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Abstract 

Background Gliomas are the most frequent type of central nervous system tumor, accounting for more than 70% of 
all malignant CNS tumors. Recent research suggests that the hyaluronan-mediated motility receptor (HMMR) could be 
a novel potential tumor prognostic marker. Furthermore, mounting data has highlighted the important role of ceRNA 
regulatory networks in a variety of human malignancies. The complexity and behavioural characteristics of HMMR and 
the ceRNA network in gliomas, on the other hand, remained unknown.

Methods Transcriptomic expression data were collected from TCGA, GTEx, GEO, and CGGA database.The relationship 
between clinical variables and HMMR was analyzed with the univariate and multivariate Cox regression. Kaplan–Meier 
method was used to assess OS. TCGA data are analyzed and processed, and the correlation results obtained were 
used to perform GO, GSEA, and ssGSEA. Potentially interacting miRNAs and lncRNAs were predicted by miRWalk and 
StarBase.

Results HMMR was substantially expressed in gliomas tissues compared to normal tissues. Multivariate analysis 
revealed that high HMMR expression was an independent predictive predictor of OS in TCGA and CGGA. Func-
tional enrichment analysis found that HMMR expression was associated with nuclear division and cell cycle. Base on 
ssGSEA analysis, The levels of HMMR expression in various types of immune cells differed significantly. Bioinformat-
ics investigation revealed the HEELPAR-hsa-let-7i-5p-RRM2 ceRNA network, which was linked to gliomas prognosis. 
And through multiple analysis, the good predictive performance of HELLPAR/RRM2 axis for gliomas patients was 
confirmed.

Conclusion This study provides multi-layered and multifaceted evidence for the importance of HMMR and estab-
lishes a HMMR-related ceRNA (HEELPAR-hsa-let-7i-5p-RRM2) overexpressed network related to the prognosis of 
gliomas.
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Introduction
Gliomas are the most frequent type of central nerv-
ous system(CNS) tumor, accounting for more than 70% 
of all malignant CNS tumors, with an annual incidence 
rate of 6.6 per 100,000 population [1–3]. Unfortunately, 
half of newly diagnosed gliomas are the most malignant 
glioblastoma, with median patient survival duration of 
approximately 14 to 17  months [4–7]. Low-grade glio-
mas have the potential to evolve into more aggressive and 
glioblastoma (GBM) in spite of its encouraging progno-
sis [8, 9]. Over the last decade isocitrate dehydrogenase 
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(IDH) mutation, chromosome 1p/19q deletion, MGMT 
promoter methylation, TERT promoter mutation and 
histone mutation have been identified as biomarkers 
and play a central role for classification of gliomas and 
treatment decisions [10–12].  However, the molecular 
understanding of gliomas is still limited, the treatment of 
gliomas is full of challenges and prognosis is not optimis-
tic. Therefore, it is important to find new biomarkers to 
provide a highly reliable prediction of a patient,s survival 
and more aggressive treatment.

The cell membrane receptor hyaluronan-mediated 
motility receptor (HMMR), which is linked to the Gly-
cosaminoglycan hyaluronic acid (HA), is significantly 
expressed in a variety of malignant tumors, including 
breast cancer, stomach carcinoma, bladder cancer, pros-
tate carcinoma, colorectal cancer, and others [13–17]. 
According to several research, increased HMMR expres-
sion is linked to a bad prognosis because it speeds up 
tumor growth and metastasis. However,  for malignant 
peripheral nerve sheath tumor and other tumors, poor 
patient survival associates with low HMMR expression 
[18, 19]. Although HMMR was shown to be overex-
pressed in GBM stem cells and might be used as a bio-
marker for gliomas, its predictive usefulness and putative 
function in gliomas were unknown and unproven [20].

