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Objective: to obtain long-lived proliferating cells with progenitor features by dedifferentiation of mature rat he-
patocytes using combinations of small molecules. Materials and Methods. Hepatocytes isolated from rat liver
by perfusion were cultured in the presence of a cocktail of three small molecules — Wnt signaling pathway acti-
vator (CHIR99021), TGF-f inhibitors (A83-01) and ROCK kinase (Y27632). The morphological characteristics
and growth features of the culture were assessed using fluorescence and phase-contrast microscopy during cell
culture. Cell proliferative activity was analyzed using real-time time-lapse imaging. The expression of surface
and intracellular markers was analyzed using flow cytometry and high-resolution fluorescence microscopy.
Results. Using a cocktail of small molecules, Y-27632, A-83-01, and CHIR99021, long-lived proliferating cells
that express progenitor cell markers, such as a-fetoprotein and HNF4a, were obtained from mature rat hepatocytes.
The cells had hepatocyte-like morphology and formed discrete clusters of proliferating cells, forming a single
cell layer during culturing. Removal of the small molecules from the medium led to expansion of fibroblast-like
cells and elimination of potentially progenitor hepatocyte-like cells. Conclusion. Proliferating progenitor cells

can be obtained by dedifferentiation of mature hepatocytes.
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INTRODUCTION

Despite the fact that primary rat hepatocytes were first
isolated from the liver more than 50 years ago [1], and the
first report on isolation of hepatocytes from the human
liver appeared 20 years later [2], issues on long-term cul-
ture of these cells and their preservation in functionally
active state in vitro still remain unsolved. Meanwhile,
it has been reliably proved that in conditions of chronic
liver injury, hepatocytes are able to de-differentiate into
proliferating bipotent progenitor/stem cells [3]. In this
regard, coming up with ways to obtain progenitor cells
from mature hepatocytes in vitro is of great importance.
This may not only help to better understand the origin
of hepatic progenitor cells and reprogramming mecha-
nisms, but also offer an unlimited source of cells for
generation of functional hepatocytes, which are widely
used in pharmacology, clinical medicine, tissue enginee-
ring and disease modeling.

Over the past few years, scientists have managed to
achieve certain successes in this direction. For example,
protocols for transdifferentiation of mesenchymal stem
cells into functionally active hepatocyte-like cells have
been developed [4]. Many works have appeared in which

