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1. Introduction

Chronic pancreatitis is characterized by destruction of pancreatic parenchyma, inflammatory
cell infiltration, and irregular fibrosis, accompanied by insufficient pancreatic exocrine,
endocrine function and clinically by chronic abdominal pain, diabetes, maldigestion,
malnutrition and even pancreatic cancer.The proposed pancreas regeneration mechanisms
have included ductal progenitors, acinar transdifferentiation, circulating progenitors, and
putative pancreatic stem cells (Granger and Kushner, 2009; Pittenger et al., 2009). Bone
marrow (BM) harbors a pool of stem cells capable of differentiating into multiple tissue types.
Bone marrow-derived cells have the potential to transdifferentiate into multiple lineage cells.
With their regenerative potential and immunoregulatory effect, MSC therapy is a promising
tool in the treatment of degenerative, inflammatory, and autoimmune diseases, including
chronic pancreatitis.

2. Histopathology of chronic pancreatitis

Chronic pancreatitis (CP) is a progressive fibroinflammatory disorder of the pancreas
characterized pathologically by fibrosis and permanent destruction of acinar cells. Although
the etiologies of CP may differ, the histologic features of the disease are similar. The key
histopathologic features of CP are pancreatic fibrosis, acinar atrophy, chronic inflammation,
and distorted and blocked ducts. In sequential fashion, variable interlobular, lobular, and
ductal fibrosis may be seen throughout the gland in the early stages of CP and become more
diffuse as the disease progresses. As acinar cells within the lobules are destroyed by fibrosis,
exocrine dysfunction ensues. The islets of Langerhans are generally preserved until CP is
advanced, and endocrine dysfunction generally lags behind that of the exocrine pancreas. In
advanced stages, subintimal fibrosis of blood vessels can be demonstrated and nerve fibers
are drawn into the fibrotic process. Infiltrating into these areas of fibrosis are lymphocytes,
plasma cells, and macrophages.
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2 Chronic Pancreatitis

Pancreatic stellate cells (PSCs) play a key role in pancreatic fibrosis. The PSC has been
demonstrated in vitro and in vivo to be primarily involved with collagen deposition and
eventual fibrosis. PSCs are activated by cytokines released from infiltrating leucocytes and
the injured acinar cells. The end stage of chronic pancreatitis is identified by loss of all
secretory tissue, disappearance of inflammatory cells, and intense fibrosis. This progression
resembles that from chronic active hepatitis to liver cirrhosis. Additional distinctive
histologic features have been described in some forms of CP, such as extensive pancreatic
calcification in tropical pancreatitis and a prominent lymphocytic and plasma cell infiltrate
in autoimmune pancreatitis.

3. The mechanisms of pancreas self-renew

How does the injured pancreas self-renew ? Where do the cells involving the pancreatic
regeneration and self-renewing come from? These are the questions have not been clarified
for a long time. Pancreas regeneration has been studied for more than 30 years and until
now, the search for specific pancreatic stem cells has focused on pancreatic ductular cells,
pre-existing P cells, and embryonic stem cells.

Pancreatic ductal cell lines and primary ductal cells have been successfully differentiated
into insulin-expressing cells by in vitro approaches, including treatment with growth factors
(e.g., EGF, Gastrin, exendin), expression of pancreatic transcription factors, and aggregation
(Xia et al, 2009; Hanley et al, 2008; Weir et al, 2000,2002,2009). Neogenesis of insulin-
producing cells from differentiated pancreatic ductal cells results from their
dedifferentiation into progenitors, expressing markers like PDX1 (Pancreatic and duodenal
homeobox 1), which redifferentiate into insulin-producing and other pancreatic cells. Hence,
“terminally” differentiated ductal cells can be considered facultative stem cells. Like ductal
cells, lineage-marked acinar cells in response to EGF underwent in vitro differentiation into
insulin expressing cells (Minami et al.,2005). A role for acinar-to-ductal transdifferentiation
has also been suggested in conversion of acinar cells into endocrine cells. These observations
demonstrate that multiple cell sources can differentiate into insulin-producing cells under in
vitro culture conditions.

