Memodorozis HayKoeux 00CAIOXKeHD
Scientific research methodology

IllanoBHi kosaern! Y pyopuui ,,MeTom0/10risi HAYKOBHX J0CIiIKeHb” peJaKiisi NPOJOBKY€E MyOJrika-
il MaTepiaaiB, 0 MOB’A3aHI 3 HAWBAKJIMBILIMMH ACIIEKTAMHM HAYKOBOI I HABYAJIBbHOI JiIbHOCTI: opra-
Hi3aniifHO-MeTOAMYHUM 3a20e3le4eHHIM HAyKOBHX BH/AaHb, 3araJIbHUMH NPUHIUNAMH CTAaTHCTHYHOIO,
0ioMeTPHYHOr0 i MATeMaTHYHOI0 CYNPOBOMKEHHS AOCHiIKeHb, 4 TAKOK OPUTiHATbHAMH MeTOIUYHHUMH
nigXoaaMu BiTYM3HSIHMX i 3apyOiskHHX MopdoJioriB.

N.V. Stanishevska DOI: https://doi.org/10.26641/1997-9665.2021.1.79-87

Dnipro, Ukraine PANCREATIC STELLATE CELLS: THE
Haoiiuna: 22.02.2021 TOP MANAGERS OF THE PANCREATIC
Hpuitama: 10.03.2021 TUMOR MICROENVIRONMENT

Stanishevska N.V. D4 Pancreatic stellate cells: the top managers of the pancreatic tumor microenvironment.
Dnipro State Medical University, Dnipro, Ukraine.

ABSTRACT. Background Stellate pancreatocytes, being cells - producers of stromal components, actively interact with
cancer cells, determine the formation of a stromal barrier between the latter and thereby provide tumor chemoresistance.
Objective The review is devoted to the analysis of recent data on the role of stellate pancreatocytes in the formation of the
stromal microenvironment of pancreatic tumors, molecular mechanisms through which the regulation and realization of stel-
late cell functions is carried out. Methods Data processing was carried out by the method of complex material analysis. Re-
sults. Stellate pancreatocytes (PSC) exhibit phenotypically and functionally two states: inactive and active. PSC activation is
carried out by cells of the developing tumor through a variety of molecular mediators. Activation triggers for PSC are Yes-
associated protein, TGF-f1, miRNA let-7d, IL-8, MCP1, TGF-B2, IGFBP2, and others. 10 actively expressed genes were
identified: TP53, SRC, IL6, JUN, ISG15, CAD, STAT1, OAS3, OAS1, VIM during co-cultivation of a cancer cell line
(PCC) with PSC. PSC deactivation is associated with speckle-type mediator POZ (SPOP) acting through nuclear factor-
kappaB, transretinoic acid (ATRA). Exhibiting their activity, PSCs express several stem cell markers, a-SMA (o-actin of
smooth muscle cells), vimentin, o ITGA 11 (collagen type I receptor), a5 integrin receptor ITGAS (fibronectin receptor),
hyaluronic acid, hyaluronan synthase 2 (HAS2), hyaluronidase 1 (HYAL1), BAG3 , matrix metallopeptidase 2 (MMP2),
Nodal protein, miR-1246 and miR-1290, miR-210, CCN2 (connective tissue growth factor), TRPV1, SP and CGRP (Calci-
tonin gene-related peptide) and many other factors. Conclusion. Stellate pancreatocytes, being producers of the interacinar
stroma, are activated by various factors (TNF-a, IL-6, MCP-1, ATP, and HMGBI, etc.), including factors produced by tumor
cells of the pancreas, and act as regulators of proliferation, migration, and suppression apoptosis of the latter. An increase in
the expression of a ITGA 11 (type I collagen receptor), a5 integrin receptor ITGAS (fibronectin receptor), metallopeptidases,
Nodal protein, miR-1246, miR-1290, and miR-210 is observed in tumor tissue, that indicates the activation of these cells. The
maintenance of the active state of PSC is provided by tumor cells, for which stellate pancreatocytes are partners in the pro-
gression of the neoplastic process. Further study of the mechanisms of interaction in the PSC-tumor cell system creates the
prospect of revealing levers of influence on the pathogenesis of pancreatic tumors.
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Introduction