hepatocytes were obtained from induced pluripotent stem
cells [5], and a number of studies have described ap-
proaches to obtaining the so-called induced hepatocytes
from various somatic cells [6]. All these methods, of
course, have certain scientific interest, but at the same
time have a number of limitations in terms of prospects
of'use in clinical practice. In particular, the use of genetic
modifications for cell reprogramming poses a number of
problems for the safety of their clinical use. One of the
promising current approaches to address safety issues is
cell reprogramming using the so-called small molecules.
Small molecules are low molecular weight compounds
that can include lipids, monosaccharides, secondary mes-
sengers, other natural compounds, as well as drugs and
other xenobiotics. Small molecules have a number of
undeniable advantages over any other way of regulating/
altering cell fate: as a rule, they are permeable to cells;
they are easier to synthesize and standardize; their cost is
low, which allows using this method for mass production
of cells with given properties. More importantly, the
effects of small molecules can be regulated by varying
their concentrations and combinations, thus providing a
higher degree of temporal and spatial control over the
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function of the target protein or signaling pathway [7].
In 2017, Katsuda et al. [8] published a paper showing
that it is possible to obtain proliferating hepatic bipotent
progenitor cells from mature rat hepatocytes using a
cocktail of small molecules such as Y-27632, A-83-01
(ROCK kinase and TGF- inhibitors, respectively) and
CHIR99021 (Wnt signaling pathway inhibitor) without
any genetic modifications. The obtained cells, which
the authors called chemically induced liver progenitors
(CLiPs), had stem cell properties, i.e., they prolifera-
ted in culture and differentiated into hepatocytes and
cholangiocytes. Around the same time, another work
was published, which described a method for obtaining
hepatic progenitor cells from mature murine hepatocytes
by creating in vitro conditions simulating chronic liver
injury conditions in vivo, when not only proliferation
of mature hepatocytes occurs but also their reversible
transformation into progenitor cells of the ducts occurs
[9]. In addition to the aforementioned small molecules
CHIR99021, A83-01 and Y27632, this medium also
contained epidermal growth factor (EGF) and hepato-
cyte growth factor (HGF), Yap signaling activators —
lysophosphatidic acid and sphingosine-1-phosphate.
Proliferating duct-like cells (hepPDCs) obtained from
hepatocytes in this manner were able to undergo more
than 30 passages without obvious morphological chan-
ges or karyotype disruption. Gene expression profiles
showed that these cells express markers of hepatocytes,
cholangiocytes and hepatic progenitor cells, and are also
capable of differentiating into mature functionally active
hepatocytes [9]. Using a similar culture medium with
slight modifications, the authors obtained progenitor cells
from mature human hepatocytes after 2 years [10]. Also
in 2019, the work of Kim et al. [11], who used a cock-
tail of two small molecules A83-01 and CHIR99021 in
combination with EGF and HGF to obtain human hepatic
progenitor cells from mature hepatocytes, which they
named human chemically derived hepatic progenitors
(hCdHs). The resulting hCdHs cells expressed hepatic
progenitor cell markers and underwent about 10 passages
in culture, maintaining a normal karyotype and the ability
to differentiate into hepatocytes and bile duct epithelial
cells in vitro. Gene profiling confirmed reprogramming at
the transcriptional level, showing expression of the genes
responsible for the progenitor state and suppression of
mature hepatocyte genes. In intrasplenic transplantati-
on in several animal models, hCdHs cells effectively
repopulated the liver parenchyma [11]. More recently,
work was published in which in a similar manner, using
a cocktail of two small molecules A83-01, CHIR99021
and HGF, bipotent progenitor cells were derived from
mature hepatocytes of nonhuman primates [12].
Taking into account the importance of the problem
of obtaining proliferating liver cells in culture for sol-
ving the problems of cell biology, the lack of work on

this topic in national science, as well as the importance
of developing technology for cell mass reproduction
and use in regenerative medicine, we aimed our work at
obtaining proliferating cells with progenitor features by
dedifferentiation of mature rat hepatocytes using com-
binations of small molecules.

MATERIALS AND METHODS

Rat liver cells were isolated by two-stage perfusion
using a collagenase buffer, followed by washing and
seeding on culture plates modified with bovine collagen
type 1. The first stage of perfusion was performed with
250 ml of Liver Perfusion Medium (LPM) (Gibco™,
USA), the first two minutes at 5 ml/min, followed by
the remaining volume at 25 ml/min. The second stage
of perfusion was performed with Hanks’ collagenase
buffer (HBSS without Ca*" and Mg**, without phenol
red, (Gibco™, USA)) with addition of 0.03% type IV
collagenase (PanEco, Russia) and 0.5% bovine serum
albumin BSA (Diaem, Russia) in 250 ml/min at 25 ml/
min. At the end of perfusion, the liver was placed in
L-15 medium cooled to +2...+4 °C (Gibco™, USA) and
transported from the operating room to a laminar box.
Next, the Gilson capsule was opened with a scalpel, and
the contents were crushed in a sterile Petri dish on ice.
Then they were passed through a cell sieve with a pore
size of 100 um, washed with Hepatocyte Wash Medium
(Gibco™, USA), cooled to +2...+4 °C. The cell sus-
pension was centrifuged at +2 °C at 50 g for 5 minutes.
The cell precipitate was resuspended in a fresh portion
of medium and the procedure was repeated three times.
Next, the precipitate was resuspended in William’s E
Medium (Gibco™, USA) with the addition of 5% FBS,
(HyClone, UK), 1% antimycotic antibiotic (Gibco™,
USA) and 200 mM L-glutamine (PanEco, Russia), after
which live cell counts were made on a BioRad TS20
cell counter.

