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Aim. To prove potential tumor-suppressor properties of Z4GLN in baculovirus expression
system in vitro. Methods. TAGLN cloning into baculovirus expression system. Cell line trans-
duction of recombinant baculoviruses (PC3, PNT2, LNCaP, HEK293). Cell viability and
fluorescent microscopy detection to investigate the qualitative and quantitative cell’s charac-
teristics. Relative gene expression of TAGLN, MKI67 and CASP3 investigation by a quantita-
tive RT-PCR. Results. Transduction of AcGFP-TAGLN resulted in increased cell death on 24
and 48 hours after transduction in all cell lines compared to the virus-free groups. Fluorescence
microscopy confirmed massive cell death of transduced cell lines with Z4GLN. The study of
TAGLN relative gene expression after AcCGFP-TAGLN transduction has shown a significant
increase in TAGLN expression in the PC3 and PNT2 cell lines. Increased CASP3 expression
in PNT2 cells upon AcGFP-TAGLN transduction was detected. Conclusions. The effect of
TAGLN administration on cell survival of both normal and cancer cell lines was shown. This
confirms the evidence of the potential tumor suppressor function of ZAGLN by a direct action
on the tumor cells. Increased expression of CASP3 in PNT?2 cells and the absence of this effect
in PC3 cells upon ZAGLN transduction indicate different mechanisms of cel Ideath. These facts
require further research.
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Introduction

The tumor suppressor genes (TSG) are a very
important group among the tumor-associated
genes. They play a pivotal role at all stages of
carcinogenesis according to the modern con-
ceptions of the oncological diseases develop-
ment [1, 2]. TSGs have been found in different
functional groups of genes. They are usually

inactivated in cancer tissues and cancer cell
lines [3, 4]. TSGs loss of function is one of the
properties, which helps to find new genes in
this group [5]. TSGs are very important targets
for the cancer gene therapy [6, 7]. Their func-
tional restoration could help to overcome the
cancer drug resistance [8, 9]. Therefore, TSGs
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cloning and their subsequent expression in
cancer cells will help to reveal the functional
properties of these genes in carcinogenesis and
to develop new methods of therapy.

Our previous studies on the search for the
potential prostate cancer suppressor genes
showed a decreased expression of the TAGLN
gene, which coded Transgelin (SM22), in the
cancer cell lines compared to the normal pros-
tate cell line [10, 11]. In the prostate tumor
tissues, the TAGLN gene revealed a high level
of the expression heterogeneity [12]. It is
known that this gene has potential TSG prop-
erties in particular in colorectal and prostate
cancer [ 13—15]. But in some other tumor types,
on the contrary, it has the properties that stim-
ulate the cancer growth, in particular, in the
lung tumor cells and some types of breast
cancer cell lines [16—18]. The TAGLN protein
functioning is associated with the cancer cell
migration, apoptosis and small molecule bio-
chemistry [18]. Our previous investigations
have shown the efficient gene delivery to the
mammalian cells by the Baculovirus expres-
sion system [19, 20]. This expression system
was chosen for the TAGLN cloning.

Considering these data, the aim of our in-
vestigation was to clone the ZAGLN gene in
the Baculovirus system and transduce it to
cancerous and normal cell lines in order to
determine the effect of the TAGLN gene ex-
pression on cell survival and marker genes
expression.

Material and methods

Construction of recombinant baculoviruses.
Recombinant baculoviruses were obtained on
the basis of Autographa californica multiple
nuclear polyhedrosis virus (AcMNPV) in the

Bac-to-Bac Baculovirus Expression System
(Thermo Fisher Scientific, USA) according to
the manufacturer’s protocol.

Plasmid pFastBac was used as a donor plas-
mid. According to the protocols, recombinant
baculoviruses AcGFP were obtained under the
CMYV virus gene promoter for expression in
mammalian cells with the Green fluorescent
protein (GFP) gene embedded in the cassette
under the CV40 promoter [20, 21]. Recombinant
baculovirus AcGFP-TAGLN contained both the
TAGLN and the GFP gene in the cassette.

Insect and human cell cultures. A mono-
layer culture of Sf21 insect cells was grown in
TC-100 medium (Sigma) with the addition of
10 % FBS at 28 °C. Transfection of cells by
recombinant baculoviruses was carried out
according to the standard procedures [21].

