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ABSTRACT. Background. The activation, proliferation and migration capabilities of stellate pancreatocytes are guaranteed
by a number of signaling molecular mechanisms that support the interaction of tumor cells with the PSC and determine the
neoplastic process. Objective The review is a continuation of ar articles series devoted to the modern understanding of the
role and functions of stellate pancreatocytes, namely, their involvement in interaction with cancer cells and signaling molecu-
lar pathways that provide synergism of the stellate pancreatocyte-cancer cell system. Methods. Data processing was carried
out by the method of complex material analysis. Results. The Hedgehog signaling pathway provides interaction between
PSC and tumor cells, which involves the leading mediator of this pathway - sHH (sonic hedgehog), the overexpression of
which is recorded in the tumor tissue of the pancreas and ensures the formation of the tumor stroma. Stellate pancreatocytes
also trigger the HGF / c-Met / survivin signaling pathway for invasion and metastasis. The activation of the PSCs themselves
may be mediated by serotonin via the RhoA / ROCK signaling pathway. While the proliferation and migration of these cells,
activated by alcohol, HNE (human neutrophil elastase), PDGF, I1L-33 PSC are regulated by the MAP kinase and PI3K path-
ways. The Wnt signaling pathway promotes collagen accumulation. Through the AMPK / mTOR pathway, factor FTY720
induces apoptosis and inhibits the autophagy of stellate pancreatocytes. The interaction of PSC and tumor cells is also medi-
ated through Notch and TGF-B, and through the Hippo signaling pathway with the participation of YAP / TAZ factors, it is
possible to suppress the fibrotic activity of PSC. The interaction of stellate pancreatocytes and tumor cells is reflected in a
direct correlation between a decrease in autophagy and apoptosis of stellate pancreatocytes and suppression of invasion and
migration of tumor cells. This interaction can be mediated by ERK1 / 2 kinase. Among the factors secreted by tumor cells
and causing PSC activation are: growth factor B1 (TGF-B1), PAI-1 protein, translation initiation factor 4E (elF4E), sHH (in-
volving PSC in pain deployment), Exo-Pan and Exo-Mia exosomes (engaging PSCs in carcinogenesis). Deactivation is me-
diated by colony stimulating factor 1 (CSF1R, cytokine). In turn, stellate pancreatocytes secrete the chemokine CXCL1,
which stimulates the migration and invasion of tumor cells, exosomes with multiple miRNAs, which stimulate the prolifera-
tion and migration of cancer cells. Conclusion. The activation of stellate pancreatocytes, which is necessary for the imple-
mentation of their fibrotic functions, is mediated through the RhoA / ROCK signaling pathway via serotonin. The Hippo
pathway (activation) and AMPK / mTOR (suppression of autophagy and activation of apoptosis) are also involved in the
regulation of the activity of stellate pancreatocytes. The interaction between the tumor cell and stellate pancreatocyte occurs
through the Hedgehog, Notch, and TGF- signaling pathways; regulation of invasion and metastasis of cancer cells provides
the HGF / c-Met / survivin signaling pathway.
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Introduction formation is manifested in their effect on the prolif-
The role of stellate pancreatocytes in tumor eration, migration and suppression of apoptosis of
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pancreatic cancer cells. The epithelial-mesenchymal
transition, the formation of the stem-type fenotype
of cancer cells are also mediated by the effects of
PSC, which, in turn, increases tumor malignancy
and resistance to chemotherapy. Among other influ-
ences of these cells, one can also highlights the ef-
fect on endothelial cells, neuroelements, B-cells of
the islets, which, accordingly, determines their par-
ticipation in angiogenesis, neurogenesis, dysfunc-
tion, and subsequent apoptosis of B-cells. Simulta-
neously, PSC induce apoptosis of T-lymphocytes
and reduce their infiltration of tumor tissue [1]. Stel-
late pancreatocytes play the role of pluripotential
cells, which are characterized by transformation into
myofibroblast-like cells. Acting as the main produc-
ers of PSC extracellular components, they determine
the fibrosis of the pancreatic tissue, which can also
involve islets, which creates conditions for the de-
velopment of diabetes mellitus. By creating a stro-
mal microenvironment of an emerging tumor, PSCs
actively influence the development of the tumor pro-
cess and metastasis [2, 3]. The synthesis of collagen
fibers by stellate pancreatocytes determines the den-
sity of the tumor tissue, and the spatial arrangement,
adhesion of these fibers to other components of the
stroma determines its viscosity and elasticity [4, 5].
Point effects on the PSC can control the process of
compaction of the desmoplastic tissue of the pancre-
as, which will lead to changes in its mechanistic
properties and will improve the delivery of chemical
agents directly to the tumor [5]. In this regard, the
identification of signaling pathways and molecules
that mediate these pathways is extremely important
for the development of anti-fibrotic therapy [6].

