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Current research focuses on exploring strategies to stimulate the regenerative capacity of pancreatic beta cells
as a potential therapeutic approach for diabetes mellitus (DM). Objective: this study aims to perform a compa-
rative histological analysis of the islet apparatus in rats with streptozotocin (STZ)-induced DM following the
implantation of a pancreatic cell-engineered construct (PCEC). The PCEC consists of isolated allogeneic islets
of Langerhans embedded within a scaffold derived from decellularized human pancreatic fragments. Materials
and methods. The pancreases of rats from the control group (n = 4; untreated type 1 DM — T1DM), experimental
group 1 (n = 4; intraperitoneal injection of pancreatic islets), and experimental group 2 (n = 4; intraperitoneal
injection of PCEC) underwent histological analysis. Immunohistochemical staining for insulin and glucagon
was performed using specific antibodies and an imaging system. Results. In the pancreatic islets of the control
group, insulin-immunopositive beta cells were either absent or detected as isolated cells, with alpha cells pre-
dominating. In the pancreases of experimental group 1 rats, beta cells were observed in most islets and within
the surrounding exocrine parenchyma, albeit in low numbers (1-2 per field of view), while alpha cells remained
the dominant population. A significant increase in insulin-positive cells was observed in the pancreas of rats in
experimental group 2, along with a reduction in glucagon-positive cell numbers. Conclusion. Morphological
examination of the pancreatic islet apparatus in the experimental animals revealed that implantation of the PCEC
had a beneficial effect on restoration of the recipient’s pool of functionally active beta cells, serving as a trigger
for the regenerative process.
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INTRODUCTION

Restoring insulin-producing B-cells lost in type 1
diabetes mellitus (T1DM) is a major challenge. The
regenerative capacity of pancreatic islet is inherently
limited [1]. Consequently, current research efforts are
increasingly focused on strategies aimed at stimulating
B-cell formation from alternative pancreatic cell popu-
lations [2], as well as generating B-cells from stem cells
of various origins [3].

Presently, considerable attention is being directed
toward understanding the mechanisms of -cell regene-
ration within the pancreas and elucidating the molecular
pathways involved in this process. The insights gained
from such studies may facilitate the development of no-
vel, effective, and safe therapeutic approaches for the
treatment of diabetes mellitus (DM) [4, 5].

Restoration of the B-cell pool involves several mecha-
nisms, including limited B-cell proliferation, hypertro-
phy, and transdifferentiation of other pancreatic cell types
such as ductal epithelial cells, acinar cells, and other

insulocytes [5—8]. Recent research shows that various
pancreatic cells possess significant plasticity, meaning
they can change their identity and adopt characteristics
of other cell types within the pancreas [5]. In murine
models, when B-cells are injured or destroyed, a small
percentage of glucagon-producing a-cells and somato-
statin-producing 8-cells can begin to express insulin [9].

Remedi et al. further revealed that multiple pancrea-
tic cell types, including ductal cells, centroacinar cells,
a-cells [10], and 6-cells [11], can transdifferentiate into
functional B-cells, thereby compensating for impaired
insulin secretion, a key factor in maintaining normo-
glycemia. The regeneration process involving ductal
cells appears to mimic key aspects of embryonic -cell
differentiation, underscoring the plasticity of pancreatic
tissue [12, 13]. Supporting this, W.-C. Li et al. demons-
trated that B-cell regeneration can dedifferentiate to a
precursor-like state, and then redifferentiate through spe-
cific signaling pathways that parallel those active during
embryonic development [14].
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Given that acinar cells constitute the most abundant
cell population in the pancreas, they have emerged as a
promising source for generating new B-cells [15-19].
In a landmark study, Q. Zhou et al. demonstrated that dif-
ferentiated acinar cells in adult mice possess the capacity
to transdifferentiate into B-cells phenotypically similar
to endogenous islet insulin-producing cells, capable of
expressing insulin and alleviating hyperglycemia [20].

The concept of restoring lost cell populations by sti-
mulating intrinsic adaptive plasticity in sifu presents a
compelling therapeutic avenue for the treatment of dege-
nerative diseases [21]. However, it remains unclear whe-
ther human pancreatic cells exhibit a comparable degree
of plasticity, particularly under diabetic conditions. This
uncertainty stems from potential differences in the signa-
ling pathways and molecular mediators — such as glucose
levels, hormones, and growth factors — that govern B-cell
regeneration in humans compared to animal models [9].

