OncoTargets and Therapy

Dove

ORIGINAL RESEARCH

Expression and Prognostic Role of PLODI in
Malignant Glioma

Hao Wang
Weijian Luo
Limeng Dai

Department of Neurosurgery, Shenzhen
People’s Hospital (Second Clinical
Medical College), Ji'nan University, The
First Affiliated Hospital, Southern
University of Science and Technology,
Shenzhen, People’s Republic of China

Correspondence: Limeng Dai

Second Clinical Medical College of Jinan
University, No. 1017, Dongmen North
Road, Luohu District, Shenzhen 518020,
People’s Republic of China

Email Imdail 23@yeah.net

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Background: Malignant glioma is rarely curable, and factors that influence the prognosis of
glioma patients are not fully understood. Lysyl hydroxylases such as PLOD1 promote the
cross-linking in extracellular matrix (ECM) molecules, which contribute to ECM structural
stability and maturation. However, the expression and prognostic role of PLODI1 in malig-
nant glioma remained to be determined.

Methods: The expression of PLOD1 was evaluated by immunohistochemistry in 72 malig-
nant glioma patients from Shenzhen People’s hospital. The mRNA expression profiles and
clinical information of malignant glioma patients were obtained from public databases,
including TCGA, CGGA, Rembrandt, and Gravendeel. The correlation between gene expres-
sion and tumor grade, and IDH1/2 status and 1p19q status were evaluated. The association
between gene expression and overall survival of malignant glioma patients was examined
using Kaplan—Meier survival analysis. GO and KEGG pathways were analyzed by
Metascape. Transwell invasion assays were performed to determine the effect of PLODI
on migration and invasion of glioma cells in vitro.

Results: PLODI1 expression was significantly elevated in malignant glioma tissues com-
pared with non-tumor brain tissues. Besides, elevated levels of PLOD1 were significantly
correlated with high tumor grade, wildtype IDH1/2 status, and 1p19q non-codel in all the
four public datasets and in-house cohort. Malignant glioma patients with high PLODI
expression had better overall survival compared to those with low PLODI1 expression.
More importantly, patients with IDH1/2 mutations, 1p19q codeletions, and PLODI1 over-
expression had the best overall survival. GO enrichment pathway analysis indicated that
PLODI1 participates in regulating the extracellular matrix. Transwell invasion assay, which
revealed that inhibiting PLODI1 reduced cell invasion in both U87 and U251 cells.
Conclusion: PLOD1 serves as a potential prognostic marker and therapeutic target for
malignant glioma.
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Background

Malignant glioma is the most common type of primary brain tumor, accounting for
~70%, and an annual incidence of 5 per 100,000.'* The treatment of malignant
glioma mainly includes surgical resection, supported by postoperative radiotherapy
and chemotherapy.®* If left untreated, advanced glioma has extremely poor out-
comes with a median overall survival of less than a year and overall 5-year survival
of less than 10%.>> Surgery and concomitant radio- and chemotherapy increase the
median survival time of the patients to 12—15 months, while the 5-year survival rate
remains less than 5%.° Malignant glioma is a complex disease caused by the
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accumulation of genetic alterations that cause genome
instability. Complex gene interactions and molecular mod-
ulation networks are involved in the development of
glioma.” Therefore, it is important to elucidate the mole-
cular mechanisms that might play a central role in glioma
development.

Procollagen-lysine, 2-oxoglutarate 5-dioxygenase 1
(PLOD1) is a member of the PLOD family of proteins
that is responsible for lysyl hydroxylation, and mutations
in the PLOD1 gene have been shown to cause Ehlers-
Danlos syndrome as well as Bruck syndrome type 2.%°
PLODI1 specifically functions as a telopeptide lysyl hydro-
xylase. In recent years, numerous studies have investigated
the role of PLODI in cancers. Yamada et al reported that
PLOD! was overexpressed in bladder cancer and PLOD1
acted as a potential prognostic biomarker and candidate
therapeutic target in bladder cancer.'® Moreover, bioinfor-
matics analysis has demonstrated that PLOD1 is signifi-
cantly upregulated in gastrointestinal carcinoma tissues
compared to the adjacent normal tissues.'' All three
PLOD family genes are highly expressed in gastric
tumor tissues compared with gastric normal tissues. The
expression of the PLOD1 gene is reported to be signifi-
cantly associated with poor prognosis. Previous studies
have demonstrated that PLOD2 and PLOD3 levels were
elevated in glioma tissues and significantly associated with

12,13 However, the

tumor malignancy and prognosis.
expression and prognostic role of PLODI in malignant
glioma remain to be further elucidated.