Signaling pathways supporting by pancreatic
stellate cells

The sHH (sonic hedgehog) signaling pathway
initiates the formation of pain in stellate pancreato-
cytes, with an increase in the expression of TRPV1
(non-selective cation channel, capsaicin receptor). In

RhoAROCK

PSC, the expression and production of TRPV1, SP
and CGRP (Calcitonin gene-related peptide) are
increased due to the induction of NGF (nerve growth
factor) and BDNF (brain-derived neurotrophic fac-
tor). Inhibition of the sHH or NGF pathway decreas-
es the production of TRPV1, SP, and CGRP, while
disabling NGF and TRPV1 significantly reduces the
pain response to mechanical stimulation [6]. Sonic
hedgehog (SNH), being the leading factor in the
signaling pathway of Hedgehog, is overexpressed by
tumor cells of pancreatic adenocarcinoma and per-
forms an executive function in the formation of the
stroma of the tumor microenvironment. Switching
off the SHH gene led to a decrease in stromal depos-
its, however, at the same time, the tumors showed
increased aggressive properties, proliferation and
vascularization. At the same time, the administration
of a VEGFR (vascular endothelial growth factor
receptor) blocker partially increases the survival rate
of an SNH-deficient tumor, which indicates that the
tumor stroma inhibits the progression of the neo-
plastic process [7]. Signaling pathways in PSC and
in neighboring acinar cells differ significantly, and
stellate pancreatocytes have the ability to generate
nitric oxide (NO) in response to stimulating Ca**
signals. In comparison with acinar cells, stellate
pancreatocytes show more pronounced Ca®* - medi-
ated NOS-dependent NO signals; in parallel, sup-
pression of NO production protects PSC and acinar
cells from necrosis [8]. HGF (hepatocyte growth
factor) secreted by PSC increases invasion and me-
tastasis through the HGF / c-Met / survivin pathway,
which is negatively regulated by P53 / P21 [9]. PSC
activation can be mediated by serotonin, which trig-
gers the RhoA / ROCK signaling pathway. In this
case, nuclear translocation of NF-kB and expression
of a-SMA (u-actin of smooth myocytes) automati-
cally occur, which aggravates the inflammatory pro-
cess and fibrosis in the pancreas [10] (Figure 1).

activation
deactivation

Hippo

Fig. 1. Signaling pathways involved in pancreatic stellate cells activation and deactivation.

The Rho / myocardin-related transcription fac-
tor (MRTF) signaling pathway involved in PSC ac-
tivation is inhibited by the CCG-222740 molecule,
which also inhibits stellate pancreatocytes in vitro
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and in vivo by decreasing the expression levels of a-
SMA (a-smooth muscle cell actin) [11]. PSC prolif-
eration and migration processes stimulated by alco-
hol, HNE (human neutrophil elastase), PDGF, I1L-33
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and other cytokines are regulated by the MAP kinase
and PI3K pathways. Also, activation of the Indian
Hedgehog (IHH) signaling pathway provides migra-
tion, proliferation of these cells and collagen deposi-
tion. The Sonic Hedgehog (SHH) signaling pathway
determines the invasion and migration of tumor cells
during their interaction with stellate pancreatocytes.
Transmission via the Wnt signaling pathway pro-
motes collagen deposition and cancer progression
[12]. Overexpression of SHH in tumor cells is in-
volved in perineural invasion and may serve as an
important marker of the progression of neoplastic
formation and induces Hedgehog in the PSC, which
is necessary for perineural migration of tumor cells

AMPE/mTOR

[13]. Inhibition of the Hedgehog and CXCR4 path-
ways prevents the chemoresistance that occurs when
PSC and tumor cells are co-cultured, while simulta-
neously returning to normal cancer cell gene expres-
sion altered during co-culture. It seems possible to
use a CXCR4 antagonist (AMD3100) or a Hedgehog
inhibitor (GDC-0449) in combination with gemcita-
bine, which reliably demonstrates a slowdown in
tumor growth [14]. PSC deactivation can be per-
formed by FTY720, which is also credited with the
ability to induce apoptosis and inhibit PSC autopha-
gy through the AMPK / mTOR pathway and thereby
suppress the viability, proliferation, and migration of
these cells [15] (Figure 2).

apoptosis

ﬁgéﬁ
S

Fig.2. Signaling pathways involved in pancreatic stellate cells apoptosis.

