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EXPRESSION PATTERN OF MRPS18 FAMILY GENES IN GLIOMAS
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Aim: To assess expression patterns of MRPS18 family genes in glioblastoma tissues and glioma cell lines. Materials and Methods:
Expression of MRPS18 family genes was analyzed by quantitative polymerase chain reaction in glioma cell lines and glioblastoma
specimens. A bioinformatic analysis of the publicly available data on the expression of these genes was also provided. Results: The
genes of MRPS18 family show different expression patterns in glioblastomas and glioma cell lines. The highest levels of expression
were found for MRPS18-2 at mRNA and protein levels in both glioblastomas and glioma cell lines; the lowest — for MRPS18§-
1 at mRINA level. Conclusions: The elevated levels of relative expression of the MRPS18-2 gene are characteristic for glioma tumor
tissues and cell lines.
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A family of the mitochondrial ribosomal proteins
S18 (MRPS18) consists of the three members — the
MRPS18-1 (S18-1, MRPS18-C), MRPS18-2 (S18-2,
MRPS18-B), and MRPS18-3 (S18-3, MRPS18-A). All
three proteins show high homology to one bacterial
protein-ancestor. Only one MRPS18 gene is found
in the bacterial genome, while three S18 genes are
encoded by the human genome [1]. Earlier, we have
shown that the S18-2 protein is expressed at high lev-
elsin several tumor tissues, compared to their normal
counterpart, such as endometrial [2], breast [3], pros-
tate [4] cancers, hepatocellular carcinomas [5] and
in Hodgkin’s lymphomas [6]. Moreover, S18-3 is also
overexpressed in breast cancer [7] and in Hodg-
kin’s lymphomas [6].

Yet several works are published that describe ex-
perimental data on expression of the S18 family genes.
Taking into consideration the importance of S18-
2 protein and, perhaps, other member of S18/2 family
in carcinogenesis it is logical to study an expression
pattern of these genes in other types of tumors. In the
present work, we assessed an expression pattern
of $S18 genes in sera and cancer tissues of glioblas-
toma patients, and in glioma cell lines as well.

MATERIALS AND METHODS

Patients. The use of glioma tumor tissue and
patient sera was approved by the Ethical Committee
of A.P. Romodanov Neurosurgery Institute of the Na-
tional Academy of Medical Sciences of Ukraine and
by the Institutional Review Board and Research Ethics
Committee of R.E. Kavetsky Institute of Experimental
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Abbreviation used: MRPS18 — mitochondrial ribosomal proteins (S18).

Pathology, Oncology and Radiobiology of the National
Academy of Sciences of Ukraine, according to the
Declaration of Helsinki. All experimental work was
performed according to the approved protocols. The
diagnostics was performed at A.P. Romodanov Neu-
rosurgery Institute of the National Academy of Medical
Sciences of Ukraine. In this study, samples (tissue and
serum) of 9 patients with glioblastoma were evaluated
(see Table 1 and Fig. 1). The median age of patients
was 61.4 5.2, with a male: female ratio of 1.25. Serum
of 4 healthy donors was used as the control.

Table. Characteristics of glioblastoma patients

N Sex Age Location Description

1 M 48 Cerebellum Signs of increased permeability of the
blood—brain barrier

2 M 62 Ventricle

3 M 57  Sin pariet

4 M 61 Dextemp Highly invasive

5 M 70 Dextemp  Highly invasive

6 F 75 Dexfront  Signs of angioproliferation

7 F 62 Dexfront  Highly invasive

8 F 60 Dextemp  Signs of angioproliferation

9 F 58 Dextemp

Cell lines. The following glioma cell lines were
used: A172, U87, produced from glioblastoma; U251,
produced from astrocytoma and U343, sub-clone
of U251, selected in vitro; NCH89 and NCH92, low
passage glioblastoma culture; TE671, rhabdomyo-
sarcoma. All cell lines were obtained from the Bank
of Cell Lines from Human and Animal Tissues of the
Institute of Experimental Pathology, Oncology and
Radiobiology (Ukraine). Cells were grown in IMDM
medium containing 10% FBS, 2 mM L-glutamine,
and appropriate antibiotics. Cell lines used in this
study were screened for mycoplasma infection and
confirmed to be negative.

RNA isolation, cDNA synthesis and quantita-
tive polymerase chain reaction (q-PCR). The total
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Fig. 1. Selected images of glioblastoma tissue staining with hematoxylin and eosin for a histological analysis: a — highly invasive

glioblastoma, x 800; b, ¢ — highly invasive glioblastomas, % 400;

d — glioblastoma with signs of angio-proliferation, X 450x; e —

glioblastoma with signs of angio-proliferation, x 250; f — glioblastoma with signs of increased permeability of the blood—brain barrier