Noncoding RNAs, including long noncoding RNAs 
(lncRNAs), short microRNAs (miRNAs), and circular 
RNAs (circRNAs), account for 95% of total eukaryotic 
transcripts [21]. LncRNAs are ncRNA subtypes with 
a length more than 200 nt and no or limited ability to 
code for proteins [22]. LncRNAs have been shown to 
play both direct and indirect regulatory roles in cancer 
biology in a number of studies [23–25]. Specific lncR-
NAs have been linked to cancer recurrence, metastasis, 
and poor prognosis in several cancer types, including 
gliomas [26–28]. During the disease process of gliomas, 
lncRNA LINC01057 can promote mesenchymal differ-
entiation by activating NF-kB signaling in glioblastoma, 
lncRNA BCYRN1 can prevent gliomas carcinogenesis by 
competitively interacting with miR-619-5p to modulate 
CUEDC2 expression, lncRNA PVT1 can enhance glio-
mas tumorigenesis and progression by modulating the 
MiR-128-3p/GREM1 axis and the BMP signaling path-
way and the like [29–31].

MicroRNAs (miRNAs) are short single-stranded non-
coding RNAs (ncRNAs) with 19–25 nucleotides that can 
attach to target mRNAs and prevent gene destruction or 
translation [32–34]. MiRNAs also control roughly 30% 
of the genes in the human genome [35, 36]. At present, it 
is mainly believed that in the cytoplasm, lncRNAs regu-
late mRNA by adsorbing miRNAs through a competitive 
endogenous RNA (ceRNA) regulatory mechanism [37, 38]. 
The lncRNA KTN1-AS1 negatively regulates miR-505-3p 

through ceRNA action to promote glioma cell proliferation 
and invasion [39]. LncRNA NEAT1 and lncRNA NFIA-
AS2 can promote gliomas progression by regulating miR-
98-5p/BZW1 and miR-655-3p/ZFX axis, respectively [40, 
41]. These findings suggest that the ceRNA network plays 
an important role in the disease progression of gliomas.

In this study, we comprehensively evaluated the predic-
tive value of HMMR and constructed a HMMR related 
ceRNA network in patients with gliomas using data from 
the Cancer Genome Atlas (TCGA) database, Chinese Glio-
mas Genome Atlas (CGGA) databases and Gene Expres-
sion Omnibus (GEO) database (Fig.  1). First, we used 
expression analysis, survival analysis, cox regression analy-
sis to demonstrate that the level of HMMR expression was 
found to be substantially linked to the poor prognosis of 
glioma patients. Based on the high and low HMMR expres-
sion we analyzed the differentially expressed mRNA (DEm-
RNAs) from TCGA for GO, KEGG, and GSEA enrichment 
analysis. Then, these DEmRNAs were also jointly analyzed 
with the DEmRNAs from GSE4290 to construct a lncRNA-
miRNA-mRNA triple regulatory network. Furthermore, 
survival analysis, nuclear-cytoplasmic localization study, 
and correlation analysis of RNAs from triple regulatory 
networks showed a critical ceRNA network (HELLPAR-
hsa-let-7i-5p-RRM2).Finally, the diagnostic and prognostic 
values of RRM2 in gliomas were determined using expres-
sion analysis, survival analysis, and cox regression analysis.

Materials and methods
Data acquisition
The gliomas RNA-seq data of TCGA and corresponding 
normal tissue data of GTEx by toil processing uniformly 
were downloaded from UCSCXENA(https:// xenab rowser. 
net/ datap ages/). According to the median HMMR expres-
sion value, patients with gliomas were divided into two 
groups: low-expression and high-expression. The gene 
expression profiles of GSE4290 were extracted from the 
GEO database (https:// www. ncbi. nlm. nih. gov/ geo/). The 
Human Protein Atlas (https:// www. prote inatl as. org/) 
database was used to examine HMMR protein expression 
in normal and RRM2 protein expression in normal and 
gliomas tissues. The study also downloaded glioma sam-
ples RNA-seq data and clinical information (DataSet ID: 
mRNAseq_693) of the CGGA (http:// www. cgga. org. cn/) as 
an external validation of survival analyses.