Stellate pancreatocytes (PSC) as cells - promot-
ers of carcinogenesis remained the focus of attention
of the scientific community in recent years. PSCs
mediate proliferation, migration and suppress apop-
tosis of pancreatic cancer cells. Also, these cells
stimulate the epithelial-mesenchymal transition, the
formation of phenotypes of cancer cells similar to
stem cells, which increases resistance to the applied
therapy, metastasis, and relapses. By acting on endo-
thelial cells, neuroelements, B-cells of the islets PSC
induce angiogenesis, neurogenesis, as well as disrupt
the functional state and cause apoptosis of B-cells.
Stellate pancreatocytes stimulate apoptosis of T
cells, suppress the infiltration of tumor tissues by the
latter, and can activate histiocytes, thereby modulat-
ing the local immune response [1]. Stellate pancre-
atocytes located between the lobules and covering
the pancreatic acini, manifest themselves as pluripo-
tent cells, the activation of which by various factors
causes their transformation into myofibroblast-like
cells. These cells are the main source of the extracel-
lular matrix proteins synthesis, thereby form fibrotic
masses in the tissue of the pancreas. Fibrosis in this
case is able to capture the islets, causing the premis-
es for the development of diabetes. As the main pro-
ducers of the complex microenvironment pancreatic
adenocarcinoma stroma, PSCs actively influence the
progression of the tumor process and its metastasis
[2,3]. By ensuring the deposition of collagen fibers
in the interacinar space, PSCs affect the mechanical
properties of the pancreatic microenvironment [4].
The stellate cells of the pancreas determine the loca-
tion of collagen fibers, the adhesion of the latter to
other elements of the extracellular matrix, as well as
stromal viscosity and elasticity [5]. Similar functions
are typical for myofibroblast-like cells [6]. Compac-
tion of the desmoplastic tissue of the pancreas dur-
ing carcinogenesis can be influenced in order to
change its mechanistic properties, which will im-
prove the delivery of chemical agents directly to the
tumor [5].

Morphology of PSC and their involvement in
carcinogenesis

Morphologically stellate pancreatocytes in cell
culture can take the following forms: quiescent flat-
tened cells with lipid inclusions; elongated, angular-
looking cells with lipid droplets; cells with dense
lipid droplets; activated PSCs with long extensions
without lipid droplets [7]. Quiescent desmin-positive
PSCs have a polygonal shape, with luminescent lipid
droplets, and express transcriptional labels, the panel
of which changes upon activation and show a lower
ability to proliferate and migrate compared to fusi-
form activated PSC [8]. The further development of
events of activated PSC can have two options: the
first is the lifelong preservation of the activated sta-
tus, even in the absence of paracrine activation cata-
lysts, which leads to the formation of pancreatic fi-
brosis. And the second is to return to the previous
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quiescent (inactive) state [9]. Indications that the
aggregate of PSC cell cultures and pancreatic cancer
cells provide an enhancement of the proliferation,
migratory and invasive properties, confirm the influ-
ence of these cells on the formation and progression
of a tumor. Moreover, traces of PSC were found in
metastases originating from a pancreatic tumor.
These cells should be considered not only as pro-
ducers of various transmitters-inductors of carcino-
genesis but also as regulators of this process. PSC
has been shown to induce an increase in resistance to
gemcitabine (the drug of choice for chemotherapy)
and radiation therapy in cancer cells and demon-
strate laminin and fibronectin synthesis, which sup-
press apoptosis of cancer cells. The synthesis of type
I collagen, SPARC, and metalloproteinases 1 and 2
by stellate pancreatocytes, promotes the invasive
properties of the tumor by damaging the intercellular
substance, which aggravates the prognosis [10]. Ac-
cording to some data, PSC creates about half of the
tumor stroma, inducing desmoplasia, remodeling of
the extracellular matrix, epithelial-mesenchymal
transition, and the spread of the tumor process [11].
Carcinogenesis causes PSC activation, at which cells
begin to produce connective tissue components, ac-
tivation is provided by Yes-associated protein, inhi-
bition of which leads to the deactivation of PSC,
while increased expression of Yes-1-associated pro-
tein correlates with the expression of SPARC (a pro-
tein involved in the interactions of the extracellular
matrix connective tissue, cell migration) [12].

Stellate pancreatocytes of the islets of Langer-
hans

In the endocrine islets of Langerhans, the de-
tected PSCs can rather be considered as a subpopu-
lation [13]. However, PSCs demonstrate the expres-
sion of several stem cell markers, which makes it
potentially possible for their differentiation, includ-
ing into islet B-cells, which is confirmed by in vitro
experiments [14]. Co-cultivation of PSC and islet
cells (Min6 — B-cell culture) reveals increased insu-
lin secretion with a simultaneous decrease in its con-
tent in the cells themselves. Also, the combined ef-
fect of PSC and Min6 cells on IL6 does not alter
either the expression of B-cell specific genes or the
expression of miRNA [15]. Lipid loading (lipid in-
toxication) decreases the expression of ligands asso-
ciated with lipid metabolism (especially SREBP-1c¢)
in islet stellate pancreatocytes. Stimulation of
SREBP-1c expression increases islet viability and
ultimately insulin production [16]. In retinol-
deficient mice, a change in the shape of the islets is
noted, which also demonstrates an increased synthe-
sis of a-actin of smooth muscles, which is character-
istic of the increased activity of islet stellate cells.
The activation is leveled by the administration of
retinol. In a culture of islet stellate cells saturated
with retinol, there is an increased expression of
CRBP1, a retinol-binding protein, the knockdown of
which provides the phenotype of quiescent islet stel-
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late cells and thereby reduces their damaging effect
on islet function [17].