In this study, we explored the expression and prognos-
tic role of PLODI in malignant glioma using public data-
sets and an in-house cohort. The correlation between
PLODI expression and clinical parameters, such as glioma
grade, IDH1/2 status, 1p19q codeletion, and molecular
subtypes were analyzed. Furthermore, we investigated
the effect of PLOD1 expression on overall survival on
glioma patients. The biological process of PLOD1 was
determined using Metascape, while the transwell invasion

assay was used to verify the findings.

Methods

Patients Samples

Human malignant glioma tissues were collected from 144
glioma patients who received surgical resection at
Shenzhen People’s hospital. Specimens from 13 cases of
patients with craniocerebral trauma or hypertensive intra-
cerebral hemorrhage were used as normal control brain

tissues. All the tissues were stored in liquid nitrogen or as
paraffin-embedded tissue blocks. None of the included
patients received radiotherapy or chemotherapy before
surgery. This study was approved by the Ethics
Committee of Shenzhen People’s hospital. All the included
patients signed informed consent. For patients with cogni-
tive dysfunction, unable to communicate, or coma, we

require relatives of the patients provided informed consent.

Bioinformatics Analysis

All data including clinical information and RNAseq
expression data were retrieved from The Cancer
Genome Atlas (TCGA), Rembrandt, and GSE16011
datasets, downloaded from Gliovis (http://gliovis.
bioinfo.cnio.es/).'* Besides, the mRNAseq 693 datasets
consisting of 693 glioma tissues with different grades
was downloaded from the Chinese Glioma Genome
Atlas (CGGA, http://www.cgga.org.cn/index.jsp), and

the mRNA expression of the key genes in glioma and
matched normal brain tissues were obtained from
GEPIA (http://gepia.cancer-pku.cn/)."

Immunohistochemical (IHC) Staining
Glioma tissues or normal brain tissues were fixed in 4%
paraformaldehyde (PFA) in PBS. Briefly, hydrated tissue
sections were incubated in 3% hydrogen peroxide to block
exogenous peroxidase activity and blocked with 10% goat
serum. The sections were incubated overnight at 4°C with
mouse anti-human PLODI monoclonal antibody (cat.
12,475-1-AP). Then, sections were incubated with HRP-
conjugated anti-mouse secondary antibody. IHC staining
was scored independently by two pathologists and interpreted
based on the guidelines published in a previous study. The
proportion of positive staining tumor cells was scored on
a three-tiered scale (score 0, no staining; score 1, 1%-25%;
score 2, 26%-50%; score 3, 51-75%; score 4, >75%). The
staining intensity was graded as follows: 0, negative staining;
1, weakly positive staining; 2, moderately positive staining; 3,
highly positive staining (Immunohistochemical staining for
PLODI1, x100). The final immune-histochemical score was
determined as the product of the score of the proportion of
positive staining tumor cells and the staining intensity score,
defined as negative staining (0), weak staining,' * moderate
staining,” ® and strong staining.” ' PLODI protein expres-
sion was classified as high (IHC score of 5-12) or low (IHC
score of 0 —4) expression.
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RNA Isolation and RT-PCR

Total RNA was extracted from the normal brain tissues,
glioma tumor tissues, and glioma cell lines using the Trizol
Reagent (Invitrogen, USA), according to the manufacturer’s
instructions. cDNA was synthesized using the PrimeScript
RT reagent kit using the gDNA eraser (TAKARA). The
specificity of the primer set used in this study was determined
as follows. PLOD1 F: 5'-ATCACATTCCAGCAGGCTTC
-3', R:5'-CCTGAAGCCATCACTGAGGT-3"; GAPDH_F:5
~AACTAGACGATCACAGCGATGA-3"; R:5-ACTATCG
CAGACGGACTAC-3;

Cell Culture, Cell Transfection, and

Western Blot

U87 and U251 cells were purchased from the Chinese
Academy of Sciences Committee Type Culture Collection
Cell Bank (Shanghai, China). Cells were cultured in RPIM
1640 (Life Technologies) supplemented with 10% fetal bovine
serum (Millipore). Small interfering RNAs (siRNAs) were
purchased from  RIBOBIO  (Guangzhou, China).
Lipofectamine™ 2000 (Lip2000) was obtained from
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Invitrogen (Carlsbad, CA) and transfections were performed
according to the manufacturer’s instructions. The siRNA
sequence  was  as 5'-CCAGAGGUCA
GCUGUUCAAGA-3"; Scramble siRNA sequence: 5'-
UUCGUAUCUGGGUGUAC CCTT-3". RIPA lysate was
used to extract total protein from the cell lines and the protein

follows:

concentration in the cell lysate was determined using the BCA
protein quantification kit (Beyotime, China). SDS-PAGE was
performed in 10% gel with the loading of an equal amount of
protein per lane. Samples were electrophoretically transferred
onto the PVDF membrane. The membranes were washed five
times for 10 min with TBST and blocked using 5% non-fat dry
skim milk in TBST before reblotting. The membranes were
incubated overnight with primary antibodies, followed by
incubation with relevant biotinylated secondary antibodies
for 1 hour at room temperature. The membrane was scanned
using an infrared Odyssey scanner by Li-cor.