Analysis of differentially expressed mRNAs (DEmRNAs), 
differentially expressed miRNAs (DEmiRNAs), 
and differentially expressed lncRNAs (DElncRNAs) 
between the high and low HMMR expression groups 
in patients with gliomas
In this study, R package DESeq2 (1.26.0) was used 
to analyze between low and high HMMR mRNA 
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expression for obtaining DEmRNAs, DEmiRNAs, 
and DElncRNAs [42]. The limma (version 3.48.1) R 
package was used to filter the DEmRNAs between 
the gliomas and control samples from GSE4290 [43]. 
|log2FC|> 2.0 and adjusted P-value < 0.05 were consid-
ered the threshold for the DEmRNAs. |log2FC|> 0.5 
and adjusted P-value < 0.05 were considered the 
threshold for the DEmiRNAs. |log2FC|> 1.0 and 
adjusted P-value < 0.05 were considered the threshold 
for the DElncRNAs.

Gene ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) enrichment analysis and gene set 
enrichment analysis (GSEA)
The R package clusterProfiler package (3.14.3) is used 
for GO and KEGG enrichment analysis. GSEA was 
carried out using the R package clusterProfiler, which 
performed 1000 times of gene set permutations for 
each analysis [44–46]. We chose c2.cp.v7.2.symbols.
gmt as the reference gene collection in the MSigDB 
Collections. An adjusted P-value < 0.05, False discov-
ery rate (FDR) < 0.05 and normalized enrichment score 
(NES) > 1 were considered as significant enrichment.

HMMR expression is correlated with immune infiltration 
level in gliomas
We quantified 24 types of immune cells associated with 
levels of glioma immune infiltration to evaluate the cor-
relation between immune cells and HHMR expression 
by applying the ssGSEA (single-sample Gene Set Enrich-
ment Analysis) method from the GSVA package (1.34.0) 
in R [47]. The link between distinct HMMR mRNA 
expression levels and immune cell infiltration in gliomas 
samples from the TCGA database was validated using the 
TIMER software.

Prognostic model construction and external validation
On the basis of the TCGA database, univariate and mul-
tivariate Cox regression analyses of clinical variables 
were done to screen for relevant prognostic factors, 
which were then utilized to build the best prognostic 
model. R packages rms were used to create a nomogram 
that predicted prognosis. Kaplan–Meier curve was con-
structed to show the difference  between two groups in 
overall survival(OS), disease specific survival(DSS) and 
progress free interval(PFI). Harrell,s concordance index 
(C-index), calibration plots were formulated to  evalu-
ate the reliability and accuracy of the prognostic model 

Fig. 1 Flowchart of analysis of HMMR and construction of ceRNA
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intensity.Receiver operating characteristic (ROC) curve 
was performed to compare the prediction accuracy. The 
CGGA database was used for external validation to verify 
relevant results.

Gene‑miRNA and miRNA‑lncRNA interaction networks
We used miRWalk (version 3; http:// mirwa lk. umm. uni- 
heide lberg. de/) to predict targeted pivotal miRNAs and 
build the DEmRNAs-miRNA interaction networks. We 
intersected the predicted results of the TargetScan and 
miRWalk database to ensure the accuracy of the results. 
Upstream lncRNAs of key miRNAs were identified by 
using StarBase (https:// starb ase. sysu. edu. cn/) [48]. The 
target sites were predicted by StarBase. The DElncRNA 
sequences were obtained from LNCipedia (https:// lncip 
edia. org/), and the lncLocator (http:// www. csbio. sjtu. 
edu. cn/ bioinf/ lncLocator/) database was used to deter-
mine the DElncRNA’s cellular localization based on its 
sequence. Networks were visualized in Cytoscape soft-
ware (version 3.8.2).

Immunohistochemistry (IHC)
Paraffin-embedded human gliomas tissue samples were 
obtained from the Department of Pathology, The First 
Affiliated Hospital of Nanchang University. The Ethics 
Committee of the First Affiliated Hospital of Nanchang 
University approved this study. Paraffin tissues were 
dewaxed and hydrated with xylene and ethanol. The sec-
tions were immersed in citrate retrieval solution for anti-
gen retrieval and then heated in a microwave oven. Then 
sections were washed with distilled water and incubated 
in a 3% aqueous hydrogen peroxide solution and blocked 
with blocking solution for 1 h at room temperature. Add 
HMMR antibody [ab124729](1:100)(Abcam, UK) and 
incubate overnight at 4  °C. After the antibody reaction 
was completed, sections were incubated with secondary 
antibodies, 3,3’ diaminobenzidine (DAB) solution was 
used as chromogen and Harris hematoxylin was used 
as counterstain. Finally, the slides were dehydrated and 
mounted. Images were captured using a Leica micro-
scope. Image-J software (version 6.0, Rockville, MD, 
USA) was used to evaluate the area and integrated opti-
cal density (IOD) values of the stained areas of the IHC 
sections.

