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ABSTRACT

Bradykininreceptor B2 (BDKRB2has been reported as an oncogenein severalmalignancies.In glioma, the
role of BDKRBZemains unknown. This study aimed at investigatingits clinical significanceand biologica
function in glioma at the transcriptional level. We selected301 glioma patients with microarray data from
CGGAdatabaseand 697 with RNAseqdata from TCGAdatabase Transcriptomeand clinical data of 99¢
sampleswere analyzed.Statisticalanalyss and figure generatingwere performed with R language.BDKRB
expressionshowed a positive correlation with the WHO grade of glioma. BDKRB2was increasedin IDF
wildtype and mesenchymalsubtype of glioma Gene ontology analysis demonstrated that BDKRB2was
profoundly associatedwith extracellular matrix organizationin glioma. GSEAanalysisrevealedthat BDKRB
was particularly correlated with epithelial-to-mesenchymaltransition (EMT). GSVAanalysis showed that
BDKRB2vas significantly paralleled with severalEMT signalingpathways, including PI3K/AKT hypoxia, and
TGHF . Moreover, BDKRBZxpressionwas significantly correlated with key biomarkers of EMT, especiall)
with N-cadherin, snail, slug, vimentin, TWIST1and TWIST2Finally, higher BDKRB2ndicated signiiicantly
shorter survivalfor gliomapatients. In conclusion,BDKRB2vas associatedwith more aggressivephenotypes
of gliomas. Furthermore, BDKRB2was involved in the EMT processand could serve as an independen
prognosticatorin glioma.

INTRODUCTION development of potential molecular targets for glioma
patients.

Gliomas are the mostcommon and aggressiygimary

braincancersn adult patient§l]. Despite improvements Bradykinin (BK) is a vasoactive peptide produced

in diagnosis and treatment, the prognosis of glioma f r om ki ni nogen precursoros

remainsunfavorable Especiallyfor glioblastoma (GBM) action [5]. BK participates in a range of

patients, the most malignant type, the median survival pathophysiological processes, including vasodilation,

time is only about fifteen monthg, 3]. Epitheliatto- vascular permeability, paisensing, smooth muscle

mesenchymal transition (EMT) has been widely reported  contraction, and inflammation modulation. THBK G

as a key mechanism in promotingigraion, invasion, biological function is mediated by the activation of

and tumor progression in gliompt]. Identification two G proteincoupled receptorBradykinin receptor

of novel EMTrelated markers will facilitate the B1 (BDKRB1) and BDKRB2. BDKRBL1 is weakly or
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not expressed under normal physiological conditions,
while proinflammatory mediators and oxidative stress
can upregulate jtandit usually binds tothe active
metabolite desArg®-BK. However, BDKRB2 is
constitutively expressedcross differentissues and

it hasa high affinity with BK [6]. There is arosstalk
between BDKRB1 and BDKRB2. pregulation

of BDKRB1 can be associated wittBDKRB2
downregulatiorf7].

The BK system plays an important role in cancer
occurrence and progressiof8]. The BK system
stimulatess cell  proliferation,  migration and
angbobgenesis, contribimng to tumor progressioff]. As a
vital receptor of bradykinin, BDKRB®as beerwidely
reportedin a range of malignanciegcluding cervical
cancer [10], triple-negative breast cancefl11],
hepatocellular carcinom@CC) [12, 13] gagric cancer
[1471 16], colorectal cancefl7], prostate cancefl8],
bladder canceff19], head and neck squamous cell
carcinomas [20], and chondrosarcom§1]. Across
different malignancies, viactivating BDKRB2, BK
promotes tumor progression through various pathways.
For example,the BK-BDKRB2 axis can promote
angiogenesis by increasing vascular permeability and by
upregulatingvascular endothelial growth factor (VEGF)
in a sarcomamouse model[22] and a Walker 2%
carcinoma celbearing rat modeR3]. Yu et al further
demonstrated that the BBDKRB2 axis activated\kt-
MTOR signaling and downstreaiF-aB and activator
protein 1 (AR1), which activaed VEGF in human
prostate cancer cell§24]. In HCC, BK-BDKRB2
promotes the migration and invasiowf tumor cells
through transient receptor potential cation channel
subfamily M member 7 (TRPM7) and matrix
metalloproteinas@ (MMP2) [13]. In melanoma BK-
BDKRB2 upegulatesendothelinl and subsequently
increases the capacity of migration and invagj. In
gastric cancer, the BBDKRB2 axis promotescell
proliferation, migration, invasion through ERK signaling
pathway [14]. Moreover, several studies sought to
investigate the correlation between BDKRB2 expression
and clinical characterization and have concluded
relatively consistent results across different cancers. A
higher expression level 8DKRB2 wasreported to be
correlated with moremalignant features andshorter
survival[10, 11, 26, 27]