Desmoplasia in pancreatic cancer is the result
of activation of stellate cells in response to paracrine
stimulation of the tumor epithelium. In turn, PSCs
produce a significant number of triggers that provide
bidirectional interaction between the tumor and stel-
late cells. This interaction is mediated by a number
of pathways, including Hedgehog, Notch, and TGF-

B [16]. One of the options for anti-fibrotic and
mechanomodulating effects is the possibility of in-
fluencing YAP / TAZ transmitters through the Hip-
po signaling pathway. YAP / TAZ exhibit the ability
to affect the cytoskeleton, initiate stem-like behavior
in cells, and modify the stroma and regenerative
qualities of cells [17] (Figure 3).

Hedgehog

MNotch
- TGFE-p

Fig.3. Signaling pathways involved in tumor cell and stellate pancreatocyte interaction.

Interactions between stellate pancreatic cells
and tumor cells

The interaction of stellate cells of the pancreas
with cancer cells, stromal cells such as immune,
endothelial and neuronal forms a special microenvi-
ronment for a developing tumor [18]. When the cell
culture of pancreatic cancer cells is treated with glu-
taminase inhibitors, a decrease in autophagy and
apoptosis in stellate pancreatocytes is observed,

while the proliferation and invasion of cancer cells
are suppressed, which is confirmed by increased
secretion of Atg5, Bax and Bid proteins in a culture
not treated with glutaminase inhibitors, and Bid fam-
ily proteins in a cell culture incubated by them [19].
In addition to stimulating the proliferation and me-
tastasis of adenocarcinoma cells, stellate cells also
decrease the number of immune cells CD8 T, CD4 T
cells, NK cells, and M1 macrophages in tumor tis-
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sue, while increasing suppressive T cells and M2
macrophages [20]. Tumor tissue stellate pancreato-
cytes show high expression of fibroblast activation
protein a (FAPa), which is associated with lymph
node metastases and low survival. PSCs activated by

PSC

FAPu
fibroblast

actrvation

cancer cells, together with FAPa, release the chem-
okine CXCL1, which leads to phosphorylation of
tyrosine kinase receptors EphB1 and EphB3 in tu-
mor cells, ensuring their invasion and migration [21]
(Figure 4).

CXCL 1 phosphorylation

EphB1

chemoldine EphB3

Fig.4. Interaction between pancreatic cancer cell and pancreatic stellate cell FAPa—fibroblast activation protein, CXCL1—
chemokine of CXC family, EphB1, EphB3- tyrosine kinase receptors of pancreatic cancer cell.

Tumor tissue shows a strong correlation be-
tween the expression of a-SMA and the PAI-1 pro-
tein, which is likely to activate PSC. Activation of
PAI-1 itself is possible through the action of KRAS
(protooncogene) through the ERK, while inhibition
of LRP-1, ERK, and c-JUN negates the effect of
PAI-1 [22]. The Hic-5 gene is actively expressed by
PSC in pancreatic cancer and can be inhibited by
siRNA transfection, which significantly reduces the
proliferation, invasive and migratory abilities of
cancer cells, while increasing their apoptosis. In ad-
dition, suppression of Hic-5 in parallel reduces the
expression of matrix metalloproteinase-9 (MMP-9).
[23] There is a decrease in the viability of PSC and
cancer cells after application of plasma phosphate
buffered saline (pPBS), which induces immunogenic
death of these cells. Also, cancer cells exposed to
pPBS were actively phagocytosed by dendritic cells
[24]. Intercellular interactions in the cancer cell —
stellate cell system determine the epithelial-
mesenchymal transition, which ensures the progres-
sion of the disease. Spheroids of heterotypic cells,
which include ductal carcinoma cells, primary sar-
comatoid cells, and PSCs, can be used to study the
intercellular interactions of PSCs and tumor cells.
The localization of PSCs in the mass of the spheroid
depended on the cell line and was either centrally
located or evenly distributed. The difference in the
expression levels of E-cadherin and vimentin deter-
mined different stimulation of the extracellular ma-
trix in different spheroids. Thus, the stromal effect
during co-cultivation depends on the composition of
the cell line [25]. A study of the effect of ERK1 / 2