Co-cultivation of PSC and adenocarcinoma
cells allows to investigate their interactions

To study the properties, secretome, and in-
volvement of stellate pancreatocytes in signaling
pathways, mouse and human panels of immortalized
cells are used, which, however, differ in the activity
of collagen secretion, response to stimulation of
TGF-B, growth rate, and composition of the secre-
tome [18]. Due to the fact that when PSC are isolat-
ed from the pancreatic tissue, their activation occurs,
the study uses the a-SMA (a-smooth myocyte actin)
marker, which is indirect, since it is characteristic
not only of activated PSCs but also of myofibro-
blasts, smooth muscle cells, and pericytes and more
characterizes the biotransformation of PSC into my-
ofibroblasts than activation. Another, a more unified
indicator of PSC activity is the disappearance of
retinoid inclusions, fat-like droplets in the cytoplasm
of cells. To assess the purity of a culture, it is advis-
able to use several markers [19, 20]. Despite some
difficulties in isolating pure cultures and discrepan-
cies in growth dynamics, secretory and structural
characteristics, primary PSC cell lines isolated from
various pathologies, including tumors, can serve as a
source of PSC production [21]. It is also possible to
obtain a culture of these cells by the growth of stel-
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late pancreatocyte (PSC) and pancreatic tumor cells
(PSC) lines from the same tumor sample due to dif-
ferences in secretions and growth rates. Thus, PSCs
exhibit mutations in the KRAS and TP5 proteins, as
well as the expression of cytokeratin 19, ki-67, and
p53, while PSCs stably express a-SMA and vi-
mentin. Tumor cells also show a higher growth rate
compared to stellate pancreatocytes [22].

Factors influencing the activation of stellate
pancreatocytes

Damaged acinar cells, immune cells produce
cytokines, growth factors that activate stellate pan-
creatocytes by the paracrine way, which in turn also
secrete various modulators by an autocrine way that
maintain the activated phenotype of these cells for a
long time, which leads to excessive deposition of
stromal elements and fibrosis [23]. The PADI 4 en-
zyme provides the deployment of the extracellular
neutrophil trap effect, which leads to the transfer of
cytoplasmic proteins and DNA into the extracellular
space. The DNA of neutrophils activates the stellate
cells of the pancreas, which are involved in fibrosis,
promoting the proliferation and metastasis of pan-
creatic cancer. However, treatment with DNase and
removal of the receptor for advanced glycation end
products (RAGE) in stellate cells neutralize the
stimulating effect of DNA on PSC proliferation and
tumor progression [24] (Figure 1).

DNAH‘ PSC

PADI 4 ::::—
cvtoplasmic
proteins

neutrophil

Fig.1. Neutrophil extracellular trap PADI 4— enzyme peptidyl arginine deiminase 4, NET—neutrophil extracellular trap.

The effect on PSC activation is claimed by
speckle-type POZ protein (SPOP), knockdown of
which leads to a progressive increase in the activity
of primary PSCs by initiating the nuclear factor-
kappa B (NF-kB) / interleukin-6 (IL-6) signaling
pathway. Suppression of PSC activation by SPOP
may in part depend on the Fas-associated death do-
main (FADD), which is a substrate for SPOP and
activates NF-kB. Activation of the Fas receptor or
“death receptor” leads to programmed cell death
(apoptosis) [25]. BAG3 secreted by activated PSCs
supports the activation of the latter and stimulates
the invasion of ductal adenocarcinoma cells through
the release of a whole complex of cytokines, as well
as through IL-8, MCP1, TGF-B2, and IGFBP2, act-
ing according to a paracrine mechanism in the case
of invasion regulation and an autocrine mechanism
in the case of PSC activation [26]. PSC activity is