In order to determine the working concentrations of
small molecules, we performed colorimetric analysis of
cell proliferation in an MTT assay. As a cell model of
hepatocytes, we used a human line HepG2, which was
cultured under standard conditions (37 °C, 5%: CO,)
in complete growth medium based on DMEM/F12
(Gibco™, USA) with addition of 10% FBS, penicillin/
streptomycin (100X, PanEco, Russia) and 200 mM L-
glutamine (PanEco, Russia). For the test, serial dilutions
of each inhibitor were added to the wells of a 96-well
flat-bottom plate: for A-83-01, the concentration range
was 2.5 uM to 0.03 uM, for CHIR99021 from 15 pM to
0.2 uM, for Y-27632 from 50 uM to 0.75 uM. Then, cell
suspension (10,000 cells/well) was added to the wells.
Each point in one experiment in four replicates. Intact
cells cultured under the same conditions but without ad-
ding inhibitors were used as the control. The cells were
incubated with small molecules for 4 days. After that,
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culture medium was drained from the wells, 30 pl/well
of MTT solution (5 pg/ml (Sigma, USA)) was added,
and incubated in a CO, incubator for 2—4 hours until for-
mazan crystals precipitated, which were then dissolved
in 100 pl/well of DMSO (dimethyl sulfoxide; PanEco,
Russia). Optical density (OD) was measured on a Tecan
infinite M200 Pro plate reader (Tecan, USA) at 565 nm
wavelength. Cell proliferation level was measured as
described previously [13], using the formula:

(OD of induced cells minus OD blank) / (OD of con-
trol cells minus OD blank) x 100%, where OD blank
is the optical density in the wells containing MTT and
DMSO solution but no cells. OD of control cells is the
optical density in the wells containing intact cells.

For surface modification, a solution of type I bovine
collagen in cold (+2...+4 °C) DPBS at the rate of 12.5 pug
of collagen per 1 cm” surface was added to culture vials
and Petri dishes, then placed for 1 hour in an incubator
at 37 °C. Then, the liquid was drained and the cell sus-
pension was inoculated at a given concentration: 2 x 10°
cells/cm?. After two hours of incubation under standard
conditions (37 °C, 5%: CQO,), William’s E Medium and
unattached cells were removed and Hepatozyme-SFM
medium (Gibco™, USA) was added with 1% antibiotic
antimycotic (Gibco™, USA), 200 mM L-glutamine
(PanEco, Russia), a combination of small molecules
in the following concentrations: 1.25 uM for A-83-01,
5 uM for CHIR99021, and 12.5 uM Y-27632. Control
cells were cultured in the same growth medium without
adding the small-molecule cocktail. After 48 hours, the
growth medium was replaced with William’s E Medi-
um with the same additives. Cells were passaged when
50-70% confluence was achieved according to the stan-
dard technique using Versen solution (PanEco, Russia)
and TrypLe reagent (Gibco™, USA).

At certain time intervals, cells on Petri dishes were
stained with the Live/Dead Assay complex of vital dyes
(Invitrogen, USA), which allowed us to evaluate the
morphology of adherent cells and distinguish between
live and dead cells. The study was performed using a Lei-
ca DMi8 Thunder super-resolution microscopic system
equipped with a Leica DFC9000 GTC camera (Leica,
Germany).

Cell proliferation was assessed using a microscopy
system with automatic zeitrapher imaging (IncuCyte
Z0OOM, USA). The system allows us to evaluate the
confluence of cell monolayer in real time with high ac-
curacy and calculate the growth curves of cell culture.

For the analysis, we used passage 1 cells, which
were seeded into 25 ¢cm”® culture vials at the rate of 4 x
10° cells/cm?®. Cell growth was studied on 4 types of
media:

1. William’s E Medium with addition of a small-mole-
cule cocktail;
2. William’s E Medium;

3. DMEM/F-12 Medium with addition of a small-mo-
lecule cocktail;
4. DMEM/F-12 Medium.

The analysis was performed in real time for 26 days.
Growth curves were plotted automatically by the device’s
software.

For cytofluorometric analysis of expression of surface
marker CD29, passage 1 cells cultured with addition of
a small-molecule cocktail were removed from the plate,
incubated with antibodies to CD29, labeled with FITC
(BD Biosciences, USA) for 1 hour. After incubation, the
cells were washed twice in DPBS, fixed in CytoFix (BD
Biosciences, USA) for 15 minutes, and measured on a
BD FACSAria III flow cytometry sorter (BD Bioscien-
ces, USA). At least 10,000 events were analyzed. Data
was processed using FlowJo V10 software.

