activation
etal. (45) cord (rat) dichloride Enhanced histological scores
Decreased fibrosis and expression of pro-in-
flammatory cytokines
Kawakubo Amniotic Dibutyltin  Rat Intravenous 1 x 108 cells Inhibition of pancreatic stellate cell activation
etal. (74) membranes dichloride Inhibition of pancreatic stellate cell activation
(human) Decreased histological score, reduced infiltra-
tion of CD68-positive macrophages
Reduced expression of MCP-1 and amylase
Marrache Bone Cerulein Mice Tail vein 5 x 10° cells Stem cells derived from the bone marrow may
etal. (75) marrow injection contribute to stellate cells in the pancreas
(mice) (impacting tissue repair)

Minimally contribute to pancreatic ductal
epithelium

of morbidity and mortality. Thus far mainly supportive
forms of therapy exist and despite early and aggressive
treatment, the outcomes can be dismal at times. Hence
any opportunities for therapy should be considered and
explored as they may help to improve the overall progno-
sis and result. The use of stem cell therapy for both acute
and chronic pancreatitis is gaining interest and recogni-
tion given the results of studies that have been conduct-
ed so far. It helps to prevent pancreatic damage, fibrosis,
and suppresses inflammation along with a reduction in
markers of inflammation and cell injury.

Some centers are performing beta-cell transplants in di-
abetic patients but the use of stem cells in patients with
acute and chronic pancreatitis is scarce. Centers such
as the Hope Medical Group in China and the Regenera-
tion Center in Thailand are utilizing stem cell therapy for
acute and chronic pancreatitis. Information regarding the
outcomes and the number of procedures as well as how
posttransplant patients are evaluated for success is not
readily available. In the United States, the Food and Drug
Administration (FDA) has not approved the use of stem
cells for acute and chronic pancreatitis.

In addition, iPSC stem cells are not fully understood and
before considering them as possible sources of stem
cells therapy for acute or chronic pancreatitis, more trials
must be conducted. Although initial evidence points to
their inefficiency in truly developing into desired cell lines,
they may still be beneficial for their immunomodulatory
effects that were witnessed with MSCs and embryonic
stem cells. Their advantages include the massive avail-

ability and that the ethical issues associated with har-
vesting embryonic stem cells do not apply to iPSCs (47).

The ARRIVE (Animals in Research: Reporting In Vivo Ex-
periments) guidelines as outlined by Kilkenny et al. (76)
provide a proper framework to report animal-based re-
search. Published in 2010, the guidelines help ensure that
all appropriate data are reported to mitigate possible dis-
crepancies between preclinical research and clinical trials.
They also help guide humane use of animals in scientif-
ic research in accordance with the “3Rs Principles” (i.e.,
Replacement, Reduction, and Refinement) (76). Further
analysis of these animal studies under the context of
these guidelines would allow for more detailed evaluation
and more refined conclusions can be drawn. The scope of
that is beyond the realm of this mini-review.

Hence, studies on humans are yet to be undertaken and
even the animal model studies, though they show prom-
ising outcomes, need further exploration. Extrapolation
of the results in the animal studies to humans is not fea-
sible as the studies themselves have several variabilities.
Further investigation still needs to be performed before
data can ultimately be applied to patient populations.
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