also regulated by miRNA let-7d, by inhibiting the
activation of these cells through THBS1 (thrombos-
pondin 1) [27]. Determined and other signaling fac-
tors causing the activation of stellate pancreatocytes:
transforming growth factor B (TGF-B); platelet
growth factor; MAPK (mitogen-activated protein
kinase); Smads (signaling molecules TGF-f); nucle-
ar factor pathways [28]. Transretinoic acid (ATRA)
may trigger the restoration of the dormant state of
the PSC by inhibiting the ability of these cells to
modify the extracellular matrix [29]. PSCs are also
able to respond to mechanical influences that arise
as a result of the physical pressure of pancreatic
juice, as well as to control mechanostasis both dur-
ing normal functioning and during the development
of fibrosis [30, 31] (Figure 2).
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Fig.2. Activation and deactivation factors POZ— Speckle-type POZ protein, TGF- 1, TGF- B 2—transforming growth factor
B, MCP 1-monocyte chemoattract protein 1, miRNA let-7d, ATRA- transretinoic acid.

Calcium fluxes as regulators of stellate pancre-
atocytes

Stellate pancreatocytes do not express melato-
nin receptors. At the same time, thapsigargin, brady-
kinin, or melatonin are able to change the intracellu-
lar concentration of Ca?', and a change in the mela-
tonin concentration in the presence of indole de-
creases the ratio of reduced glutathione / oxidized
glutathione and increases the formation of reactive
oxygen species (ROS) [32]. There is a direct rela-
tionship between intracellular Ca®> * flow and PSC
activation by bradykinin also in the case of acute
pancreatitis [33]. The presence of temporary canoni-
cal channels of the receptor potential of TRPCI,
through which the influx of Ca?" into the PSC is
carried out, which causes an increase in physical
pressure in the tumor, was determined [34]. PSCs
also express KCa3.1 channels, which are also found
in tumor cells. KCa3.1 channels are also associated
with intracellular Ca? * flow and show interaction
with TRPC3 channels. Turning off the activity of the
KCa3.1 channel in the PSC suppresses the migration
stimulation and chemotaxis by reducing Ca*" and
calpain [35]. A decrease in the pH of the intracellu-
lar medium suppresses the flow of Ca?* through the
Piezol channel to the PSC, while the stimulation of
this channel by the Yodal activator promotes the
migration of PSCs in the extracellular space. Piezol
activation under low pH conditions causes cell death
and destruction of PSC spheroids [36]. In the cell
culture of stellate pancreatocytes, exposure to bile
acids, sodium cholate, and taurocholate induces a
strong influx of Ca" into the cell, which leads to cell
necrosis and death, while the effect on neighboring
acinar cells is not too pronounced [37].

Molecular mediators involved in activity of
pancreatic stellate cells

In inactive PSCs, albumin is highly expressed
and binds to lipid droplets of the retinoid, which also
causes the dormancy of these cells and makes them
insensitive to the activating effect of TGF-B (B-
tumor growth factor). Along with the sedative effect
of retinol, artificial promotion of albumin expression
leads to a return to the phenotypically quiescent
form of PSC and demonstrates the reappearance of
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lipid inclusions [38]. Stellate pancreatocytes possess
TLRs (TLRs are toll-like receptors that recognize
the structures of the bacterial cell wall and trigger
the cellular immune response), which makes them
one of the players of innate immunity due to their
ability to phagocytosis of almost any antigens [39].
Transduced PSCs can secrete CCL22 (chemokine
ligand-22 derived from macrophages) and Treg (T
cell regulators), inducing T cell apoptosis and creat-
ing a unique immune environment around islet cells
[40]. The tumor stroma of pancreatic adenocarcino-
ma exhibits overexpression of the a5 integrin recep-
tor ITGAS (fibronectin receptor), the overexpression
of the latter correlates inversely with the prognosis
of survival, since this receptor suppresses PSC dif-
ferentiation and reduces desmoplasia. This is con-
firmed by the deactivation of PSC in the case of the
use of the peptidomimetic AV3 against ITGAS [41].
o ITGA 11, type I collagen receptor, is overex-
pressed in the stroma of adenocarcinoma of the pan-
creas, is absent in a healthy gland, and is reduced in
adjacent healthy areas of the gland. Activated PSCs
increase the regulatory properties of a ITGA 11,
while knockdown inhibits TGF-B- and PANC-1
CM-mediated activation of stellate pancreatocytes
both at the gene level and at the level of extracellular
matrix protein, cytokines, and adhesion molecules,
which indicates the key role of a ITGA 11 in PSC
differentiation and paracrine effects [42]. Hyalu-
ronan (hyaluronic acid) is excessively expressed by
activated PSCs, but much less in quiescent PSCs and
pancreatic tumor cells. Moreover, activated PSCs
produce hyaluronan synthase 2 (HAS2) as well as
hyaluronidase 1 (HYALI1) [43]. Increased expres-
sion of matrix metallopeptidase 2 (MMP2) in adeno-
carcinoma tissues may be due to PSC activation,
which also promotes invasion and metastasis [44].
Inactive PSCs also produce metalloproteinases
(MMPs), including MMP-2, MMP-9, and MMP-13,
and, as evidence of autoregulation, inhibitors of
these proteinases, which indicates their main func-
tion of maintaining the balance of extracellular ma-
trix elements [45]. Stellate pancreatocytes express
Nodal protein, thereby creating paracrine conditions
for the vital activity of pancreatic stem cells, as the

