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ESTABLISHMENT OF U-251 MG CELL SUBLINES
WITH ECTOPIC OVEREXPRESSION OF CHI3L1 mRNA

VARIANTS AS A MODEL SYSTEM OF THE ISOFORMS
TRIALS IN GLIOMAGENESIS

Advanced technique of long-read RNA sequencing (RNA-seq) enables the characterization of gene expression pat-
terns at isoform-level resolution. Spatial transcriptomics methods combined with long-read RNA-seq revealed diffe-
rential enrichment of two (long and short) mRNA isoforms of glioma-associated CHI3L1 in the hypoxic vs invasive
niches of glioblastomas. Aim. Obtaining glioma derived U-251 MG cell sublines producing the full-length and the
short variants of CHI3L1 with subsequent characterization. Methods. Cell lentiviral transduction, Western blot and
RT-qPCR analysis. Results. We successfully generated the U-251 MG cell sublines producing the full-length and the
short variants of CHI3L1; our results support the suppression of CHI3L1-del8ex secretion and demonstrate differen-
tial targeting of microenvironment (LOX and GUSB) and EMT program (TGFB1) modulators by CHI3L1 isoforms.
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Conclusion. Here we present the cell model for CHI3L1 isoforms trials in gliomagenesis regarding experiments on

co-cultivation and/with 3D culturing.

Keywords: CHI3L1, glioblastoma, transcriptional isoforms, splicing, differentially expressing genes (DEG), epitheli-

al-mesenchymal transition (EMT).

Introduction

The CHI3LIgene encodes the Chitinase-3-like
protein 1 — a secretory mammalian chitinase-like
protein (CLPs) legibly affecting cell proliferation,
differentiation, epithelial-to-mesenchymal transi-
tion (EMT), apoptosis, inflammation, angiogene-
sis and extracellular tissue remodeling. CHI3L1 is
considered a promising marker associated with
multiple inflammatory and pathological process-
es with poor prognostic potential [1]. Both pro-
tein and mRNA upregulation of CHI3L1 in serum
or tumor tissues are frequently linked to a wide
variety of cancer types including ovarian, prostate
and renal carcinomas, myeloid leukemia, small
cell lung cancer, and malignant brain gliomas.
Also, numerous clinical studies have shown co-
herence of pathological gene functioning and
such chronic diseases as liver inflammation and
fibrosis, neuroinflammation, osteo- and rheuma-
toid arthritis [2]. Under physiological conditions,
CHI3L1 is produced by macrophages, neutro-
phils, synoviocytes, chondrocytes, fibroblast-like
cells, and smooth muscle cells [3]. Recklies and
team showed that CHI3L1 stimulates the growth
of primary human connective tissue cells syner-
gistically with IGF1 activating ERK1/2- and AKT-
related signaling cascades [4]. In CHI3L1-induced
signaling interaction of cell adhesion molecule
CD44 and Galectin-3 (LGALS3), as well as the co-
operation of Interleukin-13 receptor subunit al-
pha-2 (IL-13Ra2) with transmembrane protein
219 (TMEM219), and integrin avp3 with synde-
can-1 (SDC1) represents complex receptor plat-
forms for this glycoprotein [2].

In transcriptomics research the designation of
differentially expressed genes in various biological
conditions is the basis for further functional analy-
sis. The combined use of short- and long-read RNA
sequencing (RNA-seq) enables the characteriza-
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tion of gene expression patterns at isoform-level
resolution [5], shifting the paradigm from “gene
expression” to “isoform expression”. At least two
spliced and protein coding isoforms of CHI3L1I are
known up to now — the 10-exons containing full-
length variant (CHI3LI-FL) and the short variant
with spliced 8th one (CHI3L1-del8ex) [6]. Shi et al.
showed that CHI3L1-overexpressed glioma U-251
MG cells characterized by enhancing proliferation,
however production of CHI3L1-del8ex inhibited
growth promoting cell sensitivity to AKT inhibitor
MK?2206 [7]. Using advanced methods of spatial
transcriptomics and long-read sequencing, further
research concluded that both long and short mRNA
isoforms of CHI3L1 are differentially enriched in
the hypoxic vs the invasive niches [8]. Early it was
found out that various glioma cell lines (U-251
MG, U87 MG, and T98G) may not only differ by
the level of CHI3L1 expression, but also by the ratio
of its isoforms content [9]. Recently, Jung et al. dis-
covered that such factors as macrophage differen-
tiation and cell density affect CHI3L1 splicing pat-
tern. Moreover, they showed that exclusion of the
8th exon altered the folding of signal peptide in
protein globule preventing extracellular secretion
vs full-length glycoprotein [10]. Collectively, these
results confirm the importance of CHI3L1 splicing
as one of the potential mechanisms controlling
gene/protein functioning regarding involvement in
pathology. Highlighting the need to further study
the CHI3L1 gene expression at the isoform level,
here we report the results of characterization of
U-251 MG cell sublines after ectopic protein pro-
duction of two CHI3L1 types.