One of the strategies for cell replacement therapy in
patients with TIDM is pancreatic islet transplantation.
This approach not only ensures physiological insulin
delivery but may also exert a stimulatory effect on en-
dogenous B-cell regeneration. Jorns et al. support the
concept that long-term normoglycemia maintained by
insulin-producing grafts provides an optimal environ-
ment for B-cell regeneration and replication within the
pancreas [22]. This regenerative stimulation is likely
mediated by the paracrine effects of transplanted endo-
crine cells, which secrete bioactive polypeptides such as
C-peptide and amylin, each with distinct physiological
roles [23]. Supporting this concept, studies have shown
that islet transplantation following partial pancreatecto-
my in mice enhances the regeneration and preservation
of'endogenous B-cells, resulting in increased B-cell mass
and improved glycemic stability [24].

Previously, we showed a more pronounced reduction
in glycemia levels in TIDM rats following intraperi-
toneal administration of a pancreatic cell-engineered
construct (PCEC). This construct was based on isolated
allogeneic islets of Langerhans and a scaffold derived
from decellularized human pancreatic tissue fragments
[25]. Morphological changes in the pancreas indicative
of B-cell regeneration were also observed.

The objective of the present study was to conduct a
comparative histological analysis of the islet apparatus
between control and experimental animal groups.

MATERIALS AND METHODS

Composition of pancreatic cell-engineered
construct (PCEC)

The PCEC was composed of two main components:
viable insulin-producing rat pancreatic islets (PIs), cul-
tured for 24 hours under standard conditions (37 °C,
5% CO,), and a tissue-specific, fine-dispersed scaffold
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derived from decellularized human pancreatic fragments
(dHPF scaffold) [26-28].

Each PCEC sample contained 2000 islets immo-
bilized within 10.0 = 0.1 mg of sterile dHPF scaffold,
suspended in 100 pL of Hanks’ balanced salt solution.

Islet viability within the PCEC was assessed using
vital fluorescent dyes — acridine orange and propidium
iodide (AO/PI) (PanEco, Russia).

The prepared PCEC samples were administered int-
raperitoneally to rats with streptozotocin (STZ)-induced
T1DM using a 23G syringe needle.

In vivo experiment design

A T1DM model was induced in male Wistar rats
(300380 g) by fractional intraperitoneal administration
of STZ (Biorbyt, India) at a dose of 15 mg/kg/day every
5 days. To confirm the stability of the T1DM model and
exclude spontaneous reversion, glycemia levels were
assessed 14 days after the final STZ dose. Only animals
with fasting blood glucose levels exceeding 20.0 mmol/L
were included in subsequent experiments.

The selected diabetic rats (n = 12) were randomly
allocated into three groups: control group (n = 4; no
treatment), experimental group 1 (n = 4; received intrape-
ritoneal injection of 2000 isolated PIs) and experimental
group 2 (n = 4; intraperitoneal injection of PCEC).

Fasting capillary blood glucose levels were measured
weekly for 10 weeks. At the end of the experimental pe-
riod, animals were euthanized, and pancreatic tissue was
harvested for morphological and histological analysis.

Histologic study

A histologic examination of the pancreas was perfor-
med in control and experimental groups to identify mor-
phological features of the islet apparatus. The excised
pancreas samples were fixed in 10% buffered formalin
for 24 hours. Dehydration was carried out using a graded
ethanol series (50%, 60%, 70%, 80%, 95%), followed
by sequential incubation in a mixture of ethanol and
chloroform, pure chloroform, and a chloroform-paraffin
mixture at +37 °C. Tissues were embedded in paraffin
(Paraplast” X-tra™, Leica, Germany), and 4-5 um sec-
tions were prepared using a rotary microtome (RM2245,
Leica, Germany).

