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Abstract

Background: Gliomas are the most frequent and dangerous primary cerebral tumors. Therefore, there is a
need to develop molecular targets for the diagnosis and treatment for glioma.

Methods: In September 2020, we retrieved the expression matrix of glioblastoma (GBM) sufferers and perti-
nent clinical data from the TCGA (The Cancer Genome Atlas) database. Prognostic differences between vari-
ous families with sequence similarity 110 member C (FAM110C) expression groups were assessed by Kaplan-
Meier with log-rank test. The R platform get used to assess the accuracy of FAM110C delivery in predicting
the prognosis of PDAC using a time-dependent receptor operating characteristic (ROC) curve. The delivery
level of FAM110C was determined by gRT-PCR and western blot. Gene set enrichment investigated possible
mechanisms between different FAM110C expression groups in GBM (GSEA). The impact of FAM110C on
glioma cell movement was discovered using migration test. The drug's gene-targeting impact was validated by
the CCKS8 test.

Results: A total of 173 GBM samples were obtained from the TCGA database, with 148 including infor-
mation on IDH1 mutations and 151 containing information on overall survival. The mRNA expression level
of FAM110C was greater in wild-type GBM, according to qRT-PCR data. The connection between FAM110C
expression and Hallmark, GO, and KEGG pathway gene sets was investigated using GSEA software. We used
migration test to assess the impact of FAM110C on glioma motility in order to confirm the findings of the
GSEA analysis.

Conclusion: FAM110C might get used as a possible diagnostic and prognostic biomarker for wild-type GBM,
and its inhibition could be used to prevention and treatment wild-type GBM.
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Introduction

Gliomas are frequent and serious primary cere-
bral tumors (1). Despite breakthroughs in surgical
methods, radiotherapy, and chemotherapy, for
sufferers with gliomas remains dismal, particular-
ly those with glioblastoma multiforme (GBM),
the WHO grade IV of gliomas. The median sur-
vival time duration for GBM patients is 12-15
months (2). Reinventing itself, invasiveness, pro-
duction vessel, high death rate, and recurrence
are all biological hallmarks of glioma (3,4). Using
a combination based on gene expression and his-
tological categorization is more accurate in pre-
dicting treatment effect (5). The World Astrocy-
toma and glioblastoma may be categorized into
IDH-mutant and wild-type groups, according to
the WHO 2016 entities (6). Furthermore, 1p/19q
codeletion has emerged as a key marker for oli-
godendroglioma, which must be diagnosed using
both IDH-mutant and 1p/19qg-codeleted cells
(7). Because gliomas have unique molecular
properties, there is a need to develop molecular
targets for the diagnosis and treatment of glioma.
Cancer biomarkers can characterize the presence
or extent of cancer in the body (8). There was
few study described the identification of GBM
biomarkers and was verified and effectively used
in clinical practice (9). Furthermore, most bi-
omarkers have limitations in the early detection
of GBM, and their prognostic utility is hampered
by errors. The deficiencies of biomarkers are
more likely to be overcome using bioinformatics
analysis (10). Researchers may use bioinformatics
analysis to dive into combined data from several
clinical specimen s from various independent re-
search, providing a data base installation for find-
ing potential biomarkers and upgrading our
knowledge of malignancies (11-13).

In this study, we used bioinformatics methods to
analyze the GBM candidate biomarker and ex-
plored the role of this marker in the diagnosis
and prognosis of GBM. The relationship be-
tween this marker and GBM proliferation and
migration was investigated by biological experi-
ments. Then CMAP was used to screen targeted
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drugs for markers, and rescue experiments were
designed to analyze the effects of targeted drugs.

Methods

Data acquisition

Through the collecting of cancer-related omics
data, TCGA offers a huge, free reference library
for cancer study, which is publically accessible
through the TCGA Data Portal
(https:/cancergenome.nih.gov). In September
2020, we retrieved the deliverance matrix of
GBM sufferers as well as pertinent clinical data
from the TCGA database.

Survival analysis of FAM110C

The median expression value of FAM110C was
used to divide the different expression groups in
this investigation. The Kaplan-Meier with log-
rank examination was used to evaluate prognostic
differences between various FAM110C expres-
sion groups. The survival package in the R ter-
race get used to asscss the accuracy of FAM110C
expression in predicting the prognosis of PDAC
usage a time-dependent receptor operational
characteristic (ROC) curve.