Materials and Methods
Cell culture and conditions

Obtained from the cell bank of the Nucleic Acid
Biosynthesis Laboratory (IMBG NASU), human
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glioblastoma cells U-251 MG, as well as 293T cells
were cultured in high glucose DMEM or Neuroba-
sal™ Medium (Gibco, Thermo Fisher Scientific,
USA) supplemented with 10% FBS, and 1% antibi-
otic-antimycotic solution (100 U/mL penicillin,
100 pg/mL streptomycin) in a humidified atmos-
phere containing 5% CO, at 37 °C.

CHI3L1 isoforms cloning
into lentiviral vector and U-251
MG cells transduction

Lentiviral transfer vector pPCDH-CMV-MCS-EF1-
copGFP (System Biosciences, Mountain View, CA,
USA) and psPAX2, pMD2.G packaging plasmids
were kindly provided by Dr. D. Trono (Ecole Poly-
technique Federale de Lausanne, Lausanne, Swit-
zerland) [11]. Sequences of full-length CHI3LI
(1185 bp)and CHI3L1-del8ex (1002 bp) were taken
from PCR with specific primers and cDNA, ob-
tained after reverse transcription of U-87 MG cells
mRNA, which express both isoforms endogenous-
ly, and cloned into the transfer vector using Xbal
and BamHI endonuclease restriction sites. The
lentiviral transduction protocol was the same as in
our previous study [12].

Western blot analysis

For the investigation of recombinant proteins pro-
duction, parental U-251 MG cells and infected de-
rivatives were seeded into T25 flasks and allowed
to grow to near-confluence state under standard
culturing. Then, total cell lysates (between 30 and
50 pg of total protein) were mixed with 4 x Laem-
mli sample buffer, boiled, proteins resolved by 10%
SDS-PAGE, and transferred into a nitrocellulose
membrane. Next, membranes were blocked for
1 hr at room temperature with 5% powdered skim
milk in TBS with 0.05% Triton X-100 (TBST), re-
acted with mouse Anti-Chitinase-3-like protein 1
(YKL-40) Antibody, clone mAY (Sigma-Aldrich,
MABCI196) or Mouse monoclonal Anti-p-Actin
(ACTB) Antibody (Sigma-Aldrich, A1978-100UL)
at 4 °C overnight, and incubated with Anti-Mouse
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IgG (H+L), HRP Conjugate (Promega, W4021)
secondary antibody for 1 hr at room temperature
with shaking. Blots were developed with an ECL
detection system. Chemiluminescence was ob-
served using a Biorad ChemiDoc XRS+ Imaging
System and a Biorad Image Lab Software v.6.0.1.

Quantitative reverse transcription
polymerase chain reaction (RT-qPCR)

Total RNA was extracted from cells using a Nucle-
oSpin RNA isolation kit (Macherey-Nagel, Germa-
ny, 740955). RNA purity and concentration were
measured by the NanoDrop 2000 spectrophoto-
meter (Thermo Fisher Scientific). For RT-qPCR,
1.5—2 ug of total RNA was converted into comp-
lementary ¢cDNA with Oligo(dT)18 Primer and
Maxima H Minus Reverse Transcriptase (Thermo
Fisher Scientific, SO132 and EP0751, correspond-
ingly). Fivefold diluted cDNA and gene specific
primers were mixed with HOT FIREPol® Eva-
Green® qPCR Mix Plus (no ROX) 5x mix (Solis
BioDyne, Estonia) following the manufacturer’s
recommendations with annealing at 60 °C for
20 sec, and RT-qPCR was performed using CFX96
RT-PCR Detection System (Bio-Rad, USA) with
Bio-Rad CFX Manager 3.1. software. Gene expres-
sion was normalized to RPLP0 and GAPDH (geo-
metric mean) and quantified using the 24T me-
thod. The primer pairs used in analysis are indi-
cated in Table.

Statistical analysis

A two-sided unpaired t-test and ANOVA with
Tukey’s post-hoc test were used to calculate the
significance values (GraphPad Prism 8.0.1 soft-
ware, USA). Data showing p-values of *P < 0.05,
**P < 0.01, and ***P < 0.001 were considered sig-
nificant.