Animal models in which pancreatic endocrine and exocrine regeneration can be observed
include chemically induced models of pancreatic injury following administration of alloxan
(Davidson et al., 1989; Waguri et al., 1997), streptozotocin (Like & Rossini, 1976) or caerulein
(Elsasser et al., 1986), dietary copper deprivation (Abdullah et al.,2000), physical disruption
of pancreatic duct function by cellophane wrapping of the organ (Wolf-Coote et al., 1996;
Rafaeloff et al., 1997)or ligation of the pancreatic duct, hemipancreatectomy (Weir et al., 1993;
Sharma et al., 1999 ) and local over-expression of Regl (Yamaoka et al., 2000), IFNy (Kritzik
et al., 1999; Gu et al., 1997) or TGF-a (Sandgren et al., 1990). Although the triggers may differ,
in each of these models pancreatic regeneration is thought to occur through the expansion of
progenitor cells present either in, or closely associatedwith, the ductal epithelium. In these
models, both endocrine and exocrine cells have been observed to arise from duct cells.
Supporting this observation, ‘transitional” cells have been identified that co-express ductal
markers with endocrine or exocrine cell-specific markers, suggesting a reprogramming of
duct-like cells (Gu et al., 1993,1994; Wang et al.,1995).
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In many of these models of regeneration, there is a striking proliferation of ductal epithelia
and newly formed ductal complexes. In the 90% pancreatectomy model, regeneration has
been suggested to mimic embryonic pancreogenesis with proliferation occurring initially
from expansion of the common pancreatic duct epithelium followed by branching of smaller
ductules and subsequent regeneration of exocrine, endocrine and mature duct cells (Weir et
al.,1993). In contrast, in models of exocrine pancreatic injury, ductal proliferation has been
ascribed to condensation of the existing ductular network (Kelly et al.,1999), de-
differentiation of acinar cells to duct-like cells, or, as in the pancreatectomy model, to
proliferation of the ductal epithelia. In summary, models of pancreas regeneration reveal
that islet and acinar regeneration occur proximate to ductal tissue.

Acinar and endocrine cells probably have a similar epigenetic profile as they share a
common multipotent progenitor, which should make transdifferentiation of acinar cells into
[-cells easier than from non-pancreatic cells (Gu et al.,2003).

In the adult pancreas, acinar cell growth is influenced by hormonal stimulation, notably by
the gut hormone cholecystokinin (CCK). It is reported that CCK induces adaptive acinar cell
growth by causing nuclear translocation of nuclear factor of activated Tcells (NFAT) via the
Ca?*/calmodulin-dependent phosphatase calcineurin (Gurda et al.,2008 ). In response to
injury, the pancreas activates regenerative processes to maintain tissue homeostasis. The
prevailing notion is that after injury, acinar cells might dedifferentiate into a ductal
epithelium that expresses early developmental factors. These ‘facultative progenitor cells’
would then redifferentiate into mature acinar cells. Two recent reports highlight the
importance of the expression of embryonic factors by acinar cells in guiding the regenerative
process. It is showed that reactivation of the Notch signaling pathway during injury from
caerulein-induced pancreatitis is required for acinar cell regeneration (Siveke et al., 2008).
Fendrich et al. found that embryonic signaling by Hedgehog was upregulated in acinar cells
after caerulein-induced pancreatitis, and that its blockade either pharmacologically or
genetically, using PDX1 or elastase-Cre recombinase, allowed the formation of a ductal
epithelium from acinar cells, but it did not permit the redifferentiation into acini (Fendrich et
al., 2008). Intriguingly, the authors suggest that the ‘redifferentiation arrest’ might provide a
link between pancreatitis injury and subsequent neoplasia. The results also underscore the
capacity of the acinar cell to revert to an earlier progenitor state in response to injury.

Recent findings suggest that pancreatic progenitor cells might not be limited to the pancreas,
but that cells from other tissues could be mobilized and induced to differentiate and
contribute to the regenerative process. Stimuli such as surgical removal of a part of the
pancreas, cellophane wrapping and transplantation of bone marrow cells can induce
pancreatic regeneration to different extents.