Human cells were cultured in DMEM me-
dium (Sigma) with the addition of 10 % fetal
calf serum FBS (Sigma) at 37 °C in a CO2
incubator.

Two prostate cancer cell lines (LNCaP,
PC3), one conventionally normal prostate cell
line (PNT2) and human embryonic kidney cell
line HEK293 were used to study the potential
tumor suppressor activity of the TAGLN in vi-
tro. The transduction of these cell lines by
recombinant baculoviruses with the TAGLN
(AcGFP-TAGLN) and without it (AcGFP) was
performed three times in three replicates [20,
21]. All types of cell lines without baculovi-
ruses under transduction procedures were per-
formed as controls. The cells were cultured for
24 and 48 hours after transduction. The cell
viability was investigated in different variants
of transduction. It was examined by staining
with Trypan blue according to a standard pro-
tocol [22]. The visual assessment of transduc-
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tion and the evaluation of cell quality charac-
teristics were performed using a Leica fluores-
cence microscope. Additionally, all studied
groups were taken to detect the relative gene
expression levels in the PC3 and PNT2 cell
lines (described below).

Total RNA isolation and cDNA synthesis.
Cell lines were washed three times with PBS
before the RNA isolation. Total RNA was ex-
tracted by TRI-reagent (SIGMA), according to
the manufacturer’s protocol. The total RNA con-
centration was analyzed by a spectrophotometer
(NanoDrop Technologies Inc. USA). cDNA was
synthesized from 1 pg of the total RNA, treated
with RNase free DNase I (ThermoFisher
Scientific, USA), using RevertAid H Minus
M-MuLV Reverse Transcriptase (ThermoFisher
Scientific, USA), according to the manufacturer’s
protocol.

Quantitative PCR (qPCR). The levels of
a relative gene expression (RE) of the TAGLN,
MKI67, CASP3 genes were assessed by qPCR,
using a Maxima SYBR Green Mastermix
(ThermoFisher Scientific, USA) on a Bio-Rad
CFX96 Real-Time PCR Detection System
(USA) under the following conditions:
95 °C — 10 min, following 40 cycles of
95 °C — 15 s, 60 °C — 30 s, elongation
72 °C — 30 s. Primers for all genes were se-
lected from a qPrimerDepot (https://primerde-
pot.nci.nih.gov/) database and confirmed,
using the https://www.ncbi.nlm.nih.gov/tools/
primer-blast/ algorithm.

The reference gene TBP was used for the
gene expression normalization [23]. The Model
2-ACt described earlier [24] was used for cal-
culation and analysis of the RE levels.

Statistical analysis. The Kolmogorov-
Smirnov test was applied to assess the norma-
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lity of distribution. The Kruskal-Wallis test
was used to determine differences between the
experimental groups. The Dunn-Bonferroni
test for multiple comparisons was performed
as post hoc test to determine RE differences
between groups [23, 24].

Results

The transduction of cell lines LNCaP, PC3,
PNT2 and HEK293 was carried out in three
variants. The cell viability studies were per-
formed 24 and 48 hours after transduction
(Fig. 14—C): A — Transduction of cell lines
without baculovirus; B — Transduction of cell
lines with recombinant AcGFP; C — Trans-
duction of cell lines with recombinant AcGFP-
TAGLN.

The results of the cell viability study after
transduction without baculovirus have shown
the insensitivity of LNCaP, PC3, HEK293 cells
to the transduction procedure (Fig. 14) where-
as there was a tendency of decreasing the
survival of PNT2 cells by about 80 % of living
cells. However, these changes did not have
statistically significant values.

The same tendency of decreased cell sur-
vival (up to 80 % of alive cells) of all four cell
lines (Fig. 1B) was observed after transduction
with recombinant baculovirus with green fluo-
rescent protein (AcGFP), especially 24 hours
after transduction. However, these changes
statistically also did not significantly differ
from the non-transduced control cell groups
(not shown) and the groups with transduction
without baculoviruses.

The opposite situation was observed when
all cell lines were transduced by recombinant
baculovirus with Transgelin (AcGFP-TAGLN)
(Fig. 1C). The amount of dead cells increased
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by about 2—3 times after 24-hour transduction,
so it was significantly higher (p < 0.05) than
in the corresponding groups of the cells trans-
duced without baculovirus and with AcGFP.
The maximal effect on cell survival (almost
60 % dead cells) was observed with the expres-
sion of TAGLN in the PC3 cell line after
24 hours of transduction with AcGFP-TAGLN.