Heretofore, someresearchershave investigated the
potential biological functions of BDKRB2 in glioma
based onin-vivo and in-vitro experimental studies
[7, 28 30]. However, we could not find a systematic
report about BKRB2 expression in paglioma from

the clinical perspective. In the present study, 998 glioma
patients with transcriptome data were enrolled
and analyzed, aiming at investigating the clinical

significance, characterization of expressiprofiling,
and biological function of BDKRB2 in glioma.

RESULTS

BDKRB2 expressionwas correlated with aggressive
phenotypes of glioma

BDKRB2 expression levels were compared across
different WHO gradesThe results oboth CGGA and
TCGA cohorts consistely showed a significarfiositive
correlation between BDKRB2 expression and WHO
grade(Figure 1A, 1E). In addition, when patients were
subclassified with respect to IDH mutation status, IDH
wildtype was found to be more associated with an
increased patterrof BDKRB2 expression in both
datasets, except for the subgroup of WHO grade Il in
CGGA dataset, which also ekited an apparent trend
(Figure 1B, 1F). These results suggestéubt higher
BDKRB2 was paralleled with higher malignancy in
glioma Moreover, he correlation between BDKRB2
and TCGA molecular subtype was fietrexamined. As
shown in FigurelC, 1G, BDKRB2 expression in
mesenchymal subtype were significantly upregulated
than that in other subtypes, suggesting that BDKRB2
expression couldontribute as a specific marker for the
mesenchymal subtype. ROC curves were subsequently
performed to evaluate the performance of BDKRB2 in
distinguishing mesenchymal subtype.ref&s under
curves (AUC) were 86.7% in CGGA and 90.2% in
TCGA, respectively (Figure 101H).

Many other genes have been identified as the
mesenchymal subtype biomarkers, such as P[31],
PD-L1 [32], TIM3 [33], CD163[34], PSAP[35], and
UPP1 [36]. These biomarkers wereconcurrently
enrolled in ROC analysis to assess the sensitivity and
specificity of BDKRB2. As shown irSupplementary
Figure 1, BDKRB2 was comparable to other molecules
reported previously and seemed superior to most of them
in both CGGA and TCGA.

BDKRB2-related biologcal process

To explore the biologicalprocess of BDKRB2 in
glioma, Pearson correlation test was performed between
BDKRB2 andothergenes. With the criteria of Pearson
coefficient |r] > 05, we identified 1011BDKRB2-
positively-correlated genes and 338 BIKRB2-
negativelycorrelated genesin CGGA, and 911
BDKRBZ2-positively-correlatedgyenesand 69 BDKRB2
negativelycorrelated genesin TCGA. To ensure
accuracy, BDKRBzignificantly-correlatedgenesthat
were overlapped between both datasets were selected
for GO analysis. Venn diagramSypplementaryigure