Advances in defining the molecular basis of early pancreogenesis have contributed to an
understanding of the process of regeneration that occurs in animal models of pancreatic
injury and diabetes. However, pancreatic progenitor cell populations remain poorly defined
and the subject of considerable debate (Andrew et al., 2004).

The question remains open whether a pluripotent pancreatic progenitor cell exists or
whether duct associated regeneration reflects the inherent plasticity of these cells. GLUT-2
(glucose transporter 2) has been reported to be a potential marker of progenitor cells
because it is induced in ductal or islet cells in models of regeneration.
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4 Chronic Pancreatitis

In suspension culture, rat acini lose their exocrine phenotype and express the duct-cell
markers cytokeratin (CK)-7 and CK-20 coincident with PDX1, Ptfla and Flk1. The continued
expression of Ptfla and the induction of PDX1 and Flkl in these cells is particularly
intriguing given that both PDX1 and Ptfla are markers of early pancreatic progenitors and
that the ligand of Flk1, VEGF has been implicated in early pancreogenesis and endocrine
development. The induced expression of genes such as PDX1, GLUT-2, Flk1 and Kuz during
pancreas regeneration is particularly interesting as it is clearly reminiscent of embryonic
gene expression programs. This recapitulation of embryonic phenotype is a common theme
in many of the animal models of regeneration and is indicative of the presence of progenitor
cells in the adult pancreas (O'Reilly et al., 1997; Song et al., 1999).

An important feature of epithelial cells is their ability to continuously regenerate. This
process, in the adult, is limited to different degrees in different epithelial organs by the rate
of cell division. For example, epidermal keratinocytes and intestinal cells have a rapid
turnover, whereas pancreatic epithelial cells replicate slowly.

The existence of organ-specific adult stem cells is now widely accepted. However, it is clear
that somatic adult stem cells are rare and therefore difficult to isolate and study. They reside
in a microenvironment or niche (Schofield et al.,, 1978), within which they are closely
associated with tissue stromal cells and daughter cells, which controls and determines their
fate. Identifying the presumptive pancreatic stem cell niche and defining the cellular and
molecular components that regulate pancreas specific developmental programmes remains
the subject of intensive research.

4. Properties and immunosuppressive activity of MSCs

Mesenchymal stem cells (MSCs) are non-hematopoietic cells with multi-lineage potential
(Barry &Murphy,2004). They have been shown to differentiate into various tissues of
mesodermal origin, such as adipocytes, osteoblasts, chondrocytes, tenocytes, and skeletal
myocytes. They can be isolated from bone marrow (BM) and various other sources such as
umbilical cord blood or adipose tissues and have the capacity to extensively proliferate in
vitro. Their capacity to differentiate into various lineages and their in vitro proliferative
potential makes them attractive targets for regenerative medicine applications.

It has been demonstrated that MSCs possess immunomodulatory properties. MSCs are
shown to inhibit T cell proliferation and to influence the maturation and expression profile
of professional antigen presenting cells such as dendritic cells (DCs). For instance, MSCs
from various species (humans, rodents and primates) can suppress the response of T cells to
mitogenic and polyclonal stimuli and to their cognate peptide. Such an effect is not cognate
dependent because it can still be observed using MSCs from third-party donors fully
mismatched for the MHC haplotype of the responder T cells or MSCs which are
constitutively negative for MHC molecule expression. MSC-induced unresponsiveness lacks
any selectivity, as it similarly affects memory and naive T cells as well as CD4* and CD8*
subsets.

The characterisation of MSC-induced anergic T cells showed that the inhibitory effect of MSCs
is directed mainly at the level of T cell proliferation. T cells stimulated in the presence of MSCs
are arrested at the G1 phase as a result of cyclin D2 downregulation. The expression of CD25
and CD69 markers of T cell activation is completely unaffected by MSC co-culture, and
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inhibition of T cell effector functions can be reversed by MSCs removal. Whilst MSCs induce
an unresponsive T cell profile, they can prevent the apoptosis of activated T cells, indicating
that MSC-mediated immunosuppression results from an induced division arrest anergy.