Transwell Assay
Transfected cells (5 x 105) suspended in serum-free med-
um were placed into the upper insert chamber pre-coated
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Figure | PLODI expression elevated in glioma tissues (A, C). GEPIA was used to analyze PLOD| expression in multiply cancers. Expression of PLODI glioma was
presented. (B) Genetic alteration of PLOD| in LGG and GBM was then analyzed by using cBioPortal. mRNA and protein level of PLODI in glioma tissues of in-house cohort

was detected by RT-PCR (D) and IHC (E). **P<0.01.

Abbreviations: NBT, non-tumor brain tissues; GBM, glioblastoma; LGG, low-grade glioma.
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with Matrigel. Cells in 100 pL serum-free medium were
placed in the top chamber without Matrigel, and 500 pL of
10% FBS containing medium added to the lower chamber.
The cells were seeded in culture plates and cultured for 48
hours. Afterward, the cells were washed twice with PBS,
fixed with 4% paraformaldehyde, and stained with crystal
violet. Invaded cells were imaged using a microscope, and
the cell number counted in 5 randomly selected high-
power fields.

Gene Function Analysis (GO Enrichment)
Differentially expressed genes (DEGs) in the high and low
PLODI1 groups were identified from the Gliovis website.
DEGs were chosen using the criteria [FC| > 2 and P < 0.05.
Metascape is a comprehensive tool for gene annotation
and enrichment analysis. Metascape (http://metascape.
org) was used to interpret the specific functions and path-

ways associated with DEGs.

Statistical Analysis

Descriptive results of continuous variables are expressed
as mean =+ standard deviation (SD). A comparison of two
and three groups was conducted by independent sample

A LGG

GBM

WHO Grade

t-test and one-way analysis of variance (ANOVA), respec-
tively. Kaplan—-Meier analysis was used to analyze the
relationship between PLODI expression and survival
time in patients with glioma. A p-value of less than 0.05
was considered statistically significant. All statistical ana-
lyses and graphical analyses were performed using SPSS
21 and Graphpad 5.0.

Results
PLODI Expression is Elevated in Glioma

Tissues

RNAseq data from GEPIA were used to confirm PLODI1
expression in multiply cancers. GEPIA contained matched
TCGA normal and GTEx data. Our results showed that
PLODI1 was significantly elevated in glioblastoma (GBM)
and specifically in lower-grade glioma (LGG, WHO grade
I-IIT) when compared with normal brain tissues (Figure
1A and C). Genetic alteration of PLOD1 in LGG and
GBM was analyzed using cBioPortal and the results
showed, 25% and 22% genetic alteration of PLODI in
LGG and GBM, respectively (Figure 1B). To further ver-
ify the findings, mRNA, and protein expression level of
PLODI1 was detected by RT-PCR and IHC. The results
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Figure 2 PLOD| expression increased as glioma grade increased (A) Expression of PLOD | in different grades of glioma detected by IHC staining. (B) Details of PLOD| expression in
every grade of glioma presented by percentage. (C) The proportion of high PLOD1 expression of GBM compared with that of LGG. Chi-square test was used in comparison of rate
between two groups. (D-G) PLOD | expression in different grades of glioma according to TCGA, CGGA, Rembrandt and Gravendeel datasets, respectively. **P<0.001.

Abbreviations: GBM, glioblastoma; LGG, low-grade glioma.
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showed that PLODI1 expression in non-tumor brain tissues
was lower compared with glioma tissues (Figure 1D). This
finding was confirmed by immune-histochemical staining
for PLOD1 (Figure 1E).

PLOD| Expression Increased as Glioma
Grade Increased

The malignancy of glioma increased as the tumor grade
increased. IHC staining revealed that the expression of
PLOD1 was higher in GBM compared to lower-grade glioma
(WHO [-IIT) (Figure 2A). About 81% of GBM patients
showed higher PLODI1 expression, while only 40% of
LGG patients showed higher PLOD1 expression (Figure
2B). Taken together, these results revealed that the proportion
of highly expressed PLOD1 of GBM was higher compared to
that of LGG (Figure 2C). The association of PLOD1 expres-
sion and clinicopathological parameters of the in-house
cohort is presented in Table 1. A total of four public datasets
(TCGA, CGGA, GSE16011, and Rembrandt) were used to
determine the levels of PLODI1 in different grade glioma
specimens. PLOD1 mRNA expression increased as glioma
tumor increased and PLOD1 was mostly enriched in GBM
(Figure 2D-G).