The expression of intracellular markers in cells cultu-
red in the presence of a small-molecule cocktail was ana-
lyzed by flow cytometry and fluorescence microscopy.
For this purpose, cells were permeabilized in 0.1% Triton
X-100 solution (Sigma, USA) for 10 minutes at room
temperature. Then they were incubated with primary an-
tibodies against Ki-67, a-fetoprotein (AFP), HNF4a, and
cytokeratin 18 (all by SantaCruz Biotechnology, USA)
for 1 hour, and then with FITC-labeled secondary anti-
species antibodies (all by Sigma, USA) for 40 minutes.
Cells stained only with secondary anti-species antibodies
were used as controls for nonspecific binding. For fluo-
rescence microscopy, cell nuclei were doped with DAPI
(1 pg/mL) (4°,6-diamidino-2-phenylindole; Invitrogen,
USA) and the preparation was encased in fluorescence
protector (Anti-Fade Fluorescence Mounting Medium,
Abcam, USA). Fluorescence analysis and flow cytoflu-
orimetry were performed as described above.

RESULTS AND DISCUSSION

At the first stage of work, we analyzed the effect of
small molecules on the proliferation level of HepG2
cells and determined the optimal concentrations of small
molecules for further work.

Fig. 1 shows that all the three small molecules in
certain concentration ranges induced an increase in the
proliferative level of the HepG2 cell line. Thus, the
ROCK kinase inhibitor (Y27632) increased the level of
cell proliferation in the concentration range from 0.75 to
12.5 uM (Fig. 1, a), the Wnt signaling pathway inhibi-
tor (CHIR99021) stimulated proliferative activity in the
range from 0.2 to 7.5 uM (Fig. 1, b), whereas the TGF-§
inhibitor (A83-01) increased cell proliferation throug-
hout the entire concentration range of 0.03 to 2.5 uM
used (Fig. 1, b). Based on the data obtained and guided
by previously published works in which the same small
molecules were used to reprogram hepatocytes, the fol-
lowing working concentrations of small molecules were
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determined: 12.5 puM for Y-27632, 5 uM for CHIR99021
and 1.25 uM for A-83-01.

Fluorescence and phase-contrast microscopy were
used to analyze the effect of the small-molecule cocktail
on formation of proliferating cell culture from rat hepa-
tocytes. After isolation, rat hepatocytes were divided into
two cultures. In the control culture, cells were cultured
without addition of small-molecule cocktail, in the ex-
perimental culture, cells were cultured with addition of
small-molecule cocktail in the working concentrations
determined in preliminary experiments. Fluorescence
microscopy of cells stained with the Live/Dead™ com-
plex 24 hours after cell isolation showed that a significant
number of viable cells were present in both the control
and the experimental variant (Fig. 2).

It is noteworthy that already one day after isolation,
the difference in the level of viability of control and ex-
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perimental cultures was clearly visible. A much higher
level of cell death can be observed in the control cells
(Fig. 2, a) compared to the experimental cells that were
cultured in the presence of the small-molecule cocktail
(Fig. 2, b). Morphologically, two types of cells can be
distinguished in the experimental culture: hepatocyte-
like and oval-shaped cells.

On the fifth day of the experiment, even more sig-
nificant differences in the experimental and control cell
cultures were noted (Fig. 3, a, b). By this time, in the
control culture, mainly single strongly expanded cells
with signs of plasma and nuclear membrane disruption
and increased vacuolization were preserved (Fig. 3, a).
Whereas in the experimental culture along with the same
mature cells, transitioning into the state of cell death,
groups of newly formed cells were visualized (Fig. 3, b).
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Fig. 1. Dependence of HepG2 cell proliferation level on serial dilutions of small molecules in the culture medium: a — in the
presence of Y-27632; b — in the presence of CHIR99021; ¢ — in the presence of A-83-01
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By day 7 of the experiment, the process of cell death
continued in the control culture (Fig. 3, c). In the ex-
perimental culture, proliferation enhancement with the
formation of small cell clusters was clearly visualized
(Fig. 3, d). On day 10 of the experiment, due to complete
cell death in the control culture, only the experimental
variant was monitored. During this time in the expe-
rimental culture, there was increased count of cells in
the formed clusters, compaction of their structure and
formation of the extracellular matrix (Fig. 4).