Results and discussion

A lentiviral vector with fluorescent reporter
(copGFP) was used to obtain glioblastoma U-251
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Primers

Ne

Genes

Primers’ names

The primers sequences 3’ > 5’

Product

size (bp)
1 |[NM_001276.4 Chitinase 3 like 1 CHI3LI-F GGACCCTTGCCTACTATGAGAT 146
(CHI3L1) CHI3L1-R GTACTGCACCTTGCTTTTGAC
2 | XM_047442847.1 PREDICTED: Chitinase | CHI3L1-d8f6 | GTCCTGACAGATTCAACAACACAATC 149
3 like 1 (CHI3L1) / (CHI3L1-d8ex) CHI3L1-R GTACTGCACCTTGCTTTTGAC
3 |NM_004000.3 Chitinase 3 like 2 CHI3L2-F TCAAAACCAAGAATCCCAAAC 214
(CHI3L2) CHI3L2-R ATCAGCACAGTGAAATGAGT
4 |NM_0331314 WNT3a_FW |GTGTTCCACTGGTGCTGCTA 156
Wnt family member 3A (WN3A) WNT3a_RV |TTTAGGTGGGAGTCCTGCTC
5 |NM_001128128.3Zinc finger E-box ZEB1_for GATTCTACACCGCCCAAAAA 245
binding homeobox 1 (ZEB1) ZEB1_rev AAGCGCTTTCCACATTTGTC
6 |NM_001244438.2 ARGI1-Fw CCATCTTTCACACCAGCTACTG 178
Arginase 1 (ARG1) ARGI-Rv CTGCTGTGTTCACTGTTCGAG
7 |NM_003255.5 TIMP metallopeptidase TIMP2-Fw | AAGCGGTCAGTGAGAAGGAAG 136
inhibitor 2 (TIMP2) TIMP2-Rv GGGGCCGTGTAGATAAACTCTAT
8 |NM_001040058.2 Secreted SPP1-Fw GAAGTTTCGCAGACCTGACAT 91
phosphoprotein 1 (SPP1) SPP1-Rv GTATGCACCATTCAACTCCTCG
9 |NM_000660.7 Transforming growth TGFB1-Fw | CTAATGGTGGAAACCCACAACG 209
factor beta 1 (TGFB1) TGFBI-Rv TATCGCCAGGAATTGTTGCTG
10 |NM_002317.7 Lysyl oxidase (LOX) LOX- Flrt CACAGGACATCATGCGTATGC 102
LOX- R1rt CCACTTCAGAACACCAGGCAC
11 |NM_005576.4 Lysyl oxidase like 1 LOXLI1-Firt |GCTATGACACCTACAATGCGGA 162
(LOXL1) LOXLI1-RIrt |GACCTGTGTAGTGAATGTTGCATCT
12 |NM_002318.3 Lysyl oxidase like 2 LOXL2-Fw |AGGACATTCGGATTCGAGCC 215
(LOXL2) LOXL2-Rv CTTCCTCCGTGAGGCAAAC
13 |NM_004530.6 Matrix metallopeptidase 2 | MMP2-Fw | CCAGAATACCATCGAGACCATG 265
(MMP2) MMP2-Rv ATGATCCCAGCGGCCAAAGTT
14 |NM_001530.4 Hypoxia inducible factor 1 | Hifla CCACTGCCACCACTGATGAA 156
subunit alpha (HIF1A), Hifla GTGAGGCTGTCCGACTTTGA
15 |NM_005985.4 Snail family SNAIL1-rtF2 | TGCCCTCAAGATGCACATCCGA-3 133
transcriptional repressor 1 (SNAI1) SNAILI-rtR2 | GGGACAGGAGAAGGGCTTCTC
16 |NM_003106.4 SRY-box transcription SOX2-Firt  |GGGGAAAGTAGTTTGCTGCC 131
factor 2 (SOX2) SOX2-R1rt CGCCGCCGATGATTGTTATT
17 |NM_006617.2 Nestin (NES) NESTIN-F1rt | CAAGACTTCCCTCAGCTTTCAG 142
NESTIN-R1rt | AGGTGTCTCAAGGGTAGCAG
18 |NM_002701.6 POU class 5 homeobox 1 |OCT3-4-F1 |CGAACCAGTATCGAGAACCG 136
(POUS5F1)(OCT3/4) OCT3-4-R1 |AGAGAGACATGGCACTCACATC
19 |[NM_000610.4 CD44-Fl1rt CCATCTGTGCAGCAAACAACA 95
CD44 molecule (IN blood group) (CD44), | CD44-R1rt TTCAGGTGGAGCTGAAGCATT
20 |[NM_000181.4 Glucuronidase beta GUSB-FIrt |GAAAATACGTGGTTGGAGAGCTCATT | 101
(GUSB) GUSB-RIrt |CCGAGTGAAGATCCCCTTTTTA
21 |NM_001002.4 Ribosomal protein lateral | RPLPO-for GCAATGTTGCCAGTGTCTGT 142
stalk subunit PO (RPLPO) RPLPO-rev |GCCTTGACCTTTTCAGCAAG
22 |NM_002046.7 Glyceraldehyde-3- GAPDH-F GTCTCCTCTGACTTCAACAGC 131
phosphate dehydrogenase (GAPDH) GAPDH-R | ACCACCCTGTTGCTGTAGCCAA
278 ISSN 1993-6842 (on-line); ISSN 0233-7657 (print). Biopolymers and Cell. 2025. Vol. 41, No. 4
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Fig. 1. Overexpression of full-length (-FL) and spliced variant (-del8ex) of CHI3L1 in glioma-derived U-251 MG cells.
a — Western blotting of total lysates and conditioned media of U-251 MG cells stably expressing two variants of CHI3L1;
b — Fluorescence microscopy of reporter copGFP expression in U-251 MG cells stably producing two variants of

