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ABSTRACT

We investigatedthe prognostic significanceof nidogen1 (NID1)in glioma. Oncomine, GEPIAUALCANCCG.
databaseanalysesshowedthat NID1transcript levels were significantly upregulatedin multiple cancertypes
including gliomas. Quantitative RFPCRanalysesconfirmed that NID1 expressionwas significantly upregulatec
in gliomatissuescompared to paired adjacentnormal brain tissue samples(n=9). NID1silencingenhancedin
vitro apoptosisand the temozolomidesensitivity of U251and U87-MG glioma cells. Protein-protein interaction
network analysis using the STRINGand GeneMANIAdatabasesshowed that NID1 interacts with severa
extracellularmatrix proteins. TIMERdatabaseanalysisshowedthat NID1expressionin low-gradegliomaswas
associatedwith tumor infiltration of B cells, CD4 and CD8 T cells, macrophagesheutrophils, and dendritic
cells. KaplanMeier survival curve analysisshowedthat low-grade gliomaspatients with high NID1 expressiol
were associatedwith shorter overall survival. However, NID1 expressionwas not associatedwith overall
survival in glioblastoma multiforme patients. These findings demonstrate that NID1 expressionin gliome
tissuesis associatedwith overall survival of low-grade glioma patients and temozolomide sensitivity. NID1is
thus a potential prognosticbiomarkerandtherapeutictarget in low-gradegliomapatients.

INTRODUCTION

Glioma is a highly malignant brain tumor with poor
prognosis despite the availability of conventional
therapeutic options including surgical excision followed
by adjuvant radichemotherapy[l, 2]. Molecular
targeted therapy has emerged as an important
therapeutic option for several cancers because it
provides greater specificity compared to traditional
chemeoradiotherapy[3]. However, effective targeted

therapies are still not available for glioma patients
despite identification of several prognostic biokess

[4, 5]. Hence, there is an urgent need to identify new
and more effective therapeutic targets in gliomas. The
abnormally high expression of NID1, which is widely
discussed in various types of other cancers including
ovarian cancer, nesmall cell lug cancer and
hepatocellular carcinom&i 8], in glioma is uncovered
through the differently expressed ge(@@EGs) analysis
between normal and cancer of brain/central nervous
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system(CNS). However, not many studies on the role
of NID1 in glioma are availdb, and thus we are
interestedn whether its function in glioma is the same
as in other cancer types.

NID1 is a 150 KDa glycoprotein belonging to the
Nidogen (also termed entactin) family and is an
essential component of the basement membf{ahe
NID1 consists of three (GG3) globular domairds one
flexible linker domain that connects G1 and G2
domains, and one rdike domain that separates G2 and
G3 domains[10]. NID1 is secreted by mesenchymal
cells and deposited between epithelial c§lls, 12]
NID1 is sensitive to various proteases and plays a
significant role in basement membrane remodeii3j.
NID2 is a paralog of NID1 with complementary
functions [14]. NID1 plays a significant role in the
formation and stabilization of the basement memdran
network, wound healing, cell adhesion, chemotaxis, and
phagotrophyf15i 17].

NID1 is also regarded as an oncogene in many cancer
types. NID1 promotes epithelialesenchymal transition
(EMT) and metastasis in ovarian candéj. NID1
enhances adhesion B VV5-overexpressing endometrial
cancer cells to the extracellular matrix (ECM) and
promotes their proliferation and migrati¢h8]. Serum
NID1 levels are elevated in neamall cell lung cancer
(NSCLC) patients compared to the healthy contff]s
NID1-eniiched vesicles secreéd by hepatocellular
carcinoma (HCC) cells facilitate extrahepatic HCC
metastasi$8]. These findings suggest that NID1 plays a
crucial role in tumorigenesis. Howevénerole of NID1

in glioma is not known. Therefore, in this studye
investigated the relationship between NID1 expression
and prognosis of glioma patients.

RESULTS
NID1 is overexpressed in several cancers

We analyzed NID1 expression in 15 different kinds of
cancers using the
fod chame O 2, and gene
as threshold parameters. NID1 expression was
significantly higher in multiple cancer types compared
to their corresponding normal tissues, as reported in 25
unique cancer studies including 6 studies related to
brain and CNS tumors (Figure 1A).The detailed
information of the 6 braintumorrelated studies is
shown in Table 1. The analysis of 5 studies related to
brain and CNS tumors (the sixth study was a TCGA
dataset) showed that NID1 was overexpressed in brain
tumor tissues compared to the corresponding normal
brain tissues (FigurelB). NID1 was significantly
upregulated in glioblastoma (Murat and Sun brain

datasets), anaplastic astrocytoma (Sun brain dataset),
and oligodendroglioma (French and Sun brain datasets)
tissues compared to the corresponding normal tissue
samples (Figure 1AG).

NID1 is overexpressed in several panancer tissue
datasets from UALCAN and GEPIA databases

We analyzed NID1 expression in paancer tissues using
UALCAN and GEPIA databases (Supplementary Table
1). GEPIA database analysis showed that NID1
expres®n levels were significantly higher in cancers such
as low grade gliomaglioblastoma multiforme kidney
renal clear cell carcinoméigad and neck squamous cell
carcinoma, and others (Figure 2A). UALCAN database
analysis also showed that NID1 expressiorasw
significantly higher in several cancer types compared to
the corresponding normal tissues (Figure 2B).