After 15 days of the experiment, there was cell expan-
sion in clusters, which led to their outgrowth, fusion with
neighboring clusters, and formation of a cell layer. The
level of cell death in the culture was insignificant (Fig. 5).

For all subsequent experiments, cells after the first
passage were used, which from the moment of isolation
were continuously cultured in the presence of the small-
molecule cocktail. To evaluate the effect of different
growth media and the small-molecule cocktail on cell
growth in culture, proliferation analysis was performed,
and growth curves were plotted using a microscopy sys-
tem with automatic zeitraffer imaging. Analysis of the
growth of cell population on different media with and
without addition of the small-molecule cocktail showed
that the cells that were cultured on media (DMEM/F12
and William’s E) without addition of small molecules
demonstrated the most rapid growth and uniform expan-
sion (Fig. 6, a and b).

However, visual analysis of images revealed that in
both variants of the growth media in the absence of the
small-molecule cocktail, growth of the cell population

occurred due to expansion of fibroblast-like cells. Cha-
racteristic clusters of hepatocyte-like cells in these va-
riants were absent throughout the experiment (26 days).

On the other hand, when cells were cultured in both
types of growth media (DMEM/F12 and William’s E)
in the presence of small-molecule cocktail after the first
passage, formation of hepatocyte-like cell clusters took
place, the same as we observed in the initial experimental
variant after isolation of hepatocytes before passage.
Thus, it is shown that for maintenance of growth and
proliferation of hepatocyte-like, but not fibroblast-like,
cells, not only the initial exposure to the small-molecule
cocktail is necessary, but also their constant presence
in the growth medium throughout the entire period of
cultivation. It is noteworthy that when cultured on a
DMEM/F12 medium, cell cluster formation began sig-
nificantly earlier (48 hours after cell planting), whereas
in William’s E medium, it was noted only on day 7 of
culturing. The number of cell clusters in the field of view
also differed. For each cell culture sample, 80 fields of
view per 25 cm’ culture vial were analyzed. When cul-
tured on DMEM/F12 medium in the presence of small
molecules, cell clusters occurred in 90% of the analyzed
fields of view. When growing on William’s E medium
with addition of small molecules, this figure reached
only 50%.

Phase-contrast microscopy of cells at different stages
of cell culture growth allowed us to visualize formation
of individual clusters. The center of such cluster forma-
tion is large, mostly irregularly shaped binuclear cells

(Fig. 7).

Fig. 2. Fluorescence microscopy of liver cells 24 hours after isolation. Live/Dead™ staining. a — control cells (without addi-
tion of the small-molecule cocktail), b — experimental cells (with addition of the small-molecule cocktail). Green color — live
cells, red — cells in a state of death. 50x magnification
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A significant number of cells containing two nuclei
are found in the emerging cell cluster. It is known that
one of the characteristic features of the liver is hepa-
tocyte polyploidy, i.e. increased number of the set of
chromosomes per cell. Polyploid hepatocytes can be
presented in several variants: they can be tetraploid (bi-
core with a 2n set of chromosomes or unicore with a 4n
set of chromosomes) or octaploid (bicore with a 4n set
of chromosomes or unicore with an 8n set of chromoso-
mes) [14]. The functional role of hepatocyte polyploidy
is still not entirely clear. However, it has been shown
that polyploid hepatocytes have increased proliferative
capacity, expressing a number of genes associated with
the passage of the cell cycle [15].

Day 5

Further, in the process of culturing, there is active
cell division and peripheral growth of the cluster with
formation of significant clusters of densely packed cells
(Fig. 8, a) at a later stage in close proximity with fibro-
blast-like cells (Fig. 8, 0).

Expression of surface and intracellular markers was
analyzed on cells after the first passages cultured with
addition of the small-molecule cocktail.