The effects of MSCs on immune responses are not confined to T cells. Although they are
susceptible to recognition and lysis by IL-2 activated cells and natural killer (NK) cells in
vitro, due to their low expression of HLA class I, MSCs have been demonstrated to be
capable of inhibiting the proliferation of interleukin-2 (IL-2) or IL-15 stimulated NK cells.
Whilst there is agreement on the immunosuppressive ability of MSCs on NK cells, their
influence on NK cell-mediated cytotoxicity remains controversial. Initial data suggested that
MSCs could inhibit the cytolytic activity of IL-2 activated NK cells, but more recent studies
have shown that lysis of HLA I positive allogeneic targets by freshly isolated NK cells is not
inhibited by MSCs. NK cells” cytokine production is also influenced by MSCs, which are
able to induce the release of IFN-yand TNF-a.

The effect of MSCs on B cell proliferation remains controversial. Studies in the mouse and
humans showed that MSCs inhibit B cell proliferation, inducing a block in G0/G1 phase of
the cell cycle. MSCs have also been shown to inhibit the differentiation of B cells to antibody
secreting cells as well as downregulating CXCR4, CXCR5 and CCR7 chemokine receptors. In
contrast, other studies have suggested that human MSCs promote the proliferation and
differentiation of B cells from healthy donors and patients with systemic lupus
erythematosus. Although apparently in contradiction, the opposing results of these studies
can be reconciled by the different conditions in which B cells have been stimulated. As a
result of different B cell stimulation, the secreted cytokines could in fact polarise MSC
towards a proinflammatory phenotype. This concept is well established for other cell types
with regulatory functions, such as monocytes/macrophages.

Considering their regenerative potential and immunoregulatory effect, MSC-therapy is a
promising tool in the treatment of degenerative, inflammatory, and autoimmune diseases.
However, the current understanding from results of clinical trials is that MSC-therapy is
safe but its therapeutic efficiency needs to be improved (Trento & Dazzi, 2010).

5. Experimental study of MSCs on chronic pancreatitis

One additional and crucial feature of MSCs is their ability to selectively migrate to sites of
injury. However, the use of MSCs in pancreatic regeneration is just now emerging.

With above-mentioned provocative in vitro and in vivo observations, we sought to observe
the protective properties and to explore the potential mechanism of the BMSCs in treating
CP rat model. Our study demonstrated that BMSCs in rats caused (1) an intensified and
much higher GFP (green fluorescent proteins) fluorescence expression of positive GFP-
labeled cells in the pancreatic tissue of model plus BMSCs (GFP*) group compared with that
of the control group (Fig 3) ; (2) a marked attenuation of pancreatic pathological injury and
fibrosis of BMSCs treated group compared to those of model group (Fig 2; Fig 4; Table 1) ;(3)
a significant reduction of pancreatic CTGF, TGF-3, type-I collagen, type-III collagen and
MPO activities(Table 2). Our findings suggest that BMSCs have obvious therapeutic effects
in the treatment of CP, which may be related to their recruitments to the damaged
pancreatic tissue as seeds cells and their inhibition of CTGF,TGF-{ release by autocrine or
paracrine effects, thus decreasing the type-I collagen, type-III collagen and MPO producing.
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6 Chronic Pancreatitis

In our study, it was revealed that BMSCs only recruited to the injured pancreas. In the sham
plus BMSCs (GFP*) group, although BMSCs (GFP+) were transplanted to the rats as model
plus BMSCs (GFP*) group, the GFP fluorescence was still absent in the pancreas tissue(Fig
3). As for the mechanism of BMSCs homing to the injured pancreas, a growing number of
studies of various pathologic conditions have demonstrated that MSC selectively home to
sites of injury, irrespective of the tissue. Homing involves a cascade of processes initiated by
shear resistant adhesive interactions between flowing cells and the vascular endothelium at
target tissue. This process is mediated by ‘homing receptors” expressed on circulating cells
that engage relevant endothelial co-receptors, resulting in cell-tethering and rolling contacts
on the endothelial surface. This is typically followed by chemokine triggered activation of
integrin adhesiveness, firm adhesion and extravasation.