10

kinase on the interaction of tumor cells with stromal
cells revealed the expression of p-ERK1 / 2 in both
populations, which was more pronounced in PSC-
associated cancer cells than in normal PSC and can-
cer cells. This also explained the high sensitivity of
PSC-associated cells to the p-ERK1 / 2 inhibitor,
which was associated with the activation of senes-
cence promoters, PSC autophagy associated with
cancer cells [26]. Growth factor B1 (TGF-B1) secret-
ed by pancreatic cancer cells and activating PSC is
regulated by CCAAT / enhancer binding protein &
(CEBPD) by regulation of the reciprocal loop. The
released HDGF (hepatoma growth factor gene) un-
der hypoxic conditions under the influence of factor-
la (HIF-1a) promotes antiapoptosis of PSC and
thereby promotes the production and deposition of
proteins that stabilize tumor foci. This forms the
determination of a novel CEBPD / HIF-1a / HDGF
pathway that regulates PSC activity [27]. The study
of the PSC secretome revealed that a large humber
of cellular proteins are controlled by the eukaryotic
translation initiation factor 4E (elF4E), the synthesis
of which is triggered in tumor cells grown in the
secretion of activated PSCs. Moreover, inhibition of
SiRNA elF4E inhibited the proliferation of tumor
cells in vitro [28].

The interaction of pancreatic cancer cells with
stellate cells is also mediated by exosomes such as
Exo-Pan and Exo-Mia, which are produced by can-
cer cells and involve PSCs in carcinogenesis. This
process is mediated by the transfer of the protein
from exosomes Lin28B into recipient cells in order
to activate the Lin28B / let-7 / HMGA2 / PDGFB
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pathway, which may contribute to the formation of
distant tumor metastases [29]. Exosomes produced
by PSC can also contain many different miRNAS,
including miR-21-5p (known as a promoter of me-
tastases), and are able to stimulate the proliferation,
migration, and expression of MRNA ligands 1 and 2
chemokines in pancreatic cancer cells [30]. Exo-
somes produced by pancreatic cancer cells stimulate
proliferation, migration, and activate the ERK and
Akt signaling pathways, the expression of a-smooth
muscle actin (ACTA2) mRNA and genes associated
with fibrosis, as well as the production of type I pro-
collagen C-peptide [31].

A more malignant neoplastic process is charac-
terized by less deposition of collagen elements. Duc-
tal adenocarcinoma cells inhibit the expression of
ACTAZ2 (u-actin of smooth myocytes) and COL1AL
(collagen type 1) in stellate pancreatocytes and
thereby reduce proliferation. Tumor cells also inac-
tivate PSC via the mediator colony-stimulating fac-
tor 1 (CSF1R, cytokine), and suppression of its
CSF1R receptor in stellate pancreatocytes blocks
this effect. Targeting this receptor makes it possible
to maintain the tumor microenvironment and inhibit
its development [32].

When PSC and pancreatic adenocarcinoma tu-
mor cells are co-cultured with PSME3 off (a pro-
teasome subunit expressed in various forms of can-
cer), tumor cells suppress TGF B 1, thereby inhibit-
ing PSC proliferation. Regulation of TGF p 1
PSME3 production is carried out by suppressing
activation protein-1 (AP-1) [33]. Sequestosome-1
(sgstm1) or ubiquitin-binding protein p62, which
binds proteins for subsequent autophagy, is ex-
pressed in reduced amounts by activated PSCs in
pancreatic adenocarcinoma. In the experiment, when
sgstm1l is suppressed by shRNA in PSC, these cells
are transformed into senescent and inflammatory
types with increased expression of IL8, CXCL1 and
CXCL2 (ligands of chemokines that attract neutro-
phils). PSC with inhibited sqstml stimulates tumor
growth, promotes invasion and transformation of
macrophages [34].

The interaction between PSCs and adenocarci-
noma cells can be blocked by the recently identified
factor SB525334, which is a potential and selective
inhibitor of TGF-B and affects the transmission of
signaling stimuli from PSCs to pancreatic adenocar-
cinoma cancer cells [35].

Therapeutic targets and chemoresistance

Stellate cells play a key role in the formation of
the stroma of a pancreatic tumor, and make up half
of all cells of the connective tissue component of the
tumor. PSCs actively interact with cancer cells and
other cellular structures of the stroma, which togeth-
er leads to tumor progression [36, 37]. In this regard,
the search for therapeutic agents targeting PSCs as
the main regulators of fibrosis continues [38]. Sig-
naling molecules such as PPAR-gamma, Rho / Rho-
kinase, nuclear factor-kappaB (NF-kappaB), mito-

gen-activated protein (MAP) kinase, phosphatidyl-
inositol-3-kinase (PI3K), Sma - and Mad-related
proteins, as well as reactive oxygen species (ROS)
can serve as targets in anti-fibrotic therapy [39].