CD29 or integrin B1 belongs to the family of integrin
proteins that are involved in cell interactions with extra-
cellular matrix proteins such as collagen, laminin, and
fibronectin, as well as in heterodimers, participates in
intercellular interactions, and plays a functional role in
cell migration, adhesion, and survival. CD29 is widely

Fig. 3. Fluorescence microscopy of liver cells at day 5 (A and B) and day 7 (C and D) after isolation. Live/Dead™ staining. a,
¢ — control cells (without addition of small-molecule cocktail), b, d — experimental cells (with addition of the small-molecule
cocktail); b — group of newly formed cells; d — formation of cell clusters. Green color — live cells, red color — cells in a state

of cell death. 200x magnification
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expressed on various cell types, including mesenchymal
and epithelial cells, as well as stem/progenitor cells of
different origin [16]. So, CD29, along with CD44 and
CD90, is often considered a marker of mesenchymal
stem/stromal cells (MSCs) isolated from different tis-
sue sources, both in humans [17] and in rodents [18].
In the adult liver, integrin B1 is expressed by mature
hepatocytes [19], as well as by hepatic stem cells and
hepatoblasts [20].

Using flow cytofluorimetry, we analyzed the ex-
pression of Integrin beta 1 (CD29) on the cell surface
(Fig. 9, a).

As seen in Fig. 9, a, CD29 expression was observed
on more than 60% of the cells. Morphologically, hepa-
tocyte-like cells predominated in this culture (Fig. 9, b).

Deletion of integrin beta 1 in the embryonic liver
leads to disruption of the normal development of he-
patocyte polarity, lack of specification of intercellular
contacts, and failure to form tubules. Directed deletion
of integrin beta 1 in adult hepatocytes prevents restora-
tion of normal hepatocyte architecture after liver injury
followed by development of fibrosis [21]. So, CD29
expression on cells derived from rat hepatocytes after
culturing them in the presence of small molecules may
also ensure maintenance of the characteristic architecture
of the forming clusters and promote proliferation.

The expression of intracellular markers in cells was
analyzed using two methods. Using ultrahigh resolution
fluorescence microscopy, the expression of such liver-
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Fig. 4. Phase-contrast microscopy of a dense hepatocyte-like
cell cluster at day 10 in the experimental culture. 200x ma-
gnification

associated proteins as cytokeratin 18, alpha-fetoprotein,
HNF40, and the proliferation cell marker Ki-67 was
assessed.

Proliferation marker Ki-67 is expressed in the nuc-
leus during the G1, S and G2-M phases of cell cycle in
proliferating cells [22]. We showed that almost 100% of
the cells express this protein (Fig. 10, a).

Cytokeratin 18 is a cytoskeleton protein and a major
intermediate filament expressed in the liver [23]. Cyto-
keratin 18, along with cytokeratin 19, has been shown
to be expressed in human hepatic stem cells similar to
rodent oval cells [24]. We have shown that cytokeratin
18 expression is characteristic of all cells in culture that
have hepatocyte-like morphology (Fig. 10, b).

Hepatocyte nuclear factor 40 (HNF4a) is an orphan
nuclear receptor that is known to be a master regulator
of hepatic differentiation processes because it regulates a
large number of hepatocyte-specific genes [25]. HNF4a
regulates important liver functions such as glycolysis,
gluconeogenesis, fatty acid metabolism, bile acid synthe-
sis, drug metabolism, apolipoprotein synthesis, ureoge-
nesis and blood coagulation by regulating the transcripti-
on of multiple genes involved in each of these functions
[26-28]. In addition to mature hepatocytes, HNF4a is
expressed by human and rodent bipotent hepatoblasts
during embryogenesis [29], as well as by hepatic stem
cells in the adult organ [30].

We also detected HNF4a expression predominantly
in cells forming characteristic clusters (Fig. 11, a).

Fig. 5. Fluorescence microscopy of cells on day 15 after iso-
lation. Live/Dead™ staining. Expansion of cells in clusters
leading to formation of large cell clusters. Green color — live
cells, red color — cells in a state of cell death. 100x magni-
fication

129



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXIII N¢ 3-2021

The obtained images clearly show the nuclear lo-
calization of HNF4o, which is characteristic of normal
hepatic cells. HNF4a expression in the cells cultured in
the presence of the small-molecule cocktail indicates
their hepatocytic origin and progenitor potential.