Statistical analysis
This study analyzed the expression of HMMR in non-
paired and paired samples by applying Shapiro–Wilk 
normality test and Wilcoxon rank-sum. The Dunn, s test, 
Kruskal–Wallis Test and Shapiro–Wilk normality test 
were used to analyze the correlations between the clini-
cal  characteristics  and HMMR and RRM2 expression. 
OS, DSS and PFI curves were established  by using the 

Kaplan–Meier method between the two groups via the 
log-rank test. Univariate and multivariate Cox regression 
analyses of clinical variables were performed to screen 
for significant prognostic factors to build a nomogram. 
Statistical analyses were carried out using R (version 
3.6.3).

Results
The expression of HMMR in gliomas
Firstly, We found that HMMR was highly expressed in 
gliomas by the analysis of the pan-cancer RNA-seq data 
from TCGA (Fig. 2A). To further study the expression of 
HMMR, we compared the expression level of HHMR in 
glioma and normal tissues The expression level of HHMR 
in glioma was significantly higher than that in normal tis-
sues  (p < 0.01; Fig.  2B). Receiver operating characteristic 
curve (ROC) analysis was applied to evaluate the effec-
tiveness of HMMR mRNA expression level to distinguish 
gliomas from normal tissues, which estimated AUC at 
0.937 (95% CI: 0.926–0.948; Fig. 2C). It is well known that 
prognosis of glioma is closely related to WHO grading, 
IDH, age, and chromosome 1p/19q. High HMMR expres-
sion was closely associated with high grade of WHO 
(Fig. 2D), age > 60 years (Fig. 2E), IDH wild type (Fig. 2F) 
and intact 1p /19q (Fig. 2G). We also found that immuno-
histochemical analysis of HMMR was positive in gliomas 
and significantly highly expressed in grade 4 (G4), while 
negative in normal tissues (Fig. 2H).

The prognostic significance of HMMR in gliomas patients
In this study, clinical information of 696 glioma patients 
was obtained from TCGA database, including age, gen-
der, WHO grade, IDH status, 1p/19q codeletion, over-
all survival (OS) event, disease specific survival (DSS) 
event, progress free interval (PFI) event (Table  1). We 
analyzed clinical variables by univariate and multivari-
ate COX regression (Table  2). Compared with HMMR 
low expression group, HMMR high expression group 
had worse OS (HR = 4.34(3.26–5.78), log-rank P < 0.001), 
DSS (HR = 4.68(3.45–6.35), log-rank P < 0.001) and PFI 
(HR = 3.01(2.40–3.77), log-rank P < 0.001) by the Kaplan–
Meier method with a two-sided log-rank test (Fig. 3A-C). 
A nomogram of OS was established based on HHMER 
and other clinical variables (age, WHO grade, IDH status, 
1p/19q codeletion) (Fig. 3D). Harrell’s concordance index 
(C-index = 0.850(0.839–0.861)) and a calibration curve 
(Fig. 3E) were formulated to evaluate the discrimination 
and calibration of the nomogram.