The paraffin sections were stained with hematoxylin
and eosin. To identify the main islet cell types, immu-
nohistochemical (IHC) staining for insulin and gluca-
gon was performed using specific primary anti-insulin
antibody (Abcam, UK) and anti-glucagon antibody
(Merck, Germany). Visualization of immunoreactivity
was carried out using the Rabbit Specific HRP/DAB
(ABC) Detection IHC kit (Abcam, UK) according to the
manufacturer’s protocol.
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RESULTS
Pancreatic cell-engineered construct (PCEC)

PCEC was formed immediately prior to intraperito-
neal administration in rats with experimentally induced
T1DM. Pls, pre-cultured for 24 hours, exhibited adhe-
sive properties, attaching effectively to the surface of
the decellularized pancreatic scaffold (Fig. 1, a). Only a
few isolated islets remained free-floating in the culture
medium.

Viability of the islets within PCEC was assessed using
acridine orange and propidium iodide (AO/PI) vital stai-
ning. The staining results confirmed high islet viability
within the construct, which was found to be 95 + 2%
(Fig. 1, b).

Comparative evaluation of functional
efficiency of PCEC and PIs in rats
with streptozotocin-induced diabetes mellitus

The study showed that intraperitoneal administration
of PCEC in rats of experimental group 2 led to a sig-
nificant reduction in blood glucose levels — by an ave-
rage of 19.5 + 3.9 mmol/L (from 25.8 + 5.1 mmol/L to
6.3 +£2.7 mmol/L). By week 10 of observation, glycemia
levels were reduced to less than half of their baseline
values.

In contrast, administration of a suspension of PIs in
rats from experimental group 1 resulted in a mean glucose
reduction of 14.8 + 3.4 mmol/L (from 28.2 + 4.2 mmol/L
to 13.4 = 2.6 mmol/L). However, this glycemic control
was transient, lasting approximately 7 weeks, after which
glucose levels began to rise and, in some cases, approa-
ched baseline values.

Thus, the administration of PCEC in T1DM rats de-
monstrated a more pronounced and sustained hypogly-

cemic effect compared to administration of a suspension
of PIs alone [25, 29].

Morphologic changes in the islet apparatus
of diabetic rats after intraperitoneal injection
of pancreatic islets or PCEC

In healthy rats, the pancreas is characterized by dif-
fuse structure with well-defined lobularity of the exocrine
parenchyma interspersed with discrete Pls. These islets
typically appear as spherical or oval clusters with shar-
ply defined borders. Within the islets, insulocyte cells
are arranged uniformly and display pale, fine-granular
cytoplasm and rounded nuclei containing one to two
prominent nucleoli (Fig. 2, a). The main endocrine cell
types in rat islets exhibit a distinct spatial distribution:
insulin-positive B-cells are primarily located in the cen-
tral zone of the islet (Fig. 2, b), while glucagon-positive
a-cells are arranged along the periphery, forming the
characteristic “mantle” structure (Fig. 2, c).

The administration of STZ, which selectively tar-
gets insulin-producing p-cells in pancreatic islets, led to
notable morphological alterations in the islet architec-
ture. In pancreatic tissue samples from control group
rats (10 weeks post-induction without treatment), islets
appeared irregular in shape, with uneven contours and
small protrusions extending into the surrounding exocri-
ne parenchyma (Fig. 3, a). The cytotoxic effect of STZ
culminated in B-cell death, predominantly affecting the
central zone of the islets. This was evidenced by the
presence of hypertrophied cells, necrotic cells exhibi-
ting karyolysis, vacuolated cells, and areas of cellular
debris. Additionally, islet cytoarchitecture was disrupted,
with regions of hypercellularity emerging — these areas
displayed a strong immunopositive signal for glucagon
(Fig. 3, ¢). The observed hypercellularity likely reflected
compensatory a-cell proliferation triggered by chronic

Fig. 1. Pancreatic cell-engineered construct (PCEC) composed of rat Pancreatic islets and a tissue-specific scaffold derived
from decellularized human pancreas (DHP scaffold). (a) Inverted phase-contrast microscopy; (b) Acridine Orange/Propidium
lIodide (AO/PI) fluorescence staining. Scale bar: 100 um
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hyperglycemia and altered paracrine signaling due to
B-cell loss. Consequently, a-cells became the dominant
islet population. In contrast, insulin-positive cells were
absent in most islets or detected only as isolated cells
(Fig. 3, b).