MORPHOLOGIA ¢ 2021 * Tom 15 ¢ Ne 1



main source of tumor development. Nodal protein
acts through a paracrine mechanism on Activin at
the tumor-stroma interface [46]. Cancer pancreato-
cytes progressively increase the expression of miR-
1246 and miR-1290 in stellate pancreatocytes, which
leads to a subsequent increase in the expression of a-
smooth muscle actin [47]. In activated PSCs, in-
creased regulatory activity of miR-210 is noted,
which is associated with hypoxia. The activity of
miR-210 is suppressed by inhibitors of the ERK and
PI3K / Akt pathways, which in turn decreases the
migration ability, the expression of vimentin, snai-1,
and increases the plasmalemma-associated expres-
sion of f-catenin in cancer cells that were co-
cultured with PSC [48].

With the development of pancreatic fibrosis in
activated stellate pancreatocytes, the expression of
CCN2 (CCN2 or CTGF — connective tissue growth
factor), which is involved in the excessive produc-
tion of extracellular matrix components, is in-
creased. The expression of CCN2 is carried out
through microRNA-21 (miR-21), which is also de-
tected in high amounts in PSC, and the mutual influ-
ences of CCN2 and miR-21 are carried out accord-
ing to the principle of positive feedback, the so-
called positive feedback loop; and the substrates
themselves are packed into exosomes that can be
absorbed by other PSCs [49]. When PSC is stimulat-
ed by the transforming growth factor TGF-B1, MI-
AT is activated in combination with increased levels
of a-SMA, collagen I, and COX2; at the same time,
miR-216a-3p is suppressed [50]. An increase in
miR-21 / miR-221 expression was revealed during
two-way communication between PSC cells and
cancer-associated fibroblasts, cancer cells, which
may be responsible for the progression of the tumor
process [51]. In general, the entire process of re-
sponse, the interaction of stromal cells and tumor
cells is reflected in the unfolded protein response
(UPR), a complex signaling interaction in which the
cellular response to molecular imbalance occurs
[52].A genome study of BXPC-3 cell culture, a hu-
man pancreatic cancer cell line often used to study
adenocarcinoma, revealed 10 actively expressed
genes: TP53, SRC, IL6, JUN, ISG15, CAD, STAT]I,
OAS3, OAS1, VIM when co-cultured with PSC,
which can be used to study the interaction between
adenocarcinoma cells and PSC in the neoplastic pro-
cess [53]. The identification of signaling pathways
and molecules that mediate these pathways is ex-
tremely important for the development of anti-
fibrotic therapy. The Yes-associated protein, the
major molecular transmitter of the Hippo pathway,
is overexpressed in activated PSCs in the event of an
inflammatory or neoplastic process in murine and
human cell cultures and is a forward in maintaining
an activated PSC profile. Several factors of the
MAPK pathway, such as p38, reduce YAP levels in
the PSC. YAP knockdown inhibits the activation of
Akt and ERK and also suppresses the expression of

fibrous and inflammatory proteins both with and
without stimulation of TGFp1 stellate pancreato-
cytes [54]. Quiescent PSCs have receptors for chole-
cystokinin, and upon binding, they react with the
release of acetylcholine, which in turn acts on cells
of the pancreatic acinus [55]. PSC produces the es-
sential acid alanine, which is used to fuel the tricar-
boxylic acid cycle, reducing the latter's dependence
on glucose and glutamine. Tumor cells, gradually
fenced off from the vessels by the forming stroma,
also switch to this type of fuel due to the inaccessi-
bility of glucose and other nutrients. Thus, alanine
secreted by PSC plays a key role in maintaining the
vital activity of cancer cells, which in turn stimulate
the process of autophagy in stellate pancreatocytes,
without which alanine synthesis would be impossi-
ble [56].