To further validate the prognostic value of HMMR 
mRNA expression in gliomas, we included the 
mRNAseq_693 dataset from the CGGA database for 
analysis. A total of 693 patients were included in the 
analysis and detailed clinicopathological features were 

http://mirwalk.umm.uni-heidelberg.de/
http://mirwalk.umm.uni-heidelberg.de/
https://starbase.sysu.edu.cn/
https://lncipedia.org/
https://lncipedia.org/
http://www.csbio.sjtu.edu.cn/bioinf/
http://www.csbio.sjtu.edu.cn/bioinf/
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Fig. 2 Expression patterns of HMMR mRNA in gliomas. A HMMR expression levels in different tumor types from TCGA database. B HMMR mRNA 
expression was significantly upregulated in gliomas tissues compared to normal tissues. C Diagnostic value of HMMR expression in gliomas. D‑G 
The association of HMMR expression with WHO grade (D), age (E), IDH status (F), and 1p/19q codeletion (G) in gliomas from TCGA database. H 
HMMR protein expression in gliomas tissues determined (cerebral cortex image was obtained from HPA).*p < 0.05, **p < 0.01, ***p < 0.001
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shown in Table 1. Survival analysis showed that the high 
HMMR was associated with worse OS (HR = 2.21(1.80–
2.71), log-rank P < 0.001) (Fig. 4A). High mRNA expres-
sion of HMMR was closely associated with high grade 
of WHO (Fig. 4B), IDH wild type (Fig. 4C) and intact 1p 
/19q (Fig. 4D). Univariate and multivariate COX regres-
sion analyses similarly demonstrated that HMMR was 
an independent prognostic factor for glioma (Table S1). 
Then, a nomogram of OS was created to incorporate 
HMMR and other prognostic variables (age, WHO grade, 
IDH status, 1p/19q codeletion) (Fig. 4E) with a Cindex of 
0.755 (Fig. 4F).

Functional enrichment analysis for high and low HMMR 
expression in gliomas patients
We analyzed the DEmRNAs in high and low HMMR 
expression gliomas samples to further explore the poten-
tial mechanisms of HMMR that lead to gliomas pro-
gression. The results that were shown in a Volcano Plot 

(Fig. 5A) and heat-map (Fig. 5B) identified a total of 412 
DEmRNAs, of which 373 were highly expressed and 39 
were low expressed based on HMMR expression (Fur-
ther detailed information were provided in Table S2). 
For DEmRNAs, we conducted enrichment analysis of 
the biological process (BF), cellular component (CC) 
and molecular function (MF) and kyoto encyclopedia of 
genes and genomes (KEEG)(Further detailed information 
were provided in Table S3). Significant results of enrich-
ment analysis are shown in Fig.  5C-F. Additionally, we 
identified the key pathways associated with HMMR by a 
GSEA analysis,which found that 266 data sets satisfified 
the criteria of an adjusted P-value < 0.05 and FDR < 0.05 
(Further detailed information were provided in Table 
S4). The top 9 most significant enrichment pathways 
are extracellular matrix organization (Fig.  6A), m-phase 
(Fig.  6B), neutrophil degranulation (Fig.  6C), signaling 
by interleukins (Fig.  6D), signaling by nuclear recep-
tors (Fig.  6E), signaling by RHO GTPases (Fig.  6F), cell 

Table 1 Association of HMMR expression and demographic and clinical characteristics in patients with gliomas

OS Overall survival, DSS Disease specific survival, PFI Progress free interval

Characteristic TCGA CGGA 

Low High p Low High p

n 348 348 346 347

Gender, n (%) 0.592 0.668

 Female 153 (22%) 145 (20.8%) 144 (20.8%) 151 (21.8%)

 Male 195 (28%) 203 (29.2%) 202 (29.1%) 196 (28.3%)

Age, meidan (IQR) 40 (32, 51) 53 (38, 63)  < 0.001 42 (34, 50.75) 43 (34.25, 53) 0.246

Age, n (%)  < 0.001 0.21

  <  = 60 312 (44.8%) 241 (34.6%) 316 (45.7%) 305 (44.1%)

  > 60 36 (5.2%) 107 (15.4%) 30 (4.3%) 41 (5.9%)

WHO grade, n (%)  < 0.001  < 0.001
 G2 182 (28.7%) 42 (6.6%) 129 (18.6%) 59 (8.5%)

 G3 115 (18.1%) 128 (20.2%) 132 (19.1%) 123 (17.8%)

 G4 9 (1.4%) 159 (25%) 85 (12.3%) 164 (23.7%)

IDH status, n (%)  < 0.001 0.006
 WT 45 (6.6%) 201 (29.3%) 114 (17.8%) 172 (26.8%)