CHI3LI after lentiviral transduction. Scale bar: 200 pm

MG sublines with ectopic overexpression of two
CHI3L1 variants. This approach will favor the up-
coming isoforms trials in experiments on 3D cul-
turing and co-cultivation. U-251 MG glioma cells
express CHI3LI RNAs at extremely low levels and
do not produce Chitinase-3-like protein 1. The in-
fection of cells by CHI3L1-FL and CHI3L1-del8ex
cDNA-containing viral particles resulted in hete-
rogeneous and stably transformed cell sublines re-
garding each transgene. For clarifying the gene-
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specific effects, the U-251 MG cells transduced by
an empty vector were also obtained as a control
cell group (Vehicle) (Fig. 1).

To test the preservation of the native state of
CHI3LI variants we cultured infected cells in two
types of media: DMEM and Neurobasal™ Medium,
since co-cultivation with cells of neuronal and glial
origin is intended. Detection of CHI3L1-FL pro-
tein with molecular weight about 42 kDA using
specific antibodies in cell lysate and conditioned

279



PO. Areshkov, O.V. Anopriienko, A.R. Shloma et al.

CD44 NES SOX2 OCT3/4
3 2.5 3
20F ‘
2 1.5} ‘ 2r
: ; m : Sl 05k g ﬁ $%
S b ol A ogoll . ol 112
TGFb1 HIFla ZEBI1 SNATI
1.6 . . 2.5
%%
L4l ] S 20r
512 Bl e ol
= L0V e %l w - 2 il ﬁ 2] o5t
£l CHI3L1-FL CHI3L1-del8ex CHI3L2
2 %
5 10000 - L —% | 15
< 1000t el L
100 b i 1.0 i
01 I 0
L L Oyt 0.5 mf
01 L _FDI g L[
0.01 r?] Al 00
LOXL2 MMP2 ARG1
2.0 1.5 1.5
- L5¢ o 1.0 i 1.0k
@ ~|- BS IR icee L] e i
B st l ol ol
' 0.0 LL= i | R f R 0.0 L=

[ U251MG ] Vehicle

[] CHI3L1-del8ex

[ CHIZL1-FL

Fig. 2. Relative mRNA expression level of indicated genes assessed by qPCR in U-251 MG cells stably expressing two
variants of CHI3L1. Results were calculated using the 22 method and the bar graph shows the mean (+SD) of three
individual experiments. Statistical analysis was performed using one-way ANOVA with Tukey’s multiple comparisons
test (black asterisks) and two-tailed unpaired t-test (blue asterisks)

media of both types indicated the functional state
of the interested secretory CLP. Remarkably, ana-
lysis of “short” CHI3L1 expression pattern regar-
ding intercellular vs extracellular secretion re-
vealed its presence dominantly within the cells,
though small amounts of CHI3L1-del8ex also was
detected in DMEM but not in Neurobasal™ Medi-
um (Fig. 1a). Fluorescence microscopy of the re-
porter-producing cells after transduction showed
high efficiency of transgenesis, supporting Wes-
tern blot results (Fig. 1b). In total, we displayed
successful establishment of U-251 MG cell sub-
lines producing the full-length and the short vari-

280

ants of CHI3L1. Our results support the role of
CHI3LI mRNA splicing in suppression of CHI3L1-
del8ex secretion, however after all revealed its sec-
retory potential.