The PC3 cell viability after 48 hours of
AcGFP-TAGLN transduction was slightly in-
creased compared to that after 24 hours, but
remained significantly lower than of the PC3
cells transduced without baculovirus (p < 0.05).

The study of morphological characteristics
of cells using a fluorescent microscope was
carried out after the end of transduction
(0 hours), after 24 and 48 hours. Figure 2
shows the micrographs of the PC3 cell line
after transduction with AcGFP and AcGFP-
TAGLN recombinant baculoviruses. The re-

Fig. 1. Cell viability after recombinant baculoviruses
transduction: 4 — Transduction of cell lines without
recombinant baculovirus, B — Transduction of cell
lines with AcGFP, C — Transduction of cell lines with
AcGFP-TAGLN

sults confirm the successful cell lines transduc-
tion with AcGFP and AcGFP-TAGLN. The
cells have a green color, regular shapes with
clear contours, nuclei and nucleolus. Accumu-
lation of the green fluorescent protein was
found in the cytoplasm of cells. The cells in
different phases of division were observed.
The divergent morphological patterns of the
PC3 cell line are detected 24 hours after the
AcGFP and AcGFP-TAGLN transduction.
Thus, after cell line transduction with AcGFP
it was observed cell growth and proliferation,
accumulation of green fluorescent protein,
whereas after transduction with AcGFP-
TAGLN the massive death of transduced cells
was found. This is evidenced by the loss of
clear cell outlines and cell nuclei. Shapeless
clouds of the green fluorescent protein were
observed instead of live cells. Similar changes
were detected for other cell lines upon the
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Fig. 2. Transduction of the PC3 cell line with recombinant AcGFP and AcGFP-TAGLN.

transduction with the recombinant AcGFP-
TAGLN.

The continued cell growth and accumula-
tion of the fluorescent protein were observed
in the PC3 cells after 48 hours transduction
with AcGFP. At the same time, after transduc-
tion with AcGFP-TAGLN no living green cells
were detected and the clouds of the green
fluorescent protein were less significant.
Noteworthy, the live cells are observed under
light microscopy in these samples, but most
likely these cells did not have transduced re-
combinant baculovirus.

Similar changes in the cell morphology
were also observed for other studied cell lines
(LNCaP, PNT2, HEK239) after transduction
with AcGFP and AcGFP-TAGLN.

We detected that the own TAGLN expres-
sion is present in the PNT2 cells at a suffi-
ciently high level (Fig. 3. columns 1, 2),
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whereas in the cancer PC3 cell line the RE of
TAGLN expression is very low (Fig. 3. co-
lumns 7, 8). These results confirm our previous
studies [10, 11]. Transduction of the PNT2
cells with AcGFP-TAGLN increases the
TAGLN gene expression almost by 2.5 times,
which is significantly higher than in the control
groups (Fig. 3 columns 1-4) (p < 0.05). The
relative expression levels of TAGLN are more
than 10-fold higher in the PC3 cells after 24
and 48 hours of the transduction with AcGFP-
TAGLN compared to the PC3 cells without
baculovirus and with AcGFP (Fig. 3 co-
lumns 7-10) (p < 0.05). However, the TAGLN
expression levels in these PC3 cell groups do
not differ significantly from their own expres-
sion levels in PNT2 (Fig. 3 columns 1-4).
Analysis of the MKI67 relative expression
levels after 24 hours of transduction revealed
no significant differences between experimen-
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Fig. 3. Relative gene expression levels in the PC3 and PNT?2 cell lines after 24 and 48 hours transduction with recom-
binant baculoviruses: / — PNT2 transduction without baculovirus — 24 hours; 2 — PNT2 transduction without
baculovirus — 48 hours; 3 — PNT2 transduced with AcGFP — 24 hours; 4 — PNT2 transduced with AcGFP —
48 hours; 5 — PNT2 transduced with AcGFP-TAGLN — 24 hours; 6 — PNT2 transduced with AcGFP-TAGLN —
48 hours; 7 — PC3 transduction without baculovirus — 24 hours; § — PC3 transduction without baculovirus —
48 hours; 9 — PC3 transduced with AcGFP — 24 hours; /0 — PC3 transduced with AcGFP — 48 hours; /1/ — PC3
transduced with AcGFP-TAGLN — 24 hours; /2 — PC3 transduced with AcGFP-TAGLN — 48 hour; * — p < 0.05
between the studied group and the “transduction without baculovirus” group; # — p < 0.05 between the PC3 and