 Mut 300 (43.7%) 140 (20.4%) 182 (28.3%) 174 (27.1%)

1p/19q codeletion, n (%)  < 0.001 0.134
 codel 121 (17.6%) 50 (7.3%) 74 (11.9%) 71 (11.4%)

 non-codel 226 (32.8%) 292 (42.4%) 208 (33.4%) 270 (43.3%)

OS event, n (%)  < 0.001  < 0.001
 Alive 287 (41.2%) 137 (19.7%) 175 (26.4%) 91 (13.7%)

 Dead 61 (8.8%) 211 (30.3%) 156 (23.5%) 241 (36.3%)

DSS event, n (%)  < 0.001
 Alive 288 (42.7%) 143 (21.2%)

 Dead 53 (7.9%) 191 (28.3%)

PFI event, n (%)  < 0.001
 Alive 237 (34.1%) 113 (16.2%)

 Dead 111 (15.9%) 235 (33.8%)
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cycle checkpoints (Fig. 6G), DNA repair (Fig. 6H), RHO 
GTPase effectors (Fig. 6I).

Correlation of HHMR expression level with immune cell 
infiltration in gliomas
One study suggested that HMMR may participate in 
tumor immune response while promoting the progres-
sion of head and neck squamous cell carcinoma. To 
further study the relationship between HHMER and glio-
mas progression, we analyzed the relationship between 
HMMR mRNA expression and immune cells infiltra-
tion level in glioma samples by ssGSEA. The correlation 
between immune cell infiltration and HMMR mRNA 
expression was shown in Fig.  7A. Th2 cells (R = 0.856, 
p < 0.01, Fig.  7B), Macrophages (R = 0.356, p < 0.01, 
Fig. 7C) and aDC (R = 0.301, p < 0.01, Fig. 7D) were sig-
nificantly positively correlated with HMMR mRNA 
expression, while pDC (R = -0.354, p < 0.01, Fig. 7E), NK 
CD56 bright cells (R = -0.332, p < 0.01, Fig. 7F) and TFH 
(R = -0.304, p < 0.01, Fig.  7G) were significantly nega-
tively correlated. To verify the above results, we found 
that Dendritic cell (R = 0.118, p = 0.0157, Fig.  7J) were 
positively correlated with HMMR mRNA expression 
and Neutrophil (R = 0.03, p = 0.544, Fig.  7I), CD8 + T 
cell (R = -0.086, p = 0.0781, Fig.  7H)  had no significant 
correlationship with HMMR mRNA expression through 
TIMER software analysis.

Construction of the lncRNA‑miRNA‑mRNA triple regulatory 
network
The lncRNA-miRNA-mRNA triple regulatory network 
connected to HMMR could be employed as a potential 
prognostic model for glioma patients, according to the 
above findings. We did a joint study in the high and low 
HMMR expression groups, as well as in gliomas and con-
trol groups from GSE4290, to establish the network in 
gliomas. First, according to the p < 0.05 and |log2FC|> 2, 
525 DEmRNAs were screened from GSE4290 dataset 
including 105 were upregulated and 420 were downregu-
lated (Fig.  8A) (Further detailed information were pro-
vided in Table S5). A total 41 DEmRNAs were overlapped 
between high and low HMMR expression groups and 
GSE4290 (Fig.  8B) (Further detailed information were 
provided in Table S6). Enrichment analysis of 41 DEm-
RNAs were shown in Fig. 8C (Further detailed informa-
tion were provided in Table S7). DEmRNAs-miRNA 
analysis was performed by using miRWalk 2.0 software. 
The crosslinked miRNAs were selected by miRWalk and 
TargetScan databases to ensure the accuracy and reliabil-
ity of the results. Seventeen DEmRNAs and 32 potential 
miRNA were mined and constructed network (Fig.  8D)
(Further detailed information were provided in Table S8).