The elucidation of the mechanisms of interac-
tion between PSC and pancreatic cancer cells, as
well as the mechanisms of fibrosis, arouses interest
in the search for modulators of these processes with
a further prospect of application in therapy.
Saicosaponin d (SSd) is able to suppress PSC activa-
tion and autophagy by activating the PI3K / Akt /
mTOR pathway while suppressing the TGF-B1 /
Smads pathway, thereby reducing collagen secre-
tion, causing degradation of the extracellular matrix,
and as a consequence, preventing pancreatic tissue
fibrosis [40]. Tamoxifen, being an estrogen receptor
agonist, is able to rebuild the tumor microenviron-
ment using the mechanism mediated by GPER (G-
protein associated with the estrogen receptor) and
suppress PSC differentiation into myofibroblasts,
active collagen producers [41]. Pantoprazole is able
to reduce the secretion of collagen by stellate cells.
[42] Penicillin G is able to activate stellate pancreat-
ocytes, which is manifested by an increase in the
secretion of fibrosis factors such as TGF-B1 and
metalloproteinase-2. The preliminary suppression of
the TGF-B1 receptor counteracted the effect after
administration of penicillin G, which indicates the
involvement of the TGF-B1 signaling pathway in
this fibrotic process [43]. The problem of delivery of
chemotherapy drugs, as well as an insertion peptide
(pHLIP - a peptide with a low pH, allows targeting
tissue cells with a low pH of the extracellular ma-
trix) delivering magnetic nanoparticles can be solved
by preliminary administration of metformin, which
suppresses the expression of TGF-B, the leading
ligand of fibrosis after 5 ' - adenosine monophos-
phate-activated protein kinase pathway (PANC-1)
[44]. Inhibitors of the renin-angiotensin system also
directly affect islet fibrosis, in which stellate pancre-
atocytes are actively involved in type 2 diabetes,
namely, activation of the renin-angiotensin system in
the islets disinhibits (activates) PSCs, stimulates
their proliferation, and promotes the formation of
fibrous tissue [45]. On co-cultured cancer cells and
PSCs, liragludid (an anticancer drug) demonstrates a
significant reduction in tumor migration and inva-
sion [46]. In co-cultivation with tumor cells, the ef-
fect of gemcitabine demonstrated different degrees
of cell resistance, which manifested itself in varying
degrees of increased phosphorylation of ERK1 / 2,
while 796 proteins were detected in the PSC secre-
tome, including extracellular matrix proteins, fibron-
ectin and collagens. However, these proteins had no
effect on the ability of tumor cells to adhere to gem-
citabine. However, a fibronectin inhibitor suppresses
PSC-mediated chemoresistance to gemcitabine
through inhibition of ERK1 / 2 phosphorylation
[47]. The stromal microenvironment of pancreatic
adenocarcinoma, consisting of PSC, fibroblasts, pro-
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tects tumor cells from the effects of gemcitabine (a
chemotherapeutic anticancer agent) by producing
deoxycytidine and other deoxynucleosides that in-
hibit the metabolism of gemcitabine, resulting in a
decrease in the effect of this drug [48].

Conclusion

Stellate pancreatocytes, being the leading pro-
ducers of components of the extracellular matrix,
and, accordingly, regulators of the fibrosis intensity,
mediate their functions, interactions with tumor cells
through a number of signaling pathways, the deter-
mination of which opens up prospects for their con-
trol. Interaction cancer cell-stellate pancreatocyte is
provided by signaling pathways Hedgehog, Notch,
and TGF-B; the HGF / c-Met / survivin signaling

pathway demonstrates regulation of invasion and
metastasis of cancer cells. The fibrosing functions of
stellate pancreatocytes are realized after their activa-
tion, which is provided by the RhoA / ROCK signal-
ing pathway by serotonin. Suppression of the activi-
ty of stellate pancreatocytes using YAP / TAZ medi-
ators occurs via the Hippo signaling pathway, while
the induction of apoptosis and suppression of au-
tophagy of stellate cells is realized through the
AMPK / mTOR pathway using the FTY720 factor,
which directly correlates with the suppression of
invasion and migration of tumor cells.
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CranimeBcbka H.B. CurHanbHi muJisixu, mo 3ajay4deHi B AisIbHICTH 3ipyacTMX NAHKPeATOUMTIB Ta
B32€MO/iI0 3 PAKOBUMH KJIITHHAMM MiLIJIYHKOBOI 32J1031.