Tumor cell lines

U87 and Ln229 belong to the human glioma cell
lines obtained from the American type culture
collection (ATCC). Glioma cells were cultured in
Dulbecco's modified medium containing 10%
fetal bovine serum (Corning, Corning, NY). The
medium was supplemented with penicillin at a
concentration of 100 U/mL and streptomycin at
100 g/mL. Keep the cells at 37 °C in a atmos-
phere of 5% CO2.

Establishment of stable cell lines and lentivirus
production

Ln229 and U87 are mutant or wild-type infecting
IDH1-R132H virus. IDH1-R132H lentivirus of
mutant and wild-type were obtained from Shang-
hai Gene Chemical (Shanghai, China).The virus-

2118



Iran J Public Health, Vol. 52, No.10, Oct 2023, pp.2117-2127

containing culture medium was introduced to the
cells. We removed the supernatant after 48 hours
of infection and replaced it with new culture me-
dium. Puromycin should be used to filter cells.
GFP fluorescence and Western blot analysis were
used to demonstrate IDH1-R132H expression.

Cell culture and transfection

The medium was supplemented with fetal bovine
serum from Gibco Invitrogen at a concentration
of 10% or 20%. (Paisley, UK). In this investiga-
tion, we employed a small interfering RNA (siR-
NA) targeting FAM110C produced and synthe-
sized by Guangzhou Ruibo Biological Co., Ltd.
The siRNA sequence acquired in the trials is de-
tailed in Annex. As a negative control, non-
targeting siRNA (si-NC) was employed. Thermo
Fisher's Lipofectamine® 2000 transfection rea-
gent (Cat. #11668019) was used for siRNA trans-
fection according to practical guidelines. We
conducted in vitro experiments after 24 hours.
To overexpress FAM110C, the previously con-
structed plasmid pcDNA3.1- FAM110C was
used. Following transfection, all cells were treated
with G418 at a dose of 500 g/ml manufactured
by Santa Cruz Biotechnology (Cat.#sc-29,065)
for 4 weeks to obtain stable and consistent cell
lines. As a negative control data source, we used
an empty vector.

RNA extraction and gRT-PCR

Total RNA from cell lines was extracted using
TRIzol (Biyuntian, China) according to the man-
ufacturer's instructions. Transcription was pet-
formed using a reverse transcriptase kit (Biyun-
tian, China) using 1 pg of total RNA as template.
Then, the cDNA samples were amplified by
qRT-PCR with GAPDH as the reference sample.
Each sample was detected 3 times, and the rela-
tive expression level was determined by 2-AACT
technique.

Western blot

Thirty pg of protein was collected for SDS-
PAGE and then transferred to PVDF membrane
(Biyuntian, China). It was then blocked with 5%
nonfat milk and immunoblotted with primary
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antibody overnight. The membranes were then
incubated with anti-rabbit IgG antibody (Biyun-
tian; China). Determined by ECL (Milibo, USA).

Cell proliferation assay

The Cell Counting Kit-8 (CCK-8) test get used to
determine cell viability. Cells were extracted and
counted in a quick manner. In 96-well plates, we
implanted the appropriate amount of tumor cells.
Cells were treated with varying amounts of TMZ
or DMSO. After a specific time, we injected the
CCK-8 solution into the wells. In the microplate
reader, glioma cells were found at 450 nm of ab-
sorbance.

Migration assay

Migration experiments were performed using
transwell chamber (Corning Costar, USA) under
the instructions. Treated glioma cells were added
to the top compartment of DMEM and DMEM
with 30% FBS in the bottom compartment. Cells
were fixed with 4% paraformaldehyde and
stained with crystal violet (Biyuntian, China).
Olympus microscope observations.

GBM genome-wide dataset and FAM110C gene
set envichment analysts

Gene set enrichment analysis (GSEA) was per-
formed using the c2 and c¢5 molecular signature
database gene sets as a reference to further inves-

tigate the possible mechanisms between the
FAM110C expression groups in GBM.