RNA was isolated from serum, using the RNeasy Mini
Kit (Qiagen Inc., Germany), according to the manu-
facturer’sinstructions. The fresh tissue samples were
frozen in the liquid nitrogen immediately after exci-
sion and kept at —80 °C prior to use. To isolate RNA
using TRIzol (Thermo Fisher Scientific Inc., USA),
tissues were mashed in a marble mortal after freezing
in liquid nitrogen. The cDNAs were synthesized, using
2 ug of total RNA, M-MLV Reverse Transcriptase and
RNAse inhibitor (Invitrogen, USA), according to the
manufacturer’s protocol. Quantitative PCR (g-PCR)
was performed, using 2 ug cDNA and the HOT FIREPol
EvaGreen gPCR Mix (Solis BioDyne, Estonia), on the
PCR System 7500 (Applied Biosystems, USA). Prim-
ers were the following: for MRPS18-1 (NM_016067)
forward — 5 -CAGGTATCCAGCAATGAGGACC-3, re-
verse 5-GCA TCCAGTAAATGGA GA AACAAAC-3’; for
MRPS18-2 (NM_014046) — forward 5 -CACAGCGG
ACTCGGAAGACATG-3', reverse 5 -GCGCAGACAAATT-
GCTCCAAGAG-3’; for MRPS18-3 (NM_018135) — for-
ward 5-CATCTGCCGTTGGAACCTTGAAG-3, reverse
5-CTTGCGGTGTT CTTCCTGG CAT-3". As an internal
control for standardization, a gene encoding TATA-
binding protein (TBP, NM_003194) was used: forward
primer — 5-TTTCTTGCCA GTCTGGAC-3', reverse
5-CACGAACC ACGGCACTGATT-3". Relative quan-
tification (comparative Ct (AACt) method) was used
to compare expression levels of the S18 family genes
with the internal control. Two or three reactions (each
in triplicate) were run for each gene, so the standard
deviation might be calculated.

Bioinformatic data analysis. To analyze expres-
sion of genes at the mRNA level, a publicly available
data bases Oncomine and Protein Atlas were used. The
Oncomine data base contains published data that have
been collected, standardized, annotated, and ana-
lyzed by Compendia Bioscience (www.oncomine.com,

March 2021, Thermo Fisher Scientific, Ann-Arbor,
MI, USA). Human Protein Atlas is available from
www.proteinatlas.org [8-10].

Statistical analysis. GraphPad Prism software
(version 8, GraphPad Software, USA) was used to de-
termine the means of the MRPS 18 gene expression.
The Kruskal — Wallis test for non-parametric criteria
for the groups was performed for each gene.

RESULTS AND DISCUSSION

In the present study, we compared expression
of the S18 family genes in glioblastoma tissue samples
and in sera of glioblastoma patients. Although we had
no possibility to compare mRNA expression in normal
brain tissue, expression of these genes was assessed
in sera of four healthy donors, and the values were
below an experimental detection. This is in line with
our earlier data: we observed that the S18-2 protein
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Fig. 2. An expression pattern of the S18 family genes at mMRNA
levels: a — expression of S18 genes in tissue samples; b — ex-
pression of S18 genes in blood sera. Figure was prepared with
the help of GrapPrism software; the Kruskal — Wallis test for
non-parametric values in groups was applied for each gene.
No significant difference in expression levels was found
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is expressed ubiquitously, but at very low levels in nor-
mal cells [4, 5].

We found that S18-2 gene was expressed at high
levels in glioblastoma tissue samples (Fig. 2, a),
while S718-1 showed the lowest level of expression.
In sera, the highest expression levels were detected
for S18-3, and the lowest — also for S18-1 (Fig. 2,
b). Noteworthy, the expression levels were 10-fold
lower compared to those in tissues. The decreased
MRNA in human sera in comparison with tumor tis-
sues could be explained by the low quantity of ex-
tracellular RNA in serum, which represents a mixture
of various RNAs, protected from degradation by lipid
or proteins, or being incorporated in exosomes (re-
viewed in [11]).

To corroborate our experimental data, a bioinfor-
matic analysis on the expression of S18 family genes
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was performed, using the data deposited to a portal
Oncomine (Fig. 3). The highest expression was found
for S18-2 and S18-3 genes, while S18-1 was almost
undetectable. Importantly, the data, calculated for
S18-2 (Fig. 3, ¢) by the authors of [12], were in con-
cordance with statistics described in [13] (Fig. 3, d).
The bioinformatic analysis of expression of S18 fam-
ily genes at mRNA and protein levels on a platform
Protein Atlas revealed that S18-2 and S18-3 are highly
expressed in gliomas, according to the data of RNA
sequencing (RNA seq). Thus, S18-2 median expres-
sion value is over 35 FPKM (Fragments Per Kilobase
of transcript, per Million mapped reads), S18-3 — ap-
proximately 20 FPKM, while for S18-1 this value was
only about 3 FKPM (Fig. 4, a). A Protein Atlas team
produced few antibodies for S18 family proteins
and stained several gliomas. Only 2 out of 8 gliomas
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Fig. 3. Expression pattern of S18 family genes in normal and cancer tissue of brain: a — expression of S18-1, according to [12]; b —
S18-3 expression, as reported by [12]; ¢ — S18-2 expression, according to [12] and d — as reported by [13]. Number of samples
is depicted in each column. Results of a study, using the Human Genome U133 Plus 2.0 array, altogether 19 574 measured genes
and 180 samples, are described in [12]. The work on the 495-Av2 array that included 42 samples and measured 8603 genes were