Then, according to the p < 0.05 and |log2FC|> 0.5, 88 
DEmiRNAs were screened based on HMMR expres-
sion including 43 were upregulated and 45 were 

Table 2 Univariate and multivariate analysis of demographic and clinical characteristics that correlate with OS of gliomas patients 
(TCGA database)

Characteristics Total(N) Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

WHO grade 634

 G2 223 Reference

 G3 243 2.999 (2.007–4.480)  < 0.001 1.694 (1.088–2.636) 0.020
 G4 168 18.615 (12.460–27.812)  < 0.001 3.802 (2.200–6.569)  < 0.001
1p/19q codeletion 688

 codel 170 Reference

 non-codel 518 4.428 (2.885–6.799)  < 0.001 1.486 (0.900–2.455) 0.122

Age 695

  <  = 60 552 Reference

  > 60 143 4.668 (3.598–6.056)  < 0.001 1.530 (1.124–2.081) 0.007
Gender 695

 Female 297 Reference

 Male 398 1.262 (0.988–1.610) 0.062 1.213 (0.923–1.595) 0.166

IDH status 685

 WT 246 Reference

 Mut 439 0.117 (0.090–0.152)  < 0.001 0.314 (0.209–0.473)  < 0.001
HMMR 695

 Low 348 Reference

 High 347 4.344 (3.264–5.780)  < 0.001 1.650 (1.147–2.372) 0.007
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downregulated (Fig.  9A) (Further detailed information 
were provided in Table S9). Two miRNAs (hsa-let-7i-5p 
and hsa-miR-130a-3p) were overlapped between 88 
DEmiRNAs and 32 potential miRNAs (Fig.  9B). Poten-
tial 227 lncRNAs interacted with 2 overlapped DEmiR-
NAs were screened in Starbase and constructed network 
(Fig. 9C).

In addition, according to the p < 0.05 and |log2FC|> 1, 
1275 DElncRNAs were screened based on HMMR 
expression including 769 were upregulated and 506 were 
downregulated (Fig.  9D) (Further detailed information 
were provided in Table S10). Fourteen lncRNAs were 
overlapped between 1275 DEmiRNAs and 227 potential 
lncRNAs (Fig. 9E). Finally, 14 DElncRNAs, 2 DEmiRNAs, 
and 4 DEmRNAs were screened to construct triple regu-
latory network (Fig. 9F).

Construction of ceRNA network
We performed OS study of gliomas patients using 
Kaplan–Meier analysis and a log-rank test to see if these 
RNAs were connected with prognosis. Survival analysis 

was performed on 10 lncRNAs (AL359924.1, HOTAIR, 
TMEM132D-AS1, and AC239868.1 could not be ana-
lyzed because the number of zeros in the sequence-data 
was more than half ), and high levels of AC084117.1, 
LINC02432, HOXA11-AS, HELLPAR, H19, and 
AL021392.1 were related to poor prognosis of gliomas 
patients (Fig. 10A). All 2 miRNA (Fig. 10B) and 4 mRNA 
(Fig. 10C) were related to prognosis.

Furthermore, because lncRNA cellular location deter-
mines the underlying mechanisms, we used the lncLo-
cator to examine the subcellular localization of the 6 
lncRNAs. As shown in Fig. 11A, HELLPAR, LINC02432, 
and HOXA11-AS were mainly located in the cytoplasm. 
Correlation analysis shown HELLPAR had the highest 
correlation coefficient with HMMR (Fig.  11B) among 
the three lncRNAs and RRM2 had had the highest cor-
relation coefficient with HMMR (Fig.  11C) among the 
four DEmRNAs. Meanwhile, the correlation coefficient 
between HELLPAR and RRM2 exceeded 0.7 (Fig. 11D).

These findings suggest that HELLPAR acts as a ceRNA 
to increase RRM2 expression by sponging hsa-let-7i-5p. 