Therefore, we may deduce the mechanisms of MSCs treating CP as followed three points. The
first one is that MSCs can recruit to and reside in the injured pancreas as the “seed cells”, also
they can differentiate into the pancreatic “target cells” or “functional cells” such as acinar cells,
Islet(like) cells, ductal cells and pancreatic stem cells, etc. Second, MSCs exert their
regenerating effects through the paracrine/autocrine function, secreting many kinds of
bioactive molecules (such as stem cell growth factor, SCGF), antagonizing the effects of
proinflammatory cytokines, alleviating the pathological injury, inhibiting the proliferation of
the pancreatic stellate cells. The latter is that MSCs can ameliorate the immune-inflammatory
injury within the pancreas by their immunosuppressive and immunoregulatory functions
which include inhibiting the T lymphocytes, cyto-toxic T lymphocytes, NK cells, macrophages
and mast cells. However, the details of the mechanisms abovementioned remain an active area
of investigation.

Fig. 1. Subcultured BMSCs in vitro. Phase contrast micrograph of mesenchymal stem cells
cultured on day seven passage 2 (40%). Rat BMSCs were successfully isolated from bone
marrow via gradient centrifugation, expanded in monolayer culture. Most of the non-
adherent cells were removed during the first media change at 24 h. Three days after culture,
the BMSCs began to stretch. Colonies of fibroblast-like cells attached to the plastic were
evident at day 4-5 after initial seeding. Cell colonies were formed and number of adherent
cells increased rapidly, BMSCs reached 80-90% of confluence by 12 day and arranged
regularly in the swirl shape.
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a) Sham plus BMSCs (GFP+ b) Chronic pancreatitis model
p p

(c) Model plus BMSCs(GFP+)

Fig. 2. Gross appearance of pancreas tissue in sham plus BMSCs (GFP*) (a), model (b) and
model plus BMSCs (GFP*) groups (c). a and ¢, pancreas has an intact appearance. b, note
the scattered thickening, swelling foci and markedly dilated biliopancreatic duct.

n Histologic score Fibrosis score
sham+BMSCs (GFP¥) 10 0 0
model 10 7.9242.58* 1.98+0.57*
model+BMSCs (GFP+) 10 2.17+0.37# 0.38+0.09#

*P < 0.001 vs sham +BMSCs (GFP+) group. #1P <0.01 vs model group

Table 1. Histopathologic and fibrosis scores of pancreas tissue in all groups (mean+SD)
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(a) Sham plus BMSCs (GFP+) (b) Chronic pancreatitis mode

. "o
(c) Model plus BMSCs(GFP+) (d) Model plus BMSCs(GFP+)
(low magnification) (medium magnification)

(e) Model plus BMSCs(GFP+)
(high magnification)

Fig. 3. GFP+-BMSCs in the frozen pancreatic sections. No positive green fluorescence
appeared in the pancreatic sections of sham plus BMSCs (GFP*) group (a), model (b).GFP
signals were clearly observed in pancreas from frozen sections after GFP*-BMSCs
transplantation of model plus BMSCs (GFP*) group examined in fluorescence microscopy/(c,
low magnification; d, medium magnification; e, high magnification).
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LR T Pt/ v h
R A o AT

(c) Model plus BMSCs(GFP+)

Fig. 4. Representative light microscopic appearances of the pancreas stained with
hematoxylin and eosin (H&E). a. In sham plus BMSCs (GFP+) group, no alteration was
observed. b. In model group, massive infiltration of inflammatory cells, with disappearance
of acinar cells are evident. c. In model plus BMSCs (GFP+) group, the distribution of fibrosis

and inflammatory cells were markedly attenuated and acinar cells and lobular architecture
can be seen.