To identify the pathways targeted by each
CHI3LI isoform we performed the mRNA profi-
ling of a set of genes associated with gliomagene-
sis and preferably with EMT, stemness program
and extracellular tissue remodeling by RT-qPCR
analysis. The analyzed genes were grouped into
three groups: 1) Genes belonging to the program
of stemness (CD44, NES, SOX2, OCT3/4, SPPI)
2) genes of the EMT program (TGFBI, HIFIA,
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ZEBI, SNAILI, WNT3A, CHI3L1, CHI3L2), 3) ge-
nes of the stroma or microenvironment mo-
dulation (LOX, LOXLI, LOXL2, MMP2, TIMP2,
ARG1, GUSB).

Ji-Ying Yu and Di Lu, with their teams, showed
that in colorectal cancer, CHI3L1, interacting with
TGFpP1 and TGFR, enhances tumor growth and
migration, and also promotes the development of
hepatocellular carcinoma by disrupting the me-
tabolism of lipid peroxidation enzymes.[2, 13].
Our results demonstrate that these findings can be
extrapolated on glioma biology since we showed
the impact of CHI3LI regarding noted targets:
overexpression of CHI3L1-FL was associated with
statistically significant downregulation of Lysyl
Oxidase gene (LOX),whereas CHI3LI-del8ex up-
regulation was accompanied with elevated expres-
sion of TGFbl in U-251 MG glioma cells too
(Fig. 2.). Also we detect that the CHI3L1-FL over-
expressed cells display downregulation of GUSB, a
gene of Glucuronidase Beta, a hydrolase degrading
glycosaminoglycans (heparan sulfate and others).
That is interesting in the context of the ability of
CHI3L1 to interact with glycosaminoglycan hepa-
rin and different extracellular matrix components,
such as hyaluronic acid and heparan sulfate (HS),
and by binding to HS chain of syndecan-1 to in-
duce coordination between syndecan-1 and the
integrin avp3 [3]. The interaction between CHI3LI
pathological functioning, moreover in isoform
context, and GUSB expression in gliomagenesis
has not been reported before and must be studied
more precisely, as there are pseudogenes of this lo-
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Conclusion
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OTPMMAHHSA CYBIIHIN KJIITUH U-251 MG 3 EKTOIIIYHOIO

HAJIEKCITPECIEIO IBOX BAPIAHTIB mPHK CHI3L1 K MOJIEJIbHOT
CUCTEMM OOCIII>KEHHA I3SOOOPM V ITTIOMATEHESI

YnockoHaneHa TexHika cexBeHyBaHHA «long-read» PHK (RNA-seq) mosBosie XxapakTepusyBaTy IaTepHU eKCIpecil
TeHiB 3 PO3JIIbHOIO 3[jaTHICTIO Ha piBHi i30dopm. MeTonu mpocTopoBoi TPaHCKPUIITOMIKY B TO€RHaHHI 3 «long-read»
cexBenyBanHAM PHK BusBwm nudepennianpHe 36araueHHA ABOX (HoBroi ra koporkoi) iso¢popm MPHK rena CHI3L1,
acoLiJIOBaHOTO 3 ITTIOMOIO, B IIIOKCMYHMX Ta iHBa3MBHUX Hilrax riio6mactoM. Mema. OTpuMaHHA CyOIiHil KTiTUH
rmiomHoro noxomxkenHsa U-251 MG, mo npofyKyoTh TOBHOPO3MipHuIt Ta KopoTkuii Bapiantu CHI3L1, 3 moganpuiomn
XapakTepucTukow. Memoou. JlentusipycHa Tpancaykuis knitun U-251 MG, BectepH-6710T Ta RT-qPCR ananis. Pe-
synvmamu. Mu ycninzo crBopunu cy6ominii kmitun U-251 MG, 110 NIpoAyKYIOTh IOBHOPO3MIpHUIT Ta KOPOTKUII Ba-
pianTyt CHI3L1; Hawi pe3ynbraTy MifTBepAKy0Th npurHivenH cexpenii CHI3L1-del8ex Ta neMoHCcTpyIOTh udepeH-
LjiaJIbHe TapreTyBaHHA MORYIATOpiB MikpoorodeHHa (LOX Ta GUSB) Ta mporpamu EMT (TGFB1) izopopmamu
CHI3L1. Bucnosxu. IIpencTaBieHo KIITMHHY MOie/Ib IJTIOMU I JOCIipKeH A pori isodopm CHI3L1 B excriepumen-
Tax i3 COKY/IBTUBYBaHHA Ta/a60 3D-KynbTUByBaHHA.

Kniouosi cnosa: CHI3LI, rmiobnactoma, transcriptional isoforms, splicing, differentially expressing genes (DEG),
epithelial-mesenchymal transition (EMT).
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