Conclusion

Stellate pancreatocytes, being the leading pro-
ducers of the tumor microenvironment stroma, are
preliminarily subjected to activation by the cancer
cells themselves through several mediators and cer-
tain signaling pathways, creating favorable condi-
tions for maintaining vital activity, proliferation,
invasion, and migration of neoplastic process cells.
So, in particular, by counteracting immunocompe-
tent cells, by secretion of CCL22 (chemokine lig-
and-22) inducing T cell apoptosis, stellate pancreat-
ocytes provide tumor immunoresistance. The PSC
ability to produce alanine, which replaces glucose in
the Krebs cycle, ensures tumor cells' functioning and
prosperity in conditions of increasing trophic defi-
ciency due to the forming stromal barrier. While
remaining "interested" in the activity of stellate pan-
creatocytes, tumor cells interact with the latter in
every possible way, ensuring active proliferation and
other "troubles" associated with the neoplastic pro-
cess. Tumor stroma demonstrates high expressions
of a ITGA 11 ( type I collagen receptor), a5 integrin
receptor ITGAS5 (fibronectin receptor), which main-
tain PSC activated status. Overexpression of metal-
lopeptidases (MMP-2, MMP-9 u MMP-13) in tumor
tissue may be caused by PSC activation too. Also in
the case o neoplasia, PSC show increase expression
of Nodal protein, miR-1246, miR-1290, and miR-
210 that indicates active stroma formation. The
forming stroma restricts the access of chemotherapy
drugs to the tumor, thereby creating chemo-
resistance. However, the search for ways to influ-
ence stellate pancreatocytes through the control of
mediators of their activation, or participants in sig-
naling pathways involved in activation processes,
creates an opportunity to resist one of the most ag-
gressive tumors of the human body, as a maximum,
and reduce its chemoresistance as a minimum. The
review is the first part of a series of articles devoted
to the modern understanding of the role of stellate
pancreatocytes in the neoplastic process of the pan-
creas and provides, in the future, further study of the
mechanisms of interaction of these cells with pan-
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Cranimescoka H.B. 3ipuacti nmankpeaTouMTH: NpoOBiZHI MeHeIkepH MIKPOOTOYEHHS MYyXJHH
MiAITYHKOBOI 32J103H.

PE®EPAT. AktyanabHicThb. 3ipyacTi NMaHKpEaTOUUTH, IO € KIITHHAMH - IIPOXYLEHTAMH KOMIIOHEHTIB
CTPOMH aKTUBHO B3a€MOJIIIOTH 3 PAKOBUMH KIIITHHAMH, AETEPMIHYIOTH (HOPMYBaHHS CTPOMAIBHOTO Oap'epy Mix
OCTaHHIMH i, TAKHM YHHOM, 320€3MeUyIOTh XiMiOpPE3UCTCHTHICTD My XJIMHH.