By the end of the 10-week experiment, histologi-
cal examination of the pancreatic tissue in rats from
experimental group 1 (injected with PIs) revealed no
substantial morphological improvement compared to
the control group. The islets retained an irregular sha-
pe and contours, with evident vacuolized and necrotic
cells, as well as zones of hypercellularity (Fig. 4, a).
IHC staining demonstrated the presence of B-cells, al-
beit in very small numbers (typically 1-2 cells per field

of view), both within the islets and occasionally in the
surrounding exocrine parenchyma (Fig. 4, b). However,
the limited number of these cells likely rendered them
insufficient to significantly impact glycemic regulation.
Notably, a-cells continued to represent the predominant
islet population (Fig. 4, ¢). These findings suggest that
the observed reduction in blood glucose levels in this
group was primarily mediated by the exogenous insulin
secreted by the transplanted islets rather than endogenous
B-cell regeneration.

Intraperitoneal injection of PCEC induced certain
morphological changes in the islet apparatus of rats in
experimental group 2. In addition to islets exhibiting
hypercellularity and necrotic alterations, distinctive is-
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Fig. 2. Histological appearance of the pancreas in a healthy rat. (a) Hematoxylin and eosin (H&E) staining; (b) Immunohisto-
chemical (IHC) staining for insulin; (¢) IHC staining for glucagon. Blue arrows indicate pancreatic islets. Scale bar: 100 pm

Fig. 3. Histological appearance of the pancreas in a control group rat with experimental T1DM (10 weeks without treatment).
(a) Hematoxylin and eosin (H&E) staining; (b) Immunohistochemical (IHC) staining for insulin; (c) IHC staining for gluca-
gon. Blue arrows indicate pancreatic islets. Scale bar: 100 pm

Fig. 4. Histological appearance of the pancreas in a rat from experimental group 1 with experimental TIDM after intraperi-
toneal injection of pancreatic islets (10 weeks post-treatment). (a) Hematoxylin and eosin (H&E) staining; (b) Immunohisto-
chemical (IHC) staining for insulin; (c) IHC staining for glucagon. Blue arrows indicate pancreatic islets. Scale bar: 100 pm
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lets with irregular morphology and branching structures  atypical islets lacked zones of hypercellularity and dis-
extending into the adjacent exocrine parenchyma were played a relatively uniform distribution of insulocytes
observed in half of the animals (n = 2) (Fig. 5, a). These  (Fig. 5, b). A marked increase in the number of insulin-

Fig. 5. Histological appearance of the pancreas in rats from experimental group 2 with T1DM after intraperitoneal injection of
pancreatic cell-engineered construct (10 weeks post-treatment). (a, b) Hematoxylin and eosin (H&E) staining; (c, e, g) Immu-
nohistochemical (IHC) staining for insulin; (d, f, h) IHC staining for glucagon. Blue arrows indicate pancreatic islets; green
arrows indicate insulin-positive cells in the acinus; yellow arrows indicate glucagon-positive cells in the acinus; red arrows
indicate acino-insular complexes. Scale bar: 100 um
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immunopositive B-cells was detected in these islets, re-
aching several dozen per islet — substantially exceeding
the levels observed in control specimens (Fig. 5, c).
Glucagon-positive a-cells no longer constituted the do-
minant islet cell population (Fig. 5, d).

At the same time, light-colored cells with no apical-
basal polarity, fine-grained cytoplasm and large, well-
structured nucleus were detected in the neighboring
acinus, directly in the lining. Their number ranged from
one to several per acinus. IHC staining revealed that a
subset of these cells expressed either insulin (Fig. 5, e)
or glucagon (Fig. 5, f), hormones characteristic of 3- and
a-cells, respectively.

It is noteworthy that the described structures, known
as acino-insular complexes (Fig. 5, b), are typically ob-
served in the developing pancreas of certain animal spe-
cies during intrauterine life and are considered to play
a significant role in the ontogeny of the islet apparatus
[30-32]. Standard-shaped islets in other animals (n = 2)
from experimental group 2 also showed a more promi-
nent replenishment of insulin-positive -cells compared
to those receiving only Pls suspensions (Fig. 5, f). Con-
currently, a reduction in the number of glucagon-posi-
tive a-cells was observed relative to the control group
(Fig. 5, g). Such islets were observed in other rats (n = 2)
of experimental group 2.