2) were constructed, illustrating overlap of 555
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BDKRB2-positively-correlated genes and 20 BKDRB2 andSupplementaryrable3). Besdes, it should be noted

negativelycorrelated genesS(pplementaryTable 1), that BDKRB2 showed a positive correlation with
which were subsequently annotated in GO analyges. angiogenesisp(= 2.12E12), which was paralleled with
found that BDKRB2-positively-correlatedgenes were the characterization of vascularization in GBM.

mainly involved in extracellular matrix organizatiom (

= 1.53E23), inflammatory responsep(= 1.29E22), BDKRB2 was associated with EMT

leukocyte migration = 6.21E18), immune response

(p = 6.30E17), collagen catabolic procesg £ 5.80E To furtherillustrate the biological process @DKRB2
13) and response to lipopolysaccharige=(8.58E12), in glioma, GSEA anales were performedin both

suggesting that BDKRB2 was tightly associated with CGGA and TCGA dataset$Ve found thatBDKRB2
EMT process and inflammatory response in glioma. As wasmostcorrelatedwvith EMT in CGGA (NES = 2.187,
expected, BDKRBzegativelycorrelated genes were FDR = 0) (Figure 3A3E), which wasfurther validated

largely associated with normaddiological processes, in TCGA (NES = 2.036, FDR = 0.019) (Figure ,38).
such as cell differentiatiorp(= 0.001) (Figue 2A, 2B Furthermore, GSEA analysis showed a similar pattern of
andSupplementaryrable 3). functional enrichment in GBM of both datasets (Figure

3C, 3D, 3G, 3H). These results indicated that BDKRB2
Given GBM as a distinct subgroup of glioma, we then  was profoundly associated with EMT phenotype in
conducted an independent GO enrichment analysis in glioma.
this group. In GBM of both datasets, the Vetiagram
(SupplementaryFigure 3) exhibited an overlap of 257 BDKRB2-related EMT signaling pathways
BDKRB2-positively-correlated genes S(pplementary
Table 2). They were found to reveal a similar biological  To furtherinvestigate the relationship between BDKRB2

process pattern as those in ygioma (Figures 2C2D and EMT, we downloaded seven gene sets from the
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Figure 1.BDKRB2xpression in CGGhd TCGA dataset accordingtdHO gradéA, E), IDHmutation status(B, ), TCGA molecular subtype
(C G and ROC curveb,(H) for distinguishingmesenchymal subtypé indicates p value< 0.05 **indicates p value<0.01, *** indicates p
value< 0.001x** indicates p value 0.0001
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GSEA website SupplementaryTable 4), which were three clusters, inclidg TGFRb, PI3SK/AKT, and
subsequently transformed into metagenes, representing hypoxia signaling pathway, were significantly associated
different EMT-related signaling pathways, summarized  with BDKRB2 expression. To quantifywhat we
by Gonzalez et a[37]. As shown in Figures 4A4B, observed in clusters, Gene Set Variation Analysis
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Figure 2 GeneOntology analysis foBDKRB pan-glioma(A, B) and gliokhstoma C D).
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(GSVA) was performed to generate seven metagenes WNT, MAPK, NOTCH, and HEDGEHOG pathway,

based on corresponding genes of seven EdiEted consistent with what we observed in ig 4A, 4B.
signaling pathways. According to Pearsorvalue Moreover, taking GBM as a distinct group, we
between BDKRB2 and seven metagenes, Corrgrams investigated BDKRBzZelated EMT sigaling pathways
were generated to evale their intercorrelations in the GBM subgroup. It turned out that, other than

(Figure4C, 4D). BDKRB2 showed a robust correlation TGFb, PIBK/AKT, and hypoxia, BDKRB2 also showed
with TGFb, PI3K/AKT, and hypoxia signaling a robust correlation with MAPK signaling pathway
pathway, while only showed a weak correlation with  (Supplementar¥igure 4).

Figure 3 GSEA of BDKRB?2 in fgioma (A, B) and glioblastoma( D), and GSEA plots for EMT enrichment according to BDKRB2 expression
in panglioma E F) and glioblastomag, H).
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