PE®EPAT. AktyadabHicTh. AKTHBAIIS, Ipoiideparis i Mirpariiiai MOXIIUBOCTI 3ipYacTUX IaHKpPEaTo-
uiToB (PSC) 3a0e3medyroThcsi CHTHAIEHUME MOJICKYJSIPHUMH MEXaHi3MaMH, [0 MiATPUMYIOTh B3a€EMOJIIIO ITyX-
mmHEEX KiaitaH i3 PSC i netepMmiHyroTs HeormacTuaHuH mporec. Mera. Orisg € mpoJoBXKEHHAM cepii cTaTei,
NPUCBSYEHUX CYYaCHOMY YSIBJIICHHIO PO poJib Ta PyHKIIT 3ipYacTUX MaHKPEATOLMTIB, a caMe iX 3aJIly4yeHHI0 y
B32€EMOJIIIO 13 PAKOBUMH KJIITUHAMH Ta CUTHAJILHUM MOJIEKYJISIPHUM IILISXaM, 110 3a0e3NeuyloTh CHHEPri3M CH-
CTEMH 3ipuacTHil MaHKpeaToUUT-pakoBa kiiTuHa. Metoan. OOpoOka maHUX 3AiMCHIOBaNacs METOJIOM KOM-
IIIEKCHOTO aHaii3y Marepiany. PesynbraTn. Curnaneuuii nusix Hedgehog 3a6esmeuye B3aemogito PSC i myx-
JIMHHUX KIITHH, B IKOMY 3aJisiHHI TpoBigHuit Meniatop mporo nuwsixy - SHH (sonic hedgehog), nagexcmpecis
SKOTO PEECTPYEThCS B IMyXJIMHHIN TKaHWHI MiANITYHKOBOI 3a11031 1 3a0e3neuye GOopMyBaHHS CTPOMH ITyXJIHHH.
3ipuacTi MaHKPEaTOIUTH 3aMyCKa0Th Takoxk curnanbHuii misx HGF / c-Met / cypBiBiH, 110 3abe3neuye iHBa3iio
i MeracrasyBaHHs. AktuBanis camux PSC mMoxxe OyTH orocepeaKoBaHa CEpOTOHIHOM 4Yepe3 CUTHAIBHUN MUIAX
RhoA / ROCK. VY Toii wac sk nposideparrist Ta Mirparis OuX KIiTHH, ClipoBokoBaHa ankorosieM, HNE (emacra-
3010 HelTpodiniB moaunan), PDGF, IL-33 perymoerbes mumsixamu MAP-kinasu i PI3K. Curnansauit msx Wnt
crpusie HakonudeHHIo konareny. Yepes nusix AMPK / mTOR daxrop FTY720 inagykye amnonrto3 Ta MpurHidye
ayrodarito 3ipyactux mankpeaTorutis. B3aemonis PSC 1 myXIMHHUX KITITHH OMOCEPEAKOBYETHCS TAKOX depe3
Notch i TGF-B, a gepe3 curnansanii nusx Hippo 3a yuactio unHHHKIB YAP / TAZ MOXIMBO NMpHUIyIICHHS
(i6po3Hoi aktuBHOCTI PSC. B3aeMonis 3ipyacTix NaHKPEATOIITOB i MyXIMHHUX KIIITHH BiIOMBAa€THCA B TPAMIiil
Kopeyusimii MK 3HIDKEHHAM ayTodarii 1 amonTo3y 3ip9acTUX MaHKPEaTOUMTIB 1 IPUAYIICHHIM iHBa3il 1 Mirpamii
MyXJMHAUX KITHH. Taka B3aemomis Moxke 3abesnedyBaruch ERK1 / 2 kxinazoro. Cepenl YMHHUKIB, 10 BHIIIISA-
IOTBCS MMyXJIMHHUMH KITITHHAMH 1 BUKJIMKAIOTh akTuBallito PSC Bim3nauatots: gakxrop pocty Bl (TGF-B1), 6imox
PAI-1, dakrop ininianii Tpancuaunii 4E (elF4E), sHH (3anmyuae PSC B posropranns 6o0it0), ek3ocomu Exo-Pan i
Exo-Mia (anraxyiots PSC B kaHueporenes). [leakruBamisi 3a0e3meuyeTbcss MEAIaTOPHUM KOJIOHIECTUMYIIIOTO-
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guMm ¢akropoMm | (CSFIR, nuTokuH). Y CcBOIO Hepry 3ipyacTi MaHKpeaTOUUTH BUAULIIOTH xeMokiH CXCLI,
CTUMYJTIOIOUMI MIrpallifo Ta iHBa3i0 MyXJIWHHUX KIITHH, €K30COMH 3 0e3iuuro miRNA, 1m0 cTUMYITIOI0Th TIpo-
midepariro, mirparito pakoBux kmituH. IlitcyMok. AKTHBAIisI 3ipUacTUX MMAHKPEATOIMTIB, KA HEOOXimHA IS
CEpOTOHIHY. Y peryismii aKTHBHOCTI 3ip4acTUX MAaHKPEAaTOIWTIB 3aldisHi TakoX nurix Hippo (aktuBamis) i
AMPK / mTOR (mpunymenss ayrodarii i akTHBaIis armonTo3y). Bzaemois Mik MyXTMHHIMH KIIITHHAMH 1 3ip-
YaCTHMH TaHKpeaTOUUTaMH 34IHCHIOEThCs yepe3 curHanbHi nuisixu Hedgehog, Notch i TGF-; perymsuis in-
Ba3ii 1 MeTacTa3yBaHHs PaKOBUX KIITHH 3abe3nedye curHaiabauil nusix HGF / c-Met / cypBiBiH.