Table | Association of PLOD | Expression and Clinicopathological
Parameters

Clinical Number | PLODI Expression P value
Parameters

High(n=96) | Low(n=58)
Age 0.37
<55y 88 56 32
=55y 56 40 16
Gender 0.73
Female 67 42 25
Male 77 51 26
KPS 0.68
<50 28 19 9
60-70 30 18 12
280 86 59 27
WHO grade <0.01
-l 6l 29 32
-1v 83 67 16
IDH1/2 status 0.04
Wildtype 30 21 9
Mutant 26 I 15
Chemotherapy 86 60 26 0.03
Radiotherapy 66 44 22 0.24

High PLOD| Expression is Associated

with Worse Prognosis in All Glioma
Survival analysis investigated the association of PLODI
with clinical prognosis. Patients were divided into two
groups based on PLODI expression determined by THC
staining. The results showed that glioma patients with high
PLODI1 expression had better overall survival compared
with those with low PLODI1 expression. Moreover, the
relationship between PLODI expression and prognosis in
different grades was also investigated. PLODI1 expression
could differentiate LGG and GBM patients into survival
groups in the in-house cohort (Figure 3). Cox analysis
revealed a statistically significant higher risk of progres-
sion independent of PLOD1 expression. Results of uni-
variate and multivariate Cox regression analyses for all
patients are presented in Table 2. Furthermore, the expres-
sion pattern of PLOD1 was closely related to the prognosis
of patients with glioma in TCGA, CGGA, Gravendeel, and
Rembrandt datasets. The results showed that PLOD1 was
significantly associated with prognosis in LGG patients in
four public datasets. Besides, high PLODI1 expression
predicted worse prognosis in GBM in TCGA, CGGA,
and Gravendeel datasets, but no correlation was observed
in the Rembrandt dataset (Figure 3).

PLOD| Expression is Associated with
IDH1/2 Status, Ipl19q in Glioma

Histologically, the presence of the 2 mutations, 1p19q and
IDH1/2, have been identified as factors associated with
a favorable prognosis. Numerous studies have reported
that IDH1/2 mutation status and 1p 19q co-deletion status
should overrule histological phenotype in tumor
classification.'®!” In this study, 1p19q and IDH1/2 were
detected only in some of the recruited patients. IHC staining
results revealed that Patients in the GBM-IDH1/2 wild-type
group had the highest PLOD1 expression among the four
groups, while patients in the LGG-IDH1/2 mut codeletion
group had the lowest PLODI expression in the in-house
cohort, and these findings were verified using public data-
sets (Figure 4A). Our results showed that patients with
IDH1/2 wildtype or 1p/19q non-codeletions had a higher
level of PLODI1 expression compared to those with IDH1/2
mutation or 1p/19q codeletions based on the TCGA and
CGGA datasets, respectively (Figure 4B-E). Consistent
IHC results, patients in the GBM-IDH1/2 wild-type group
had the highest PLODI1 expression among the four groups,
while patients in the LGG-IDH1/2 mut codeletion group
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had the lowest PLOD1 expression when IDH1/2 mutation
or 1p/19q codeletions mutations were combined in TCGA

and CGGA datasets (Figure 4F and G).

Prognostic Role of PLODI Expression in

the Presence of 1pl9q and IDHI/2
To further analyze the association between PLOD1, IDH1/2
status, and 1p19q in glioma, patients were classified into

All gliomas
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different groups based on the IDH1/2, 1p19q, and PLOD1
expression. Glioma patients were divided into three survival
groups, namely IDHI1/2 wild-type, IDH] mutations with
1p19q codeletion, and IDH1/2 mutations without 1p19q
codeletion, as described in a previous study.'® Patients in
the IDH1/2 mutations group and chromosome 1p19q code-
letion had the best OS (median survival: 11.19 years, 7.08
years in TCGA and CGGA, respectively, Figure 5A and B),
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Figure 3 High PLODI expression associated with worse prognosis in all glioma, LGG and GBM Patients were divided into two groups according to PLOD| expression.
Kaplan—Meier analyses to evaluate the correlation between PLOD| expression and the survival of all glioma patients, LGG and GBM patients according to in-house cohort,
TCGA, CGGA, Rembrandt and Gravendeel datasets.