PNT?2 cell lines corresponding groups

tal groups. However, there was a certain ten-
dency to a decrease in the MKI67 expression
levels in the groups after 24 hours of AcGFP-
TAGLN transduction, both in the PNT2 cell
line and in the PC3 cell line (Fig. 3, columns 5,
11). Additionally, a significant decrease in the
MKI67 expression was noted in the PC3 group
after 48 hours of AcGFP-TAGLN transduction
(Fig. 3, column 12) in comparison with the

same time groups of the PNT2 cell line in all
transduction variants. Such a significant de-
crease of expression level was also detected in
the PC3 group after 48 hours of the AcGFP-
TAGLN transduction in comparison with the
PC3 group after 48 hours of the AcGFP trans-
duction.

Investigation of the relative expression le-
vels of the CASP3 gene showed a single sig-
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nificant (more than twofold) increase in the
expression level in the PNT2 cell line after
24 hours of AcGFP-TAGLN transduction
(p < 0.05), whereas no increase in the CASP3
gene expression was detected in the PC3 cell
line.

Discussion

The TAGLN gene encodes the protein
Transgelin (SM22), which belongs to the cal-
ponin family. It is expressed in various types
of cells, in particular, smooth muscle, epithe-
lial, fibroblast, endothelial cells [13, 25]. The
encoded actin-binding protein takes part in a
number of physiological and pathological pro-
cesses, including the development of asthma
[26], suppression or progression of various
types of cancer [14, 26-29], vascular and car-
diac inflammation [30, 31].

For prostate cancer, the TAGLN gene is a
potential tumor-suppressor gene. Thus, a de-
crease in its expression in the prostate cancer
cell lines was demonstrated in our previous
studies [10, 11] and by other researchers [15].
In this study, we confirmed a decrease in the
TAGLN gene expression in the PC3 cell line
compared to the conditionally normal prostate
epithelial cell line PNT2 (Fig. 3).

The TAGLN gene has an increased level of
expression in lung tumors, oral squamous cell
carcinoma, pancreas cancer, some types of
breast cancer that is a marker of poor progno-
sis [16, 28, 29, 32] whereas in colorectal cancer
tumors it has reduced expression and is a po-
tential tumor suppressor gene [14, 15]. High
variance is found among the TAGLN expression
levels in prostate tumor samples [12]. This may
indicate the expression of this gene in different
cell types, in particular, prostate cancer cells,
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and tumor stromal elements, for example in
fibroblasts, endothelial cells efc. [33].

The results of these studies on the cell lines
with the expression of the TAGLN gene in the
baculovirus expression system showed an in-
crease in the number of dead cells in the con-
ventionally normal prostate PNT2 cell line,
embryonic kidney HEK293 cell line and in the
prostate cancer LNCaP and PC3 cell lines.
Moreover, it was detected a decrease in the
expression levels of the proliferation marker
MKI67 after 48 hours of AcGFP-TAGLN
transduction in both PNT2 and PC3 cell lines.
This indirectly suggests the death of trans-
duced cells under the influence of TAGLN
expression. The TAGLN expression levels after
24-h transduction with AcGFP-TAGLN have
shown significant overexpression in the PNT2
cells and re-expression levels in the PC3 cell
line compared to the normal PN2 cell line
without baculovirus transduction (Fig. 3). In
this case, we are talking about different levels
of the TAGLN expression leading to the death
in normal and tumor cells.

Today, a number of programmed death
pathways of normal and tumor cells are known.
Among them, apoptosis, necrosis, necroptosis,
autophagy occupy the leading places. More-
over, these pathways are different in normal
and cancer cells [34]. It is known that the ac-
quisition of aggressive properties by cancer
cells is accompanied by the blocking of apop-
totic pathways [35].

Massive cell death upon overexpression of
TAGLN in epithelial cells suggests the activa-
tion of an apoptotic program, as shown for
normal epithelial cells [14]. This fact can be
confirmed by the data we obtained regarding
an increase in the CASP3 gene expression in
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the PNT2 cell line upon overexpression of the
TAGLN gene in the baculovirus system
(AcGFP-TAGLN) (Fig. 3, column 5). Activa-
tion of caspase pathways is a key feature of
apoptosis [36]. However, such increase in the
CASP3 expression in the PC3 cancer cell line
was not observed when the TZAGLN gene was
expressed, although significant cell death was
detected upon transduction of PC3 with
AcGFP-TAGLN. This probably happens
through the caspase-independent pathways,
possibly including autophagy, necroptosis, etc.
[35, 37]. This supposition requires further in-
vestigations.