KoarouoBi ciioBa: 3ipuacTi NaHKpeaTOLMTH, MyXJIMHHI KIITHHH MiAIUTYHKOBOI, MiIKDOOTOYEHHS! ITyXJIMHH,
CHTHaJIbHI IIUISIXU, XIMIOPE3UCTEHTHICTb.

Cranumesckass H.B. CurnajibHble yTH, KOTOpble BOBJIeYeHbl B AKTHBU3AIMIO 3Be314aThIX MAHKpe-
aTOLMTHB U B3aUMO/IelicTBHe ¢ PAKOBBIMH KJIETKAMH MO/ZKeTYA0YHOI Kes1e3bl.

PE®EPAT. AKTyanbHOCTh. AKTHBAIWs, Npoiudepanus W MHUTPAIOHHBIE BO3MOXXHOCTH 3BE3UATHIX
MAaHKPEATOIIUTOB 00ECIICUNBAIOTCS PSIIOM CHTHAIBHBIX MOJEKYIIAPHBIX MEXaHH3MOB, MOJICPKUBAIOIINX B3aHU-
MoieiicTBHE OImyX0JeBBIX Ki1eToK ¢ PSC n merepMuHHpYIOMHUX Heoractudeckuit mporecc. Leab. O630p sBIIS-
eTcsl MIPOJIOJDKCHUEM CEPHHU CTATEH, MOCBAIICHHBIX COBPEMEHHOMY NPECTaBICHHUIO O POJIM U (DYHKIHAX 3BE3[I-
YaThIX NAHKPEATOLUTUB, 8 UMEHHO MX BOBJICYCHHIO BO B3aUMOEHCTBUE C PAKOBBIMU KJIETKAMU M CUTHAJIBHBIMU
MOJIEKYJISIPHBIMH ITyTSIMH, KOTOpBIE OOECIeYnBAIOT CHHEPTH3M CHUCTEMBI 3BE3/14aThlil IMaHKPEaTOLUT-PaKoBas
kieTka. Meroabl. OOpaboOTKa JaHHBIX OCYLIECTBIISIIACH METOJJOM KOMIUIEKCHOTO aHaiu3a Matepuana. Pe3yiib-
TaTbl. CurHaneHblil nyTh Hedgehog obecneunBaer B3ammopeiictBue PSC u omyXxoJieBbIX KIETOK, B KOTOPOM
3aJelicTBOBaH Beayluii meauatop storo nmytu — sHH (sonic hedgehog), cBepxakcnpeccust KOTOPOro peructpu-
pyeTcsi B OIyXOJEBOW TKAaHHU IIOPKEITyJOYHOH JKeNe3bl M oOecreunBaeT (HOPMHUPOBAHHUE CTPOMBI OITYyXOJIH.
3Be3MuaThic TAHKPEATOINTHI 3aITyCKAlOT TakkKe cUrHaNbHBIA myTh HGF / c-Met / cypBuBHH, 00ecneunBaroNImii
WHBA3MIO M MeTacTa3upoBaHue. Aktuanus camux PSC moxeT OBITh OmocpenoBaHa CEpOTOHWHOM 4Yepe3 CHT-
HanpHBIN MyTh RhoA / ROCK. B 1o Bpems kak npoiudepanus 1 MATPAIs dTHX KICTOK, aKTUBU3UpyeMas aJi-
korosieM, HNE (amacra3oii Hefitpoduinos genoseka), PDGF, IL-33 PSC perymupytorcs mytsamu MAP-kuHa3sl 1
PI3K. CurnHanpHBIH TyTh Wnt crocoOCTBYeT HakarummBaHuio kojuiareHa. Yepes myts AMPK / mTOR ¢axrop
FTY720 unnyuupyer anonto3 U HHruOupyeT ayrodaruio 3Be34aThix MaHKpeaTouuToB. Bzaunmoneiicteue PSC