reported by [13]
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Fig. 4. Expression levels of the S18 family genes in gliomas
on a platform Protein Atlas: a — expression of S18 family genes
at mRNA levels, according to the data of RNA seq. FPKM —
Fragments Per Kilobase of transcript, per Million mapped reads;
b — expression of S18 family proteins, stained with antibodies,
produced by the Protein Atlas team. S18-1 was assessed with
the HPA050404 antibody; S18-2 protein with the HPA043485 and
the HPA050334 antibodies; S18-3 — with the HPA035451 and
the HPA035450 antibodies

studied (25%) showed the S18-1 signal with the
HPA050404 antibody (Fig. 4, b, the left panel). No S18-
3 signal was detected with the use of the HPA035451,
nor with the HPA035450 antibodies in 11 gliomas
(Fig. 4, b, the right panel). The highest expression
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was demonstrated for S18-2 protein — all 11 gliomas
were stained positively with the HPA043485 antibody,
while only 4 out of 11 (36%) were positive for the
HPA050334 antibody.

Next, we assessed expression of the S18 family
genes in glioma cell lines. As was mentioned in Ma-
terials and Methods, cell lines A172 and U87 were
obtained from glioblastoma samples; NCH89 and
NCH92 are the low passage primary cells from glio-
blastoma [14]; U251 was produced from astrocytoma,
and U343 is a sub-line of U251, selected in vitro [15].
It was revealed that TE671 represents rhabdomyosar-
coma (www.dsmz.de/collection/catalogue/details/
culture/ACC-263). The high relative expression was
detected for S18-2, and its level was the highest
in glioblastoma cells A172, U87 and in one of primary
cellline — NCH92 (Fig. 5). Relative expression of S18-
1 was quite low in all lines, except U87. Interestingly,
in one of primary cell lines, NCH89, S18-1 showed
the highest expression level compared with other
two members of S18 family (Fig. 5). Noteworthy,
in U343 subline selected for the fast growth in vitro,
all genes were upregulated compared to primary as-
trocytoma line U251 (Fig. 5).

CONCLUSIONS

We have found that genes of the MRPS18 fam-
ily (1-3) show different expression patterns in both
glioblastomas and glioma cell lines. The S18-2 gene
demonstrated the highest expression levels in tumor
tissues and glioma cell lines compared to other mem-
bers of the family. Once again, we demonstrated vari-
ous properties of the S18-2 family genes. The further
studies on a larger patient cohort of glioma patients
would strengthen our experimental data. Itisimportant
to continue studying the expression pattern of the
S18 family genesin glioma tissues and in patient sera,
due to low number of published studies. Based on dif-
ferential expression of the S18-2 and S18-3 genes
in normal and cancer cells they might be considered
in the future as the putative tumor markers.
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Fig. 5. Expression levels of the S18 family genes in glioma cell lines on the mRNA levels assessed by gPCR: a — relative expression

sorted by cell lines; b — relative expression sorted by genes
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EKCNPECIA FrEHIB POOUHU
MRPS18 B INNMIOMAX

JI. Kosaaescvka', T.A. Maauwesa?, C. Kaaman', A.B. Pozymenxo’,
JI. Bepboea?, B.JI. Pozymenko’, E. Kawmyba®’> "

'Incmumym excnepumenmanvroi namonoeii, onkoaoeii i padiotionoeii
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Mera: Bwn3HaunTn xapakTep ekcnpecii reHis  poau-
HM MRPS18B TKaHuWHi rniobnactoMm Ta B KAITUHHUX NiHIAX
rniom. Marepiann ta metoamn: EKCNpecilo reHis poavHu
MRPS18 BusHavanu kinbkicHum MJ1P. Kpim TOro, nmposoau-
N GioiHbOPMaTUYHUIA aHani3 ekcnpecii UMX reHis 3a gaHuMm
BIOKPUTOro [OCTyny. Pe3ynbTaTtun: Xapaktep eKCrnpecii reHis
poanHn MRPS18 B TkaHWHi rnio6nactoM Ta B KAITUHHUX JliHi-
AX FNioM pisHUTBLCA. HarBuwi piBHi ekcnipecii Ha piBHi MPHK Ta
6inka 6yno Bu3HadeHo ona MRPS18-2, HalHWx4i — Ha piBHi
mPHK ans MRPS18-1. BucHoBku: TkaHMHa rnioM Ta KNiTUHHI
NiHii rnioMm xapakTepu3yTbCA NiABULLLEHUMIN PIBHAMW eKcnpe-
cii rena MRPS18-2.

Kmoyosi cnosa: poguHa MRPS18, MRPS18-1, MRPS18-2,
MRPS18-3, rniobnactoma, KiTUHHI MiHii rniom, ekcnpecis,
GioiHdopmaTUYHMIA aHani3.