NID1 overexpression in different grades of glioma

Next, we analyzed the expression of NID1 in various
grades of gliomasAccording to the World Hetd
Organization (WHO) criteriagliomas are classified into
four graded WHO grades |, II, Il and IV [19]. WHO
grades |, Il, and Ill are collectively called as lgrade
gliomas (LGG), whereas, WHO grade Ii¢ called
glioblastoma multiforme (GBM) and isthe most
malignait type of glioma [20, 21] GEPIA database
analysis showed that NID1 transcript expression in the
LGG and GBM tissues was significantly higher
compared to the normal brain tissues (Figure 3A). CGGA
database analysis also showed that NIDdression was
significantly increased in the higher glioma grades
(Figure 3B). Furthermore, IDH mutant GBM tissues
showed significantly lower NID1 expression than the
IDH wild-type GBM tissues, but NID1 expression in
IDH mutant and wildype LGG tissues wasimilar
(Figure 3C). krthermoregRT-PCR analysis of 9 pairs
of glioma tissuesand adjacent netumor brain tissues
(Supplementary Table 2) showed that NID1 mRNA
expression was significantly higher in 100% (948)

On c @,mi n eglioma tissues compared to the corresfiog adjacent
r a rnormal brain tissues (p<0.0001; FigGi#).

NID1 protein expression in brain tissues of glioma
patients

Next, we analyzed NID1 protein expression levels in
the brains of normal healthy individuals and glioma
patierts using the HPA database. NID1 protein
expression in the normal healthy adult brain tissue (for
example, patient id: 2521yas moderate and restricted
to the ECMneuropil area and not detected in the
endothelial cells, glial cells, and neuronal cells (iFég
3E; top). In the glioma patients (patient id: 3092)
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Figure 1. NID1 is overexpressed in several cancers including different types of gli@jr&ummary of NID1 expression analyses in
multiple cancer types and their corresponding normal tiss@isSummary oNID1 expression analysesfine studies related to brain and
CNS cancers. Note: P< 0.001 indicates statistical signifid@aedecolotindicates high NID1 expression in the corresponding cancer and blue
color indicates low NID1 expression in the corresponding can@g®) (NID1 expression irg( Murat brain (normal brain vglioblastoma,

(D) French brain (normal brain vs. anaplastigodendrogliomg, € Sun brain ((normal brain vs. glioblastom&),gun brain (normal brain

vs. anaplastic astrocytoma), an@)(Sun brain (normal brain veligodendrogliom# datasets are shown. Not&<0.01 indicates statistical
significance; NID1 wasnong the top 1% overexpressed genes in all five different grades of glioma.
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Table 1. NID1 expression data from six studies that analyzed brain and CNS cancer samples.

Datasets (n) Study object Fold change t P Ref
Murat Brain (84) Glioblastoma vsNormal 10.988 31.646 5.40E48 [22]
French Brain (33) Anaplastic Oligodendroglioma vs. Normi 7.491 10.191 4.83E11 [23]
Glioblastoma vs. Normal 5.818 133.786 4.27E23
Sun Brain (180) Anaplastic Astrocytoma vs. Normal 4.097 8.582 7.17E10 [24]
Oligodendroglioma vs. Normal 3.083 7.216 2.37E10
TCGA Brain (557) Brain Glioblastoma vs. Normal 9.518 22.006 7.26E11 [-]
A
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Figure 2. NID1 expression in paancer tissues from GEPIA and UACLAN datab@sesID1 transcript levels in pairégmor and
normal tissue samples from the GEPIA database. Red dots represent NID1 expression in tumor samples; green dots indijateskilinl

in the corresponding normal tissues; black line indicates median NID1 expression; tumor names highligheseh imdjcate NID1
downregulation; tumor names highlighted in red indicate NID1 upregulation; tumor names highlighted in black indicate n@nal N
expression; T= tumor tissue; N= normal tiss@.\(alidation of NID1 expression levels in different canfrera the UALCAN database. The
red boxes represent NID1 expression in tumor tissues and blue boxes represent NID1 expression in the correspondingmesmal tis
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Figure 3. NID1 mRNA and protein expression in different gradégliomas. (A) NID1 transdpt expression levels in lograde

glioma (LGGed; n=518, glioblastoma multiforme (GBM; red; n=163) and corresponding normal brain tissues (black; n=207) from the GEPIA
datasets. B) NID1 expression levels in different grades of glioma (WHO gradés dind IV) from the CCGA dataset. As shown, NID1
expression levels are significantly higher in WHO grades 1l and IV compared to WHO gEadidDIL gxpression levels in LGG and GBM
patients belonging to IDH mutant and wilgpbe genotypes from the CCGlatasets. As shown, IDH mutant GBM patients show lower NID1
levels compared to the IDH witgpe GBM patients. NID1 levels in IDH mutant and -tyiiee LGG patients are comparable and not
statistically significant¥) NID1 expression is upregulated inatilioma tissue samples compared to their corresponding normal brain tissue
ak YLX Sad wSR OANDE S& NBLINBaSyid 3FtAaz2Yl GAaadzSa |yR ofwesNOIANDE S
expression. ) Representative |IH§tained bein section images from the HPA database show NID1 expression in normal healthy individual
(patient i.d.2521) and glioma patient (patient id: 309Blue staining represents atilD1 antibody staining. Note: * P<0.05;** P<0.01;***
P<0.001;**** P<0.0001.
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