n CTGF TGE-p collagenI collagen III
(pg/ mg (pg/ mg (pg/ mg  (ng/ mg MPQ
prot) prot) prot) prot) (mU/mg prot)
?g;‘;}:;BMSCS 10 198498 101429  60.9+151 184462 0.41+0.14

model 100 97981008+ 58769.1* 24574358 73.14104*  2.75+047

E‘é‘;‘iﬁl;’BMSCS 100 12144201%  18.9+47# 142940854 358+10.1#  1.12+0.18

*P < 0.001 vs sham +BMSCs (GFP+) group. #1P <0.01 vs model group

Table 2. Pancreatic CTGF, TGF-p, collagen I, collagen III and MPO contents in all groups
(mean%SD)
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6. Safety issues

The first clinical trials with adult stem/progenitor cells to repair non-haematopoietic tissues
were carried out with MSCs (Prockop et al., 2007). The initial clinical trials with MSCs were
in osteogenesis imperfecta patients (Horwitz et al.,2001) and in patients suffering
mucopolysaccharidoses (Koc et al.,2002). Other indications for which clinical trials using
MSCs have been initiated are suppression of GVHD severe autoimmune diseases, repair of
skeletal tissue, amyotrophic lateral sclerosis, chronic spinal cord injury, non-healing chronic
wounds, vascular disease, coronary artery disease and myocardial infarction. Currently, the
largest number of clinical trials is in patients with heart disease with MSCs.

As of this writing, more than 100 clinical trials involving MSCs transplantation have been
registered with the US Food and Drug Administration (www.clinicaltrials.gov). While most
of the studies are currently ongoing or are small Phase I and Phase II safety trials, current
findings suggest that MSCs transplants are safe and offer no suggestion of malignancy risk.

Currently, bone marrow, subcutaneous adipose tissue and umbilical cord blood are among
the main sources for isolating MSCs. Human trials of MSCs transplantation are roughly
evenly divided between the use of autologous and allogeneic cells and these trials employ
both freshly-isolated and ex-vivo culture expanded cell populations. While most MSCs used
for transplant are derived from BM, cells isolated from adipose, umbilical cord, and other
MSC sources such as peripheral blood liver are being employed. These clinical trials employ
MSCs for a multitude of different purposes in different disease states, including tissue
replacement in musculoskeletal, cardiac and liver diseases, and as immunomodulatory cells
to mitigate GVHD, organ transplant rejection and autoimmune disorders.

The main potential risks might paradoxically centre on the exquisite ability of MSCs to
suppress immune responses, which may promote a state of immune deficiency leading to
infection or activation of benign tumours (Djouad et al., 2003). Another concern is whether
administered MSCs promote the growth of a latent tumor. MSC can be recruited to the
stroma of developing tumors when systemically infused in animal models for glioma, colon
carcinoma, ovarian carcinoma, Karposi’s sarcoma and melanoma. Other detrimental effects
might involve the ability of MSCs to migrate to tumours, which could lead to reciprocal
interactions between MSCs and malignant cells thus promoting tumour growth and
metastasis (Karnoub et al.2007). A further tumourigenic risk may be associated with
extensive in vitro culture of MSCs, which has been shown to initiate cytogenetic
abnormalities and subsequent tumour formation upon transplantation in murine hosts.
However, there is increasing evidence that with respect to the risk of MSCs transformation
and subsequent tumor formation initiated by MSCs, human MSCs appear to be safe.
Therefore we feel impelled to strongly recommend at this point careful quality control
procedures for all cell preparations. These should be implemented for all kinds of cell-based
therapies. Suffice it to say that before administering MSCs to patients the cell preparations
have to undergo careful phenotypic, functional, and genetic characterizations.

In conclusion, the record of safety for MSCs in general is excellent and we anticipate that after
successful conclusion of ongoing preclinical and clinical tests, MSCs will be gradually
introduced into clinical practice for a number of disease conditions in the coming years.
Careful pre-administration safety monitoring as well as close monitoring of the patients are
important pre-requisites for the success of this novel form of therapy. Regulatory bodies such
as the US Food and Drug administration and the European Union have recently established a
set of regulations for cell-based therapeutics. With continuous and open interactions between
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investigators, research institutions and regulatory bodies, successful, and most importantly,
safe cell-based therapies will become routine for patients” treatment in the near future.
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