Merta. O NPUCBSYCHO aHANi3y OCTaHHIX JAHUX IPO POJb 3ipUacTHX MAHKPEATOIHTIB y (HopMyBaHHI
CTPOMAJILHOTO MIKPOOTOYEHHS MYXJIMH IiJIUIYHKOBOI 3aJ03U, MOJICKYJSIPHUM MeXaHi3MaM, 32 J0IOMOIO0
SKHX 3[IMCHIOETBCS PEryJisiiist 1 peanmizamis (yHKuii 3ipuactux kmitiH. Mertoan. OOpoOka naHuX 3/iicHIOBa-
Jack METOJIOM KOMIUIEKCHOTO aHallizy MaTepiaiy. Pesyasrarn. 3ipuacri nankpeatoruti (PSC) neMoHCTpyrOTh
3a GeHoTHuoM Ta QYHKII€IO ABa CTAHH: HeaKTUBHE 1 akTuBHE. AkTHBI3aris PSC 3MiliCHIOETRCS KITITHHAMA ITyX-
JUHA, O (OPMYETHCS, 32 TOMOMOTOI0 HI3KH MOJEKYJIIpHUX MenmiaTtopiB. Tpurepamu aktuBamii mist PSC Bu-
cTymnaroTh Y es-acorifioBanuii 0ok, TGF -B1, miRNA let-7d, IL-8, MCP1, TGF-B2 i IGFBP2 Ta iami. B 3ipua-
CTHX MaHKpearouuTax 3’scoBano 10 aktuBHO ekcmpecyrouux reHiB: TP53, SRC, IL6, JUN, ISG15, CAD,
STATI1, OAS3, OAS1, VIM npu cnineHOMY KynbTHBYBaHHi JiHii pakoBux kiituH (PCC) 3 PSC. [leakTuBanis
PSC 3akpiruiena 3a meniatopom POZ cniexn-tuny (SPOP), mo gie uepes snepuuii daxrop-kappaB, a Takox 3a
TpaHcpeTiHoeBorO KuciaoTolo (ATRA). Bussnsioun cBoro aktuBHICTH PSC, ekcmpecyroTh AeKiIbKa MapKepiB
CTOBOYpOBUX KIITHH, d-SMA (0-aKTHH TIaIKAX MioIHTiB), BuMeHTHH, o. [TGA 11 (peuenTop konareny | tumy),
a5 inrerpin peuentop ITGAS (peuentop ¢GiOpoHEKTHHY), riallypOHOBY KUCIIOTY, TiaiypoHaHcuHTasy 2 (HAS?2),
rianyponinazy 1 (HYAL1), BAG3, marpukcHy meranonentunasy 2 (MMP2), Nodal mporein, miR-1 246 i miR-
1290, miR-210, CCN2 (connective tissue growth factor, ¢axrop pocty crnomyunoi tkanuuu), TRPV1, SP i
CGRP (Calcitonin gene-related peptide, menTun, moB’s3aHUN 3 T€HOM KaJIBIHUTOHIHY) 1 Oarato iHmMX cyO-
cTaHlii. BucHoBKH. 3ipyacTi HAaHKPEATOLMTH, € IPOAYLEHTAMH MDXKaMHAPHOI CTPOMH, aKTUBYIOTHCS PI3HUMHU
taxropamu (TNF-a, IL-6, MCP-1, ATP i HMGBI Ta iH.), BKIFOUatoun GakTopaMy, IO CEKPETYIOTh ITyXJIHHHI
KIITHHA MiIIDIYHKOBOI 3aJI03M, 1 TIIOTh SK PEryjsaTopu mpoJideparrii, mirpamii Ta TPUAYIICHHS aroNnTo3y
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ocTaHHIX. Y MyXJIMHHOT TKaHWHU criocTepiraetbest 30inbuenns ekcnpecii o ITGA 11 (penenrtop konareny I tu-
ny), peuentopa interpuHa o5 ITGAS (peuentop ¢iOponexTHHy), MetaiuionenTigas, 6inka Nodal, miR-1246,
miR-1290 i miR-210, mo Bka3ye Ha akTuBamifo X KiiTuH. [linTpuMka aktuBHOTO cTaHy PSC 3a0e3neuyeThes
MYXJIMHHAMHA KIITUHAMH, IS SIKUX 3ipYacTi aHKPEaTOLMTH € MapTHEPaMU B IPOTPECYBaHHI HEOIUIACTHYHOTO
mporecy. [loganpiie BUBYCHHST MeXaHi3MiB B3aeMoJlii B cucteMi PSC-IyXIMHHI KIITHHU CTBOPIOE TIEPCIIEKTUBY
BUSIBJICHHS Ba)KEJIIB BIUIMBY Ha NATOT€HE3 IyXJIMH IMiALILTYHKOBOT 3a103H.

KoarouoBi ciioBa 3ipuacTi maHKpeaTOLUUTH, aKTHBALS 3IpYacTHX MaHKPEATOLHTIB, MOJICKYJIIPHI Meiaro-
PH, TyXJIMHHI KJIITHHH HiIUTYHKOBOT, MIKDOOTOYEHHS ITyXJIMHH.

CranumeBckast H.B. 3Be31uaTble naHKpeaTOUUTHI: BeayliHe MeHeIKePbl MUKPOOKPYKEHHs OMyXo0-
JIM O/IKeJTyJOYHOI1 JKese3bl.