These findings suggest that the observed replenish-
ment of the B-cell population likely resulted from indu-
ced reprogramming and transdifferentiation processes
involving both acinar epithelial cells and certain islet-
resident insulocytes. This regenerative activity may re-
present a compensatory mechanism. We believe that the
most significant reduction in glycemia observed in the
experiment was due not only to the sustained insulin
secretion from the implanted PCECs, but also to endo-
genous insulin production by the regenerated population
of the recipient’s own p-cells.

Thus, our findings support the current understanding
of pancreatic cell plasticity, suggesting that -cell rege-
neration can occur not only from other insulocyte types
but also from the exocrine components of the pancre-
as [7, 21, 33]. These results highlight the relevance of
further research to explore and elucidate this regenerative
potential.

Partial restoration of the endogenous B-cell pool was
observed following the intraperitoneal implantation of a
pancreatic tissue-engineered construct composed of floa-
ting islet-like cultures derived from the Pls of newborn
rabbits and a collagen-containing hydrogel [34].

Identifying and harnessing factors that induce -cell
regenerative capacity could provide novel therapeutic
avenues for diabetes treatment. However, further inves-
tigation is needed to elucidate the mechanisms, regula-
tory pathways, and specific cell types involved in B-cell
regeneration under both physiological and pathological
conditions [21].

CONCLUSION

Based on the presented data, it can be concluded that
PCEC implantation in rats with STZ-induced T1DM
not only compensates for lost -cell function and exerts
a direct antidiabetic effect, but also serves as a cata-
lyst for regenerative processes, potentially restoring the
recipient’s insulinocyte pool.

Therefore, the use of PCEC for stimulating B-cell
regeneration represents a promising therapeutic strate-
gy in the treatment of diabetes characterized by B-cell
deficiency.

The authors declare no conflict of interest.

REFERENCES

1. Wang KL, Tao M, Wei TJ, Wei R. Pancreatic 3 cell regene-
ration induced by clinical and preclinical agents. World
J Stem Cells. 2021 Jan 26; 13 (1): 64-77. doi: 10.4252/
wijsc.v13.i1.64.

2. Zhong F, Jiang Y. Endogenous Pancreatic 3 Cell Rege-
neration: A Potential Strategy for the Recovery of  Cell
Deficiency in Diabetes. Front Endocrinol (Lausanne).
2019 Feb 20; 10: 101. doi: 10.3389/fend0.2019.00101.

3. Hogrebe NJ, Maxwell KG, Augsornworawat P, Mill-
man JR. Generation of insulin-producing pancreatic P
cells from multiple human stem cell lines. Nat Protoc.
2021 Sep; 16 (9): 4109—4143. doi: 10.1038/s41596-021-
00560-y.

4. Spears E, Serafimidis I, Powers AC, Gavalas A. Debates
in Pancreatic Beta Cell Biology: Proliferation Versus Pro-
genitor Differentiation and Transdifferentiation in Resto-
ring B Cell Mass. Front Endocrinol (Lausanne). 2021
Aug 6; 12: 722250. doi: 10.3389/fend0.2021.722250.

5. Pylaev TE, Smyshlyaeva 1V, Popyhova EB. Regeneration
of B-cells of the islet apparatus of the pancreas. Litera-
ture review. Diabetes mellitus. 2022; 25 (4): 395-404.
(In Russ.). doi: 10.14341/DM12872.

6. Lu J, Jaafer R, Bonnavion R, Bertolino P, Zhang CX.
Transdifferentiation of pancreatic a-cells into insulin-
secreting cells: From experimental models to underly-
ing mechanisms. World J Diabetes. 2014 Dec 15; 5 (6):
847-853. doi: 10.4239/wjd.v5.16.847.

7. Aguayo-Mazzucato C, Bonner-Weir S. Pancreatic [
Cell Regeneration as a Possible Therapy for Diabetes.
Cell Metab. 2018 Jan 9; 27 (1): 57-67. doi: 10.1016/.
cmet.2017.08.007.