Statistical analysis

SPSS 23.0 (IBM Cotp., Armonk, NY, USA) or
Prism 7 were used for statistical analysis (Inc.,
USA). The results were reported as the mean SD
of three separate studies. Student's t-test or
ANOVA were used to contrast two or three
groups, respectively. For FAM110C in GBM, the
Connectivity Map (CMap) was utilized to find
prospective small molecule targeted therapies (14,
15).
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Results

FAMI110C s highly expressed in wild-type

vated in wild-type GBM patients (P = 0.0053,
Fig. 1A), The greater the expression of
FAM110C, the worse the prognosis of patients

GBM and s correlative with poor prognosis
Expression data of 173 GBM samples were re-

trieved using the TCGA database, of .WhjCh 148 covered that FAM110C expression could correct-
samples had IDH1 mutation information (7 mu- ly predict wild-type GBM patients' survival at 1,

tant, 141 Wﬂd—type) and 151 samples had overall 3, and 5 years (ROC—1 year:().647; ROC-3
survival information. According to differential years:0.709; Roc-5 years:0.932, Fig. 1C).

expression analysis, FAM110C was strongly ele-

A . B

with wild-type GBM (P =0.03, HR=1.55 [95 pet-
cent CI 1.04,2.31], Fig. 1B). Furthermore, we dis-
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Fig. 1: FAM110C as a good biomarker for the diagnosis and prognosis of wild-type GBM patients in TCGA
dataset. (A). FAM110C was highly expressed in patients of wild-type GBM. (B). Survival analysis demonstrated that
the higher the expression of FAM110C, the worse the prognosis of patients. (C). ROC curves showed that expres-
sion of FAM110C could also accurately predict the survival rate of wild-type GBM patients

FAMI110C is a risk biomarker for GBM pro-
gression

GBM data on the CGGA website (http://www.
cgga.org.cn/analyse/RNA-data-expression-
distribution-result.jsp) revealed that FAM110C

expression increased with grade (P = 6.7E 05, Fig.
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2A) and was very significantly expressed in IDH1
wild type (P = 1.5E 19, Fig. 2B). According to
multivariate analysis (Fig. 2C), FAM110C was
also strongly expressed in the wild type in the
WHO ii, WHO iii, and WHO iv.
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Fig. 2: FAM110C as a risk biomarker for GBM progression. (A-B). Data of GBM in CGGA website showed the
expression level of FAM110C increased with the increase of grade and was also highly expressed in IDH1 wild type.

(C). multivariate analysis showed that FAM110C was highly expressed in wild type in WHO ii, WHO iii and WHO

iv
FAMI110C was highly expressed in wild-type IDH1-R132H expression (Fig. 3A). According to
GBM cell lines QRT-PCR data (Figure 3B), the mRNA expres-
Ln229 and US87 cell lines expressing IDHI- sion level of FAM110C was greater in wild-type
R132H were created to corroborate the findings GBMs. The expression of FAM110C was also
of bioinformation analysis. Western blot verified validated using a western blot (Fig. 3C).

2121 Available at:  http://ijph.tums.ac.ir



Ren et al.: Identification of Family with Sequence Similarity 110 Member ...

Ln229 87
A IDHIYT  IDHI®  [DHIVT  [DHIR
IDH1-R132H e cancnsmlt

B

Relative RNA level

1 L)
IDH1-WT IDH1-R132H

lDHlW'l‘ 1DH1R132H

-— - -

0.9

0.6+
FAMI110C

0.3+
GAPDH

0.0+

Fig. 3: FAM110C was highly expressed in wild-type GBM cell lines(A). IDH1-R132H expression was detected
by western blot. (B) RT-PCR results revealed that the mRNA expression level of FAM110C was higher in wild-type
GBM. (C). Western blot showed FAM110C expression was higher in wild-type GBM. ***P < 0.001

FAM110C promoted glioma cell migration and
invasion

FAM110C was knocked down in L.n229 and U87
cell lines wide-type GBM cell lines to investigate
the impact of FAM110C on wild-type GBM cell
growth. FAMI110C was effectively suppressed
(Fig. 4A), which inhibited the development of
wild-type GBM cells (Fig. 4B). The relationship
between FAM110C expression and Hallmark,
GO and KEGG pathway genomes was examined

Available at:  http://ijph.tums.ac.ir

using GSEA software. The interaction of cyto-
kines with their receptors, chemokine signaling
pathways, and cell adhesion molecules were all
considerably enriched (Fig. 4C-E). We used a mi-
gration assay to assess the impact of FAM110C
on glioma motility to confirm the results of the
GSEA analysis. FAM110C knockdown dramati-
cally reduced the migration of Ln229 and U87
glioma cells in migration experiments (Fig. 4F-
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Fig. 4: FAM110C promoted glioma cell migration and invasion
(A) In Ln229 and U87 cells, FAM110C was effectively suppressed. (B) Knocking down FAM110C inhibited the de-
velopment of Ln229 and U87 cells. (C-E) GSEA analysis revealed considerable enrichment in cell. (F-H) A migra-
tion experiment demonstrated that knocking down FAM110C greatly reduced the migration of Ln229 and U87 cells.
P < 0.01, #*P < 0.001