U OIyXOJIEBBIX KJIETOK onocpenayercs Takxke yepe3 Notch u TGF-B, a uepe3 curnanbubiii nyts Hippo mpu yua-
ctuu pakropoB YAP / TAZ BozmoxHO nopasienue ¢pubpo3Hoit aktuBHocTH PSC. B3aumoneiicTBre 3Be314aThIX
MAHKPEATOLTOB U OMYXOJIEBBIX KJIETOK OTPAXKAeTCsl B MPSIMOM KOPPEISALMH MEXKAY CHIKEHHEM ayTodaruu u
aToNTO3a 3BE3UaThIX IAHKPEATOIUTOB U MOJABICHHEM MHBAa3HHM M MUTPALUU OIyXOJIEBBIX KIETOK. Takoe B3a-
umoeiicterue MoxkeT obecneunBarbess ERK1 / 2 kunazoit. Cpeaut hakTOpOB BBIIEISIEMBIX OMYXOJICBBIMU KIIET-
Kam¥ ¥ BbI3bIBatoIux aktuBanuio PSC ormedarot: dakrop pocra 1 (TGF-f1), 6enok PAI-1, dakrop unuima-
uun tpancisun 4E (elFAE), SHH (Bosnekarouuii PSC B passeprhiBanue 60mw), 3k30combl Ex0-Pan u Exo-Mia
(anraxupyrome PSC B kanneporeHes). JleakTuBanus o0ecnednBacTCs MEIMATOPHBIM KOJOHHECTHMYIHPYIO-
mmM ¢paktopom 1 (CSFLIR, murokuH). B cBoro ouepenp 3Be3mgyarbie MAHKPEATOIUTHI BBIACISIOT XEMOKHUH
CXCL1, cTUMyTHPYIOMIMH MHUIPAIMI0 U HHBA3UIO OMYXOJIEBBIX KIETOK, YK30COMbI ¢ MHOXecTBOM MIRNA,
CTUMYJIMPYIOIIE Mpordepariio, MUTPalio PaKOBBIX KJICTOK. 3aK/I04eHne. AKTHBAINS 3BE34aThIX MaHKpe-
aTOIIMTOB, KOTOpas HeoOXoauma il peanu3auud ux GpuoOporuueckux (GyHKIHH, oOecrieunBaeTcst 4epe3 CUr-
HanbHbI yTh RhoA / ROCK nocpenctBoM ceporoHnHa. B perynsiuu akTHBHOCTH 3Be3/4aThiX MaHKPeaTOIU-
TOB 3ajielicTBOBaHbI Takxke nmyTh Hippo (akrtusauus) 1 AMPK / mTOR (nonaBnenue ayrodarun u akTHBAIMS
amonTo3a). B3aumopelcTBHe MeXIy OMyXOJEeBOI KIETKOM M 3BE3A4aThIM NMAaHKPEATOLUTOM OCYIECTBIIACTCS
yepe3 curHanbHble nyTH Hedgehog, Notch u TGF-f; perynsius nHBa3HK U MeTacTa3MpPOBaHHS PAKOBBIX KIIETOK
obecneunBaet curHanpHBIH yTh HGF / c-Met / cypBuBHH.

KnioueBble cjoBa: 3Be314aThle MAHKPEATONUTHI, OIYXOJIEBbIE KJICTKH IMOJPKEITYJOYHON XKeJe3bl, MUKpPO-
cpeza OIyXOJIi, CHTHAIBHBIE ITyTH, XHMHOPE3UCTEHTHOCTb.
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