Alpha-fetoprotein (AFP) is one of the most studied
markers of cell differentiation and tumor development.

This protein is expressed by fetal and malignant hepato-
cytes and is not expressed by normal mature hepatocytes
[31]. AFP is a major marker of oval cells [32] and imma-
ture hepatocytes [33]. Due to the fact that AFP expression
strongly correlates with expression of fetal genes during

ontogenesis, this protein serves as an ideal candidate
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Fig. 7. Phase-contrast microscopy of hepatocyte-like cell clusters forming in the presence of a small-molecule cocktail.
a — central binucleated cell, presumably giving rise to cluster growth. b — cell proliferation in a cluster; arrows indicate binu-
cleated cells. 200 magnification

Fig. 8. Phase-contrast microscopy of the cell layer at late stages of culturing (47 days) in the presence of a small-molecule
cocktail. a — dense hepatocyte-like cell cluster; 200x magnification. b — contact zone of different cell types within a single cell
layer; 1 — hepatocyte-like cells, 2 — fibroblast-like cells. 100x magnification
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Fig. 9. a — cytofluorimetric analysis of CD29 expression. Blue peak — autofluorescence of control cells not stained with an-
tibodies. Red peak — fluorescence of anti-CD29-FITC bound to the cells. b — phase-contrast microscopy of the culture. 100x
magnification
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marker for tracking and studying stem cell development,
differentiation and redifferentiation pathways.

We analyzed a-fetoprotein expression using two me-
thods, fluorescence microscopy and flow cytometry. For
this purpose, we performed intracellular staining of cells
with antibodies specific to AFP. The staining results are
shown in Figs. 11, b and 12. When performing fluo-
rescence microscopy, we observed a not very distinct

Vol. XXl N2 3-2021
pattern of AFP expression in cells, namely, very few
cells were stained with antibodies to this protein, and
its localization in most cells was predominantly perinu-
clear, and only in some cells AFP was distributed in the
cytoplasm, which is typical for this protein (Fig. 11, b).
To confirm the presence of AFP expression, cytoflu-
orimetric analysis of intracellular staining of cells with
appropriate antibodies was performed (Fig. 12).

Fig. 10. Fluorescence microscopy of cells after culturing in the presence of small molecules. a — cells were stained with Ki-67
antibodies. Nuclei are stained with DAPI. 100x magnification. b — cells were stained with cytokeratin 18 antibodies. 200%

magnification

Fig. 11. Fluorescence microscopy of cells after culturing in the presence of small molecules. a — cells stained with anti-
HNF4a. b — cells stained with AFP antibodies. Cell nuclei were stained with DAPI. 200x magnification
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Fig. 12. Cytofluorimetric analysis of AFP expression in cells.
a — control cells stained with anti-species secondary antibo-
dies. b — cells stained with AFP antibodies

As follows from Fig. 12, about 10% of cells express
a-fetoprotein, which confirms the result obtained by fluo-
rescence microscopy. Thus, the presence of AFP expres-
sion in cells derived from mature rat hepatocytes after
culturing in the presence of the small-molecule cocktail
indicates their dedifferentiation/reprogramming into an
immature progenitor state.

CONCLUSION

Induction of mature hepatocytes by a small-molecule
cocktail may serve as one approach to reprogramming
terminally differentiated cells into a progenitor state. It
has been demonstrated that the presence of three small
molecules Y-27632, A-83-01 and CHIR99021, in the
medium allows to culture rat hepatocytes for a long time
(over 2 months). At the same time, significant changes
in their morphology occur and liver progenitor cell mar-
kers, such as AFP and HNF4aq, start to be expressed.
This result opens up new opportunities for studying the
mechanism of dedifferentiation/reprogramming of ma-
ture hepatocytes. In our opinion, it is a starting point for
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further studies aimed at studying the properties of hu-
man hepatic progenitor cells, developing their production
methods with subsequent application in the treatment
of end-stage liver diseases, such as cirrhosis of various
etiology and malignant tumors.
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