Abbreviation: HR, hazard ratio.
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Table 2 Univariate and Multivariate Cox Regression Analyses for All Glioma Patients
Univariate Cox Regression Multivariate Cox Regression
HR (95% CI) P value HR (95% CI) P value
Age (260y vs<60y) 0.97(0.41-1.86) 0.97 - -
Gender (Female vs male) 1.02(0.61-1.70) 0.95 - -
WHO Grade (GBM vs. LGG) 3.76(2.15-6.56) <0.001 2.98(1.36-6.72) <0.001
Karnofsky score 0.98(0.57-1.68) 0.93 - -
Chemotherapy (yes vs.no) 0.74(0.33-1.66) 0.06 0.65(0.44-1.27) 0.04
Radiotherapy (yes vs.no) 1.08(0.41-2.84) 0.88 - -
PLODI expression (High vs Low) 2.21(1.09-4.44) 0.03 2.32 (1.18-4.57) 0.02

Abbreviations: WHO, World Health Organization; HR, hazard ratio; Cl, confidence interval.

and the IDH1/2 wild-type group had the worst OS (median
survival: 1.25years, 1.30 years in TCGA and CGGA, respec-
tively, Figure S5A and B). Moreover, our results showed that
PLODI1 expression separated patients with IDH1/2 wildtype
into survival groups and patients with low PLOD1 expres-
sion and IDH1/2 mut had the best OS compared to patients
in other groups (Figure 5C and D). Furthermore, we found
that patients in the IDH1/2 wild-type group and with high
PLOD expression had the shortest OS time among the six
groups. However, patients in the IDH1/2 mutation/1p19q
codeletion group with low expression of PLODI1 had the
longest OS time (Figure 5E and F). These results indicated
that PLOD1 played an important role in improving prog-
nosis prediction when incorporated together with IDHI1
mutation status and chromosome 1p19q codeletion.

GO Enrichment Analysis and Pathway

Prediction of PLODI in Glioma

GO functional enrichment analysis and KEGG pathway
enrichment analysis were performed on the differentially
expressed genes (DEGs). Three annotation systems were
used: biological process (GO), molecular function (GO),
and cellular component (GO). The results showed that sev-
eral biological processes were found to be involved, and
included, extracellular matrix organization (GO:0030198),
positive regulation of locomotion (GO: 0040017), and
response to wounding (GO:0009611) (Figure 6A). Within
the molecular function, the enriched GO terms were “extra-
cellular matrix structural constituent (GO:0005201)”, “col-
lagen binding (GO:0005518)” and “extracellular matrix
structural ~ constituent  conferring  tensile  strength
(GO:0030020)” (Figure 6B). Furthermore, for cellular com-
ponents, the GO terms were related to the extracellular
matrix (GO:0031012), endoplasmic reticulum lumen
(GO:0005788), and cell body (GO:0044297) (Figure 6C).

The results of KEGG pathway analysis showed that the
DEGs were mostly enriched in focal adhesion (GO:
hsa04510), AGE-RAGE signaling pathway (GO:hsa04933),
and complement and coagulation cascades (GO:hsa04610)
(Figure 6D). The interaction network of proteins related to
PLODI1 was presented using Metascape (Figure 6E).

PLODI is Associated with Molecular
Subtypes of Glioma

The mesenchymal transition of glioma cells is associated
with a more aggressive and treatment-resistant phenotype,
leading to rapid progression and poor prognosis in patients
with GBM."® Our results showed that PLOD1 was enriched
in mesenchymal GBM when compared with other molecular
subtypes of GBM in TCGA, Gravendeel, and Rembrandt
datasets (Figure 7A—C). To further explore the relationship
between PLOD1 and mesenchymal subtype, we found that
PLODI1 positively correlated with multiple mesenchymal-
enriched genes (CHI3L1, RELB, MET, CD44) and inva-
sion-related markers (Snaill, Snail2, vimentin, TWISTI1,
TWIST2) in TCGA-GBMLGG datasets (Figure 7D).
Glioma tissues Mesenchymal glioma was more aggressive,
had stronger invasive ability, and was more resistant to
chemotherapy compared to other subtypes, and this was
associated with relapse and poor prognosis. PLOD1 was
found to be highly expressed in recurrent glioma when
compared with primary gliomas of different grades in the
CGGA dataset (Figure 7E).