8. Courtney M, Gjernes E, Druelle N, Ravaud C, Vieira A,
Ben-Othman N et al. The inactivation of Arx in pancrea-
tic alpha-cells triggers their neogenesis and conversion
into functional beta-like cells. PLoS Genet. 2013 Oct; 9
(10): €1003934. doi: 10.1371/journal.pgen.1003934.

9. Furuyama K, Chera S, van Gurp L, Oropeza D, Ghila L,
Damond N et al. Diabetes Relief in Mice by Glucose-
Sensing Insulin-Secreting Human a-Cells. Nature. 2019
Mar; 567 (7746): 43-48. doi: 10.1038/s41586-019-
0942-8.

10. Thorel F, Népote V, Avril I, Kohno K, Desgraz R, Che-
ra S, Herrera PL. Conversion of adult pancreatic alpha-

122



REGENERATIVE MEDICINE AND CELL TECHNOLOGIES

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

cells to beta-cells after extreme beta-cell loss. Nature.
2010 Apr 22; 464 (7292): 1149-1154. doi: 10.1038/na-
ture08894.

Remedi MS, Emfinger C. Pancreatic B-cell identity in
diabetes. Diabetes Obes Metab. 2016 Sep; 18 Suppl 1
(Suppl 1): 110-116. doi: 10.1111/dom.12727.
Bonner-Weir S, Toschi E, Inada A, Reitz P, Fonseca SY,
Aye T, Sharma A. The pancreatic ductal epithelium ser-
ves as a potential pool of progenitor cells. Pediatr Di-
abetes. 2004; 5 (Suppl 2): 16-22. doi: 10.1111/5.1399-
543X.2004.00075.x.

Bonner-Weir S, Inada A4, Yatoh S, Li WC, Aye T, Toschi E,
Sharma A. Transdifferentiation of pancreatic ductal cells
to endocrine beta-cells. Biochem Soc Trans. 2008 Jun;
36 (Pt 3): 353-356. doi: 10.1042/BST0360353.

Li W-C, Rukstalis JM, Nishimura W, Tchipashvili V,
Habener JE, Sharma A, Bonner-Weir S. Activation of
pancreatic-duct-derived progenitor cells during pancreas
regeneration in adult rats. J Cell Sci. 2010 Aug 15; 123
(Pt 16): 2792-2802. doi: 10.1242/jcs.065268.

Bouwens L. Transdifferentiation versus stem cell hypo-
thesis for the regeneration of islet beta-cells in the pancre-
as. Microsc Res Tech. 1998 Nov 15; 43 (4): 332-336. doi:
10.1002/(SICI)1097-0029(19981115)43:4<332::AID-
JEMT7>3.0.CO;2-1.

Kim HS, Lee MK. B-Cell regeneration through the trans-
differentiation of pancreatic cells: Pancreatic progenitor
cells in the pancreas. J Diabetes Investig. 2016 May; 7
(3): 286-296. doi: 10.1111/jdi.12475.

Baeyens L, Lemper M, Leuckx G, De Groef'S, Bonfanti P,
Stange G et al. Transient cytokine treatment induces aci-
nar cell reprogramming and regenerates functional beta
cell mass in diabetic mice. Nat Biotechnol. 2014 Jan; 32
(1): 76-83. doi: 10.1038/nbt.2747.

Miyazaki S, Tashiro F, Miyazaki J. Transgenic Expressi-
on of a Single Transcription Factor Pdx1 Induces Trans-
differentiation of Pancreatic Acinar Cells to Endocrine
Cells in Adult Mice. PLoS One. 2016 Aug 15; 11 (8):
e0161190. doi: 10.1371/journal.pone.0161190.

Baeyens L, De Breuck S, Lardon J, Mfopou JK, Roo-
man I, Bouwens L. In vitro generation of insulin-pro-
ducing beta cells from adult exocrine pancreatic cells.
Diabetologia. 2005 Jan; 48 (1): 49-57. doi: 10.1007/
$00125-004-1606-1.

Zhou Q, Brown J, Kanarek A, Rajagopal J, Melton DA.
In vivo reprogramming of adult pancreatic exocrine cells
to beta-cells. Nature. 2008 Oct 2; 455 (7213): 627-632.
doi: 10.1038/nature07314.