Identification of FAM110C targeted drugs ble targeted therapy drugs for FAM110C in wild-
We employed a CMap analysis to find two small type GBM, providing a new approach for clinical
molecule medicines that might be used as possi- treatment. Fig. 5A and B demonstrate the molec-
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ular chemical structures of the two drugs. Fe-
libinac (Mean connective score = -0.554;
P=0.001; Fig. 5C) and fludrocortisone (Mean

A

connective score = -0.561; P=0.001; Fig. 5C) are
the two drugs.

OQ
0
H
C Cmap name Mean N Enrichment P Specificity %Non-null
Felbinac -0.554 4 0.00095 0.0142 100
Fludrocortisone  -0.488 8 0.00012 0.007 87

Fig. 5: Identification of FAM110C targeted drugs
(A-B) CMap analysis showed that the molecular chemical structures of the two drugs. (C) The target drugs are
felbinac and fludrocortisone

Targeted drugs inhibit GBM proliferation by
reversing FAM110C

In two GBM cell lines, the impacts of felbinac
and fludrocortisone on cell proliferation were
investigated (Fig. 6A, B). Felibinac and fludrocor-
tisone decreased cell proliferation in cell lines in a
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manner of dose-dependent, with IC50 values
ranging from 4.48 mmol/L to 17.37 mmol/L for
TH588, and from 0.31 mmol/L to 16.26
mmol/L for TH1579, respectively (Fig. 6C). The
drug's gene-targeting impact was validated by the
CCKS8 test (Fig. 6D).
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Fig. 6: Targeted drugs inhibit GBM proliferation by reversing FAM110C
(A). The effects of felbinac and fludrocortisone were assessed on cell growth in Ln229 and U87 cells. (B). Inhibits
cell growth in a dose-dependent manner. (C) The CCKS8 assay confirmed FAM110C targeting effect of the drug.
*P < 0.05,n.s means no statistical significance

Discussion

The most universal and dangerous primary ma-
lignant brain tumor in adults is glioblastoma
(GBM) (16). GBM is a molecularly heterogene-
ous disorder with many subcategories. Much ef-
fort has been devoted to this characterization in
the field, and the development of drugs targeting
genetic abnormalities in each subtypes is now
ready (17-19). The efficacy of mTOR pathway
inhibition in subependymal giant-cell astrocytoma
and the prospect of finding a subtype of GBM
susceptible to bevacizumab up-front therapy are
two examples, but we need more (20,21).

On the other hand, real-time noninvasive sam-
pling of brain tumor activity is still required to
better inform disease prognosis and monitor
treatment response (22-24). Imaging and tumor
tissue data are now used to diagnose GBM; Nev-
ertheless, there are certain obstacles and limits
(25,26). Conventional MRI may help guide sur-
gery, but it cannot tell the differentiate high-grade
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gliomas and can provide confusing imaging re-
sults (27).

Potential oncogenes with diagnostic and prog-
nostic relevance were the focus of this investiga-
tion. TCGA data showed that FAM110C was
upregulated in GBM and was associated with
poor prognosis. . In addition, FAM110C is a use-
ful biomarker for determining the diagnosis and
prognosis of individuals with wild-type GBM.
Expression of this gene was also confirmed in
GBM cell lines. To learn more about FAM110C's
significance in GBM, we investigated its biologi-
cal properties in GBM cells, and we discovered
that it encouraged glioma cell motility and inva-
sion. We employed CMAP to create a novel tar-
geted medication for FAM110C, which might be
exploited as a possible target for GBM therapy.

Conclusion
The new biomarker FAM110C of GBM was

evaluated by bioinformatics analysis, which
brings new concepts to the diagnosis and prog-
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nosis of GBM. FAM110C contributes to the
growth and migration of GBM with IDH1 muta-
tion. For FAM110C, we used CMAP technology
to test the targeted drug of FAM110C. The drug
played a role in GBM inhibition by reversing the
effect of FAM110C, indicating that it may be
used as a therapeutic target for GBM therapy.
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