PLODI| Promoted the Invasion of Glioma

Cells in vitro

Results of GO enrichment analysis in mesenchymal
glioma of PLODI indicated that PLOD1 promoted glioma
invasion. Here, siRNA-PLODI1 significantly knockdown
PLODI1 expression in U87 and U251 cells (Figure 8G).
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Figure 4 PLOD| expression associated with IDH1/2 status, Ipl9q in glioma (A) PLODI expression in LGG-IDH /2 mut,|p19q codeletion, LGG-IDHI/2 mut,Ipl9q non-
codeletion, LGG-IDH1/2 wt and GBM IDH /2 wt glioma tissues. (B—E) PLOD| expression in different IDHI/2 status and 1p19q codeletion in TCGA and CGGA datasets.
(F-G) PLODI expression in LGG-IDHI1/2 mut,Ipl9q codeletion, LGG-IDH /2 mut,|p19q non-codeletion, LGG-IDHI/2 wt and GBM IDHI1/2 wt in TCGA and CGGA

datasets, respectively. ***P<0.001.
Abbreviations: GBM, glioblastoma; LGG, low-grade glioma.

PLOD1 knockdown reduced the migration and invasion of
glioma cells in vitro (Figure 8A-F). Besides, inhibiting
PLOD1 downregulated the expression of mmp2 and
vimentin, which were confirmed by Western blot (Figure
8G and H) and Immunofluorescence staining (Figure 81).

Discussion
Previous studies reveal that PLODI1 plays an important
role in the regulation of bone mineral density (BMD).?

PLODI is catalyzing the

also responsible for

hydroxylation of prolyl and lysyl residues through reac-
tions crucial for the maturation and folding of several
extracellular matrix proteins.”’ In recent years, numerous
studies have explored PLOD1 expression and its biologic
role in malignant tumors. In this study, we found that
PLOD1 was elevated in glioma and associated with
tumor grade, IDHI1/2 status, and molecular subtypes.
Besides, high PLODI expression significantly correlated
with poor prognosis in patients with LGG and GBM. Go
functional enrichment analysis revealed that PLOD1 was

submit your manuscript

13292

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Wang et al

A TCGA-GBMLGG TCGA-GBMLGG
_ 1o “ IDH1/2 wt -
[ o
2 + IDH1/2 mut/ 1p19q codel >
; + IDH1/2 mut/ 1p19g non-codel E
] ]
o 50 -
c c
@ § @
2 ] 2
S Ls ]
[ o
) 50 100 150 200 ) 50 100 150 200
Time (months) Time (months)
B CGGA CGGA
_ 1o “ IDH1/2 wt w
[4 >
2 “ IDH1/2 mut/ 1p19q codel 2
2 = IDH1/2 mut/ 1p19q non-codel 5
3 1 a
o 50 . b
[
8 5 H
S e
s B S
o [
(‘l 1000 2000 3000 4000 0 1000 2000 3000 4000
Time (days) Time (days)

TCGA-GBMLGG

= IDH1/2 wt PLOD1 high
IDH1/2 wt PLOD1 low

- IDH112 mut/ 1p19q codel PLOD1 high

~ IDH1/2 mut/ 1p19q codel PLOD1 low

— IDH1/2 mut 1p19q non-codel PLOD1 high

— IDH1/2 mut/ 1p19q non-codel PLOD1 low

-~ PLOD1 high/ IDH1/2 wt
-~ PLOD1 high/ IDH1/2 mut
* PLOD1 low/ IDH1/2 wt
-~ PLOD1 low/ IDH1/2 mut

Percent survival

150 200

) 50 100
Time (months)

- IDH1/2 wt PLOD1 high
* IDH1/2 wt PLOD1 low

- IDH1/2 mut/ 1p19q codel PLOD1 high

— IDH1/2 mut 1p19q codel PLOD1 low

— IDH1/2 mut 1p19q non-codel PLOD1 high

— IDH1/2 mutl 1p19q non-codel PLOD1 low

-~ PLOD1 high/ IDH1/2 wt
- PLOD1 high/ IDH1/2 mut
* PLOD1 low/ IDH1/2 wt
-~ PLOD1 low/ IDH1/2 mut

Percent survival
@
2

2000 3000 4000

Time (days)

0 1000

Figure 5 Prognostic role of PLOD| expression with presence of Ipl9q and IDHI/2. (A and B) Kaplan—Meier analyses was used to analyze patients in the group with IDH|
wild-type, IDHI mutations with 1pl9q codeletion, and IDHI mutations without 1pl9q codeletion in TCGA and CGGA datasets. (C and D) The expression of PLODI
incorporated with IDHI/2 status in predicting prognosis of glioma patients. (E and F) The expression of PLODI was incorporated with IDH| mutation status and

chromosome Ipl9q codeletion status to stratify glioma patients into six survival groups.