Docherty FM, Sussel L. Islet Regeneration: Endogenous
and Exogenous Approaches. Int J Mol Sci. 2021 Mar 24;
22 (7): 3306. doi: 10.3390/ijms22073306.

Jorns A, Klempnauer J, Tiedge M, Lenzen S. Recovery of
pancreatic beta cells in response to long-term normogly-
cemia after pancreas or islet transplantation in severely
streptozotocin diabetic adult rats. Pancreas. 2001 Aug;
23 (2): 186-196. doi: 10.1097/00006676-200108000-
00009.

123

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Mikhailichenko VYu, Stolyarov SS. Effect tranplantation
of pancreas islet cell cultures at alloxan diabetes at rats
in experiment. International Journal of Applied and fun-
damental research. 2015; 9 (4): 670-672.

Jung HS, Ahn YR, Oh SH, Kim YS, No H, Lee MK,
Kim KW. Enhancement of beta-cell regeneration by is-
let transplantation after partial pancreatectomy in mice.
Transplantation. 2009 Aug 15; 88 (3): 354-359. doi:
10.1097/TP.0b013e3181b07a02.

Baranova NV, Ponomareva AS, Kirsanova LA, Nikols-
kaya AO, Bubentsova GN, Basok YuB, Sevastianov VI.
Functional efficiency of pancreatic cell-engineered con-
struct in an animal experimental model for type I dia-
betes. Russian Journal of Transplantology and Artificial
Organs. 2024; 26 (2): 94-104. [In Russ, English abs-
tract]. doi: 10.15825/1995-1191-2024-2-94-104.
Ponomareva AS, Kirsanova LA, Baranova NV, Surgu-
chenko VA, Bubentsova GN, Basok YuB et al. Decel-
lularization of donor pancreatic fragment to obtain a
tissue-specific matrix scaffold. Russian Journal of Trans-
plantology and Artificial Organs. 2020; 22 (1): 123—-133.
[In Russ, English abstract]. doi: 10.15825/1995-1191-
2020-1-123-133.

Sevastianov VI, Basok YB. Biomimetics of Extracellular
Matrices for Cell and Tissue Engineered Medical Pro-
ducts. Newcastle upon Tyne, UK: Cambridge Scholars
Publishing, 2023; 339.

Sevastianov VI, Ponomareva AS, Baranova NV, Kirsano-
va LA, Basok YuB, Nemets EA et al. Decellularization of
Human Pancreatic Fragments with Pronounced Signs of
Structural Changes. Int J Mol Sci. 2023 Dec 21; 24 (1):
119. doi: 10.3390/ijms24010119.

Sevastianov VI, Ponomareva AS, Baranova NV, Belo-
va AD, Kirsanova LA, Nikolskaya AO et al. A Tissue-En-
gineered Construct Based on a Decellularized Scaffold
and the Islets of Langerhans: A Streptozotocin-Induced
Diabetic Model. Life (Basel). 2024 Nov 19; 14 (11):
1505. doi: 10.3390/1ife14111505.

Sanchez A, Lawzewitsch J. Histological study of endo-
crine pancreas: cell differentiation process in Langerhans
islets of bovine fetus and adult bovines. Commun Biol.
1985; 5 (3): 345-365.

Riadinskaia NI, Siraziev RZ. [Histological and histoche-
mical characteristics of pancreas of deer at the Altay].
Tsitologiia. 2008; 50 (8): 719-724. [In Russ]. PMID:
18822792.

Kirsanova LA, Bliumkin VN. [Some characteristics of the
histological structure of the fetal bovine pancreas]. Biull
Eksp Biol Med. 1990 Sep; 110 (9): 330-332. [In Russ].
PMID: 2268733.

Skaletskaya GN, Skaletskiy NN, Kirsanova LA, Buben-
tsova GN, Volkova EA, Sevastyanov VI. Experimental
implantation of tissue-engineering pancreatic construct.
Russian Journal of Transplantology and Artificial Or-
gans.2019; 21 (2): 104-111. [In Russ, English abstract].
doi: 10.15825/1995-1191-2019-2-104-111.

The article was submitted to the journal on 14.03.2025




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3386 3386]
  /PageSize [612.000 792.000]
>> setpagedevice