Conclusions

The study demonstrated the potential tumor
suppressor properties of the TAGLN gene in
the prostate cancer cell lines using baculovirus
expression system. The transduction of the
TAGLN gene into normal and cancer cells
causes the death of the studied cell lines. This
confirms the potential tumor suppressor func-
tions of the TAGLN gene by direct action on
tumor cells.

An increased expression of the CASP3 gene
in the PNT2 cells and the absence of this effect
in the PC3 cells upon transduction with AcGFP-
TAGLN indicate different mechanisms of the
TAGLN influence on the death of different cell
types. These facts require further research.
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CBigyeHHs1 NOTEHUIHUX CyNPeCOPHUX
BiaactuBocteil TAGLN in vitro

I'. B. I'epamenxo, O. A. 3axapyk, B. 1. Kanry6a

Mera. JloBecTH MOTEHIIIIHI MyXJIHHO-CYIIPECOPHI Biac-
tuBoCcTi TAGLN y 6aKynoBipycHI cUCTeMi eKcIpecii
in vitro. Metoau. KnonyBanus 74AGLN B OakymnoBipycHyY
cucremy ekcrpecii. Tpancykuist kiitnHHEX JiHi (PC3,
PNT2, LNCaP, HEK293) pexoMOiHaHTHUMH OaKyJIOBipy-
camy. BU3HaueHHS )KUTTE30aTHOCTI KITITHH, (PITyOpeCIIeHT-
Ha MIKPOCKOITIS [T TOCIIKCHHS SIKICHUX 1 KUTbKICHUX

XapaKTEePUCTHK KITHH. J{OCIIiKEHHS BiTHOCHOI eKCIIpe-
cii reriB TAGLN, MKI67 1 CASP3 B KINITUHHHAX JIHIAX 34
nonomororo kinbkicHoi RT-PCR. Pe3yabrarn. Tpancayk-
it pekoMOiHaHTHOTO OakynoBipyca 3 reHoM TAGLN
(AcGFP-TAGLN) mpu3Bonuia A0 MiIBUIICHHS CMEPT-
HOCTI KJIITHH 4epe3 24 Ta 48 ToauH micis TpaHCAYKIIT B
YCIX JOCTIHKYBAaHUX KITITHHHHX JIIHISX y TOPIiBHSHHI 3
rpymnamu 6e3 Bipycy. OmoopecieHTHa MiKPOCKOMIS i
TBEpAMIIA MacoBy 3aruOenb TpaHcaykoBaHux TAGLN
kiituH. JocipkeH s piBHIB BiTHOCHOI ekctipecii TAGLN
micis TpaHcaykiii AcGFP-TAGLN moxkasano 3Ha4He
30utbIeHns excrpecii TAGLN y PC3 ta PNT2. [lerekTo-
BaHo mizsuiieHHs excripecii CASP3 y PNT2 npu Tpanc-
nykitii AcGFP-TAGLN. BucnoBku. byro moka3ano BIums
BBenicHHS TAGLN Ha BYKUBAHICTh KIIITHH SIK YMOBHO-
HOPMAaJIbHHX, TaK 1 IMyXJIMHHUX KIITHHHUX JiHiA. [e
MATBEPDKYE MTOTEHIIWHI MyXJIMHO-CYTIPECOpHi (YHKIIT
TAGLN mtipsMOI0 JIi€r0 Ha MyXJIMHHI KTiTHHA. [1iBUITICHHS
ekcripecii CASP3 y PNT2 Tta BiacyTHICTh IIbOTO e(eKTy
y PC3 mpu tpancaykuii ZAGLN cBiqauThH TIPO Pi3HI Me-
XaHI3MH BIUTMBY I'eHa Ha 3aruOensb kiuituH. Lli paktu no-
TpeOyIOTh MOJATBIIHX JTOCIiKCHb.

Kiaw4oBi cJ0Ba: reHu cynpecopu pocTy IMyXJIHH,
TAGLN, xniTUHHI JiHIi, pekoMOiHaHTHI OaKyIOBipycH,
BiTHOCHA E€KCIIPeCisi TeHIB
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