Biological process

G0:0030198: extracellular matrix organization
: positive regulation of locomotion
 response to wounding
: regulated exocytosis
 trans-synaptic signaling
: response to growth factor
: cell-substrate adhesion
: regulation of cell adhesion
: synapse organization
: blood circulation
: response to decreased oxygen levels
: connective tissue development
: ERK1 and ERK2 cascade
epithelial cell dif iati
: regulation of vesicle-mediated transport
: leukocyte migration
: negative i
G0:0044706: multi-multicellular organism process
G0:0001503: ossification
s

KEGG pathways

: cell is involved in dif

0 5 10 15 20 25
-log10(P)

Molecular function

y

15 20

G0:0005201: extracellular matrix structural constituent
G0:0005518: collagen binding

G0:0030020: extracellular matrix structural constituent conferring tensile strength
G0:0030545: receptor regulator activity

G0:0031995: insulin-like growth factor I binding
G0:0005509: calcium ion binding

G0:0005539: glycosaminoglycan binding

G0:0050840: extracellular matrix binding

G0:0016247: channel regulator activity

G0:0022839: ion gated channel activity

G0:0018636: phenanthrene 9,10-monooxygenase activity
G0:0031628: opioid receptor binding

G0:0004857: enzyme inhibitor activity

G0:0005178: integrin binding

G0:0099186: structural constituent of postsynapse
G0:0030246: carbohydrate binding

G0:0019834: phospholipase A2 inhibitor activity
G0:0004252: serine-type endopeptidase activity
G0:0002020: protease binding

G0:0005536: glucose binding

|

°
«

10
-Iog10(P)

Cellular components

: extracellular matrix
: endoplasmic reticulum lumen

: cell body

: axon

: extracellular matrix component
G0:0030425: dendrite
GO:

G
G
G
G
G

ic vesicle
G0:0098685: Schaffer collateral - CAL synapse
: secretory granule lumen
: presynapse
: neurofilament
: adherens junction
: perinuclear region of cytoplasm
: insulin-like growth factor binding protein complex
: cell leading edge
: sarcolemma
transport vesicle
G0:0034702: ion channel complex
G0:0045121: membrane raft
G0:0001725: stress fiber

15 20 2
-10g10(P)

°
“w
-
5

hsa04510: Focal adhesion
hsa04933: AGE-RAGE signaling pathway in diabetic complications
hsa04610: Complement and coagulation cascades
hsa05205: Proteoglycans in cancer
hsa04727: GABAergic synapse
I hsa04014: Ras signaling pathway
hsa05323: Rheumatoid arthritis
hsa04721: Synaptic vesicle cycle
hsa05418: Fluid shear stress and atherosclerosis
— hsa04080: Neuroactive ligand-receptor interaction
— hsa04670: Leukocyte transendothelial migration
hsa04145: Phagosome
1 hsa04810: Regulation of actin cytoskeleton
hsa04144: Endocytosis
hsa04640: Hematopoietic cell lineage
hsa04072: Phospholipase D signaling pathway
hsa00500: Starch and sucrose metabolism
2 4 6 8 10 12
-log10(P)

@roxs @ @oxm
: Gren s
Qe A
i " et G @rect
< |
‘
‘
@0 Ponss
@i sy
4 / Bhicooe:
@ ENecees
=
-
&
Qs Qe @ g
o O o &

@rrilz
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expressed genes (DEGs) and (E) Protein interaction network of functional partners were presented.

OncoTargets and Therapy 2020:13

submit your manuscript

13293

Dove


http://www.dovepress.com
http://www.dovepress.com

Wang et al

Dove

A B

-
o
]

-
S
1

-
N
h

-
=)
i

o
1

L
Relative PLOD1 expression

Relative PLOD1 expression

D TCGA

PLOD11 0.66 0.55
CHI3L1

RELB-

0.62 0.61

070 0.51
MET-
CD44
SNAI1
SNAI2

VIM-

0.32 047

1.00 0.52

0.52 1.00

0.34

0.34
0.80 0.60
TWIST1

TWIST2

0.33 0.46

0.26

PLOD1-
CHI3L1
RELBH
MET-
CD44
SNAI1
SNAI2-
VIM-
TWIST1
TWIST2-

Rembrandt

1.0

o
o

033 020 032 0.
0

C Gravendeel

-
N
h
*
i

-
=)
1

o
1

Relative PLOD1 expression

E

s

5 250- CGGA
» o
b 5 200+
o 3
§ « 150+
= 9
3 S100{ © !
- o .