PE®EPAT. AkTyanbHOCTb. 3Be34aThle MaHKPEATOLUTHI, SBISSACH KIETKAMH - MPOIYLEHTaMH KOMIIO-
HEHTOB CTPOMBI aKTHBHO B3aWMOJEHCTBYIOT C PaKOBBIMH KIJIETKaMH, JETEPMHUHHUPYIOT (DOPMHPOBAHUE CTPO-
MaJIFHOTO Oaphepa MEXAY MOCIECTHUMH W TEM CaMbIM OOECIIeUHMBAIOT XMMHOPE3UCTEHTHOCTH OrmyXonu. Llens.
O0630p mOCBSIIEH aHaNM3y MOCICAHUX AAHHBIX O POJM 3BEIYATHIX MMAHKPEATOUWTOB B (POPMHUPOBAHUH CTPO-
MaJIbHOTO MHKPOOKPYKCHHUS OITyXOJIeH MOKEITyIOYHOI JKene3bl, MOJIEKYIIPHBIM MEXaHU3MaM, MOCPEICTBOM
KOTOPBIX OCYIIECTBIIAETCS PEryJsnus U peanu3anus GyHKIUI 3Be3a4aThiX KiaeTok. Meroasl OOpaboTka naH-
HBIX OCYILECTBIISLIACH METOJJOM KOMIUIEKCHOTO aHaiiu3a Matepraia. Pe3yabTaThl. 3Be314aThle MaHKPEATOLUTHI
(PSC) nemoncTpupyoT GpeHOTHINYECKH U (HYHKIMOHAIBHO JBAa COCTOSHUS: HEaKTHBHOE M aKTMBHOE. AKTHBH-
sarust PSC ocymniecTBisieTcst KiieTkaMu (popMHpYIOIIEiicss OIyXoJn IIOCPEICTBOM IIEJIOT0 Psiia MOJICKYJISIPHBIX
MenuaropoB. Tpurrepamu aktusanuu Juiss PSC Beictynaror Yes-acconnupoBanubiid 6enok, TGF -B1, miRNA
let-7d, IL-8, MCP1, TGF-B2 u IGFBP2 u apyrue. B 3Be3muaTsix maHkKpeaTonuTax BBISABICHO 10 aKTHBHO JKC-
npeccupyembix reHoB: TP53, SRC, IL6, JUN, ISG15, CAD, STATI1, OAS3, OAS1, VIM npu COBMECTHOM
KynbTUBHpOBaHNU JUHUK pakoBbIX KiIeTok (PCC) ¢ PSC. leaktuBamus PSC 3akpemiena 3a meauaropom POZ
cneki-tuna (SPOP) neiicTByromuM depes siaepHblid ¢akTop-kappaB, 3a TpancpernHoeBoit kucnoroil (ATRA).
[posiBnsist cBoto akTHBHOCTH PSC, 3KCIIpeccHpyIoT HECKOIBKO MapKepOB CTBOJIOBBIX KIIETOK, d-SMA (0—akTHH
TJIaIKNX MUOLMTOB), BUMeHTHH, o0 ITGA 11 (peuenrop xomnarena I tumna), a5 penentop uarerpuna ITGAS (pe-
nentop GuOpoHEKTHHA), THATYPOHOBYIO KHCIOTY, rHamyponancunTasy 2 (HAS2), ruanyporngasy 1 (HYALL),
BAG3, matpukcHyto meramutonentraasy 2 (MMP2), Nodal nporens, miR-1246 u miR-1290, miR-210, CCN2
(connective tissue growth factor, dakTop pocta coequnurenshoi Tkanu), TRPV1, SP u CGRP (Calcitonin gene-
related peptide, menTuy CBs3aHHBINA C TEHOM KaJbIIMTOHWHA) M MHOTO JIpYyrHX cyOcraHuuii. BeiBoasl. 3Be3qua-
ThIE NAHKPEATOLUTHI, SBJISIOIIUECS IPOAYIIEHTaMH MEKallMHAPHON CTPOMBI, aKTHBUPYIOTCSI Pa3lUUHBIMU (ak-
topamu (TNF-a, IL-6, MCP-1, ATP u HMGBI1 u gp.), Bxirodas pakropamu, CEKpEeTHPYEMBIMU OIYXOJICBBIMH
KJIETKaMH TTO/DKEITYIOYHON KEJIe3bl, U ACHCTBYIOT KaK PEryJIATOPhl MPONU(epal, MUTPAlliy ¥ MOJaBICHNSA
amonTo3a nocienHux. B omyxoneBoit TkaHu HaOmogaercs yBennaenue sxcrpeccun o ITGA 11 (peuentop Kxodi-
nareHa I tuma), penentopa unrerpuna o5 ITGAS (perentop pubpoHekTuHa), MeTajuionentuaas, oeinka Nodal,
miR-1246, miR-1290 u miR-210, 4To yka3bIBacT Ha aKTUBAIIMIO 3TUX KICTOK. [loiep:kaHre akTUBHOTO COCTO-
saust PSC obecrieunBaeTcsi OmyXoJIeBBIMU KIIETKaMH, JUIS KOTOPBIX 3BE3I4aThble MaHKPEATOLMTHI SIBISIOTCS
TapTHEpPaMH B TPOTPECCHPOBAHUN HEOIUIACTUYECKOro Tporecca. JlanpHelnee n3ydeHne MEXaHN3MOB B3aHMO-
nevictBus B cucteMe PSC-omyxomeBble KICTKH CO3/1a€T NMEPCIEKTUBY BBIIBICHMS PHIUAroB BIMSHUS Ha IaTore-
HE3 OIYXOJIEH TIOHKEITYI0YHOM JKETIE3bI.

KnioueBble ciioBa: 3Be3/14aThle MAaHKPEATOLUUTHI, aKTHBALIMS 3BE3A4aThIX TAHKPEATOLUTUB, MOJICKYJIIPHBIE
MeIaTopPbl, OITyXOJIEBbIE KJIIETKH TOKETYA0YHOH, MUKPOOKPYKEHHUSI OITyXOJIH.
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