] * ke
9 2 501
3 T
o °
) (4
o
=

2
&

Figure 7 PLODI| associated with molecular subtypes of glioma (A-C) The expression of PLOD| among different molecular subtypes was evaluated according to TCGA,
Rembrandt and Gravendeel datasets. (D) Correlation between PLODI expression and multiply mesenchymal-enriched genes in TCGA datasets. (E) CGGA datasets
contained 422 primary and 271 recurrent glioma samples and expression of PLODI in primary and recurrent glioma tissues were analyzed. **P<0.001.

mainly involved in regulating extracellular matrix organi-
zation, which was subsequently verified in vitro.
Regulation of PLODIexpression in cancers is rarely
studied. Previous studies exploring the effect of hypoxia
on the proteome of prostate cancer revealed that PLODI
was one of the most significant differentially expressed
proteins.”>** Besides, PLOD1 has been identified as
a target gene of TNF in human chondrocyte-like cells.**
A previous study found that high PLOD1 expression was
observed in clear cell renal cell carcinoma (ccRCC) when
compared with normal tissues and a genetic mutant of
PLODI1 was associated with a significantly poorer prog-
nosis compared with the wild-type.”” Furthermore,
a significant correlation was found between increased
PLODI expression and clinicopathological characteristics
such as tumor grade, shorter progression-free survival

(PFS), and overall survival. Another study also demon-
strated that compared with normal tissues, PLOD1 was
upregulated in gastric cancer tissues and high PLODI
expression was significantly associated with progression
and overall survival."' Collectively, these results suggest
that PLODI is a potential oncogene-induced by genomic
amplification, and the present study results were consis-
tent with these findings, revealing for the first time that
PLODI1 was up-regulated in glioma and its expression
was associated with tumor grade, IDH1/2 status, and
molecular subtypes. This study also identified a novel
biomarker for predicting the prognosis of patients with
LGG or GBM. The current study identified the differen-
tially expressed genes responsible for hypoxia in IDH1™
and IDHI™"

a systematic bioinformatics approach.”® The results

gliomas, which was analyzed using
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indicated that PLOD1 was one of the up-regulated genes
under hypoxic conditions in IDH1™" gliomas. This study
also illustrated the PLODI expression pattern and its
prognostic role in glioma, which facilitated further func-
tional studies.

Efforts to identify biomarkers for gliomas have been
made for several decades. Genetic predictors of prognosis
provide adequate strategies to aid in the clinical prediction
of better clinical management and counseling." In light of
the 2016 update by the World Health Organization (WHO)
CNS tumor classification, IDH mutations, and 1pl9q
codeletion status have been considered novel indicators
in predicting the outcome of glioma patients.?’” To improve
prognosis prediction, other genes associated with IDH and
1p19q status need to be identified.'®* In this study, we
revealed that PLODI1 expression was higher in glioma
patients with IDH wildtype and 1pl9q codeletion.
Furthermore, PLOD1 was a supplementary prognostic
marker for IDH1 and 1pl9q status in predicting the out-
come of glioma patients. Here, we identified PLODI as
a novel biomarker, that can differentiate glioma into more
comparable and clinically relevant groups.

The biological role of PLODI is rarely investigated in
cancer. Previous studies report that PLODI is directly
regulated by miR-140-5p in bladder cancer (BC) and
knockdown of PLODI significantly inhibits the prolifera-
tion, migration, and invasion in BC cells."® Aberrant
expression of PLODI contributes to collagen-related dis-
eases. It is reported that PLODI1 regulates the hydroxyla-
tion of lysyl residues on collagen type V, which acts as an
ECM component in connective tissues to support spheroid
integrity and modulate cell signaling, e.g.® We, therefore,
speculated that PLOD1 may function in remodeling or
degradation of the extracellular matrix, and is likely to
also play a role in tumor invasion. Since gliomas inva-
sively grow into normal brain tissue and are thus difficult
to surgically resect completely, the therapeutic outcome of
gliomas is extremely poor. Similarly, this study found that
PLODI1 expression is associated with glioma grade and
shows a mesenchymal subtype preference. These findings
indicate that PLOD1 contributes to Epithelial-mesenchy-
mal transition (EMT), a mechanism through which epithe-
lial cells are transformed into mesenchymal cells, and
considered an important marker of tumor progression,
and results from this study supported this assumption. Go
analysis revealed that PLODI1 mainly participates in reg-
ulating extracellular matrix organization, thus providing
a basis for a better understanding of invasion-regulation

in cancer cell biology. PLOD?2 is another member of the
PLOD family, which affects cell migration and tumor
invasion in breast cancer, cervical cancer, and glioma. It
is not surprising that members of the same gene family
have similar functions. Knockdown of PLOD1 was found
to alter the migratory and invasive properties of U87 and
U251 cells, as confirmed by in vitro transwell assay
results.

Conclusion

Taken together, these results reveal that PLOD1 is down-
regulated in glioma when compared with normal brain
tissues. There is also a significant association between
PLOD1 expression and WHO grade, IDH1/2 and 1p19q
codeletion status, molecular subtypes, and overall survival.
Therefore, PLOD1 may be a potential prognostic biomar-
ker and a promising target for glioma therapy.
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