Fig. 3 High expression of HMMR indicates poor survival in patients with gliomas from TCGA database. A‑C Kaplan–Meier survival curve analysis 
of overall survival(OS) (A), disease specific survival(DSS) (B) and progress free interval(PFI) (C) showed that high HMMR expression correlated to 
poor prognosis of gliomas patients from TCGA database. D A nomogram that integrates HMMR and other prognostic factors in gliomas from TCGA 
database. E The calibration curve of the nomogram
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Fig. 4 High expression of HMMR indicates poor survival in patients with gliomas from CGGA database. A Kaplan–Meier survival curve analysis of 
overall survival(OS) showed that high HMMR expression correlated to poor prognosis of gliomas patients from CGGA database. B‑D The association 
of HMMR expression with WHO grade (B), IDH status (C), and 1p/19q codeletion (D) in gliomas from CGGA database. E A nomogram that integrates 
HMMR and other prognostic factors in gliomas from CGGA database. F The calibration curve of the nomogram.*p < 0.05, **p < 0.01, ***p < 0.001
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Fig. 5 Functional enrichment analysis for HMMR expression in gliomas patients from TCGA database. A Volcano Plot of differentially expressed 
genes (DEGs) screened based on HMMR expression. B The top 20 positively correlated genes and the top 20 negatively correlated genes 
cotranscript with HMMR in gliomas. C‑E Enrichment analysis showed the biological processes(BP) (C), cellular components(CC) (D), molecular 
function(MF) (E) and KEGG pathway analysis (F) of DEGs screened based on HMMR expression. *p < 0.05, **p < 0.01, ***p < 0.001
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Fig. 6 GSEA enrichment analysis results. extracellular matrix organization (A), m-phase (B), neutrophil degranulation (C), signaling by interleukins 
(D), signaling by nuclear receptors (E), signaling by RHO GTPases (F), cell cycle checkpoints (G), DNA repair (H), RHO GTPase effectors (I). were 
enriched mainly in HMMR-related gliomas. NES, normalized enrichment score; FDR, false discovery rate

Fig. 7 Association analysis of HMMR expression and immune infiltration in gliomas patients. A The association between HMMR expression and 24 
tumor-infiltrating lymphocytes. B‑D The positive correlation of HMMR expression with immune infiltration level of Th2 cells (B), macrophages (C), 
and aDC (D). E–G The negative correlation of HMMR expression with immune infiltration level of pDC cells (E), NK CD56 bright cells (F), and TFH 
(G). H‑J Dendritic cell (J) was positively correlated with HMMR expression and CD8 + T cell (H), Neutrophil (I) had no significant correlationship with 
HMMR expression through TIMER software analysis

(See figure on next page.)
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Fig. 7 (See legend on previous page.)
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Fig. 8 Identification of differentially expressed genes (DEGs) in GSE4290 and potential DEGs-miRNA network. A Volcano Plot of differentially 
expressed genes (DEGs) screened between gliomas and control samples from GSE4290. B Venn diagram of DEGs based on HMMR expression and 
GSE4290. C Enrichment analysis of overlapped DEGs. D Interaction network between overlapped DEGs and its targeted miRNAs. The ellipses denote 
miRNAs, rectangles denote mRNAs
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Thus, a HELLPAR-hsa-let-7i-5p-5p-RRM2 ceRNA net-
work was constructed (Fig.  12A). StarBase anticipated 
that the target sites in the HELLPAR and RRM2 would 
pair with hsa-let-7i-5p (Fig. 12B).

The prognostic significance of RRM2 in gliomas patients
RRM2 exhibited distinct expression profiles in vari-
ous tumors and was significantly upregulated in 
gliomas (Fig.  12C,D). The effectiveness of RRM2 
in differentiating gliomas from normal tissues was 
assessed by ROC analysis, with an estimated AUC of 
0.971 (95% CI: 0.962–0.979; Fig.  12E). The immuno-
histochemical analysis of RRM2 was positive in glio-
mas, but negative in normal tissues (Fig.  12F). High 
RRM2 mRNA expression had a significant correlation 
with higher WHO grade, IDH wild type, non-codel of 
1p19q, and advanced age (Fig. 13A, B). Compared with 
RRM2 low expression group, RRM2 high expression 
group had worse OS, DSS, and PFI from TCGA data-
base (Fig.  13C), and worse OS from CGGA database 
(Fig.  13D). Time-dependent ROC analysis of RRM2 
expression in gliomas patients suggusted that RRM2 
could well predict the prognosis of gliomas patients at 

1, 3 and 5 years (Fig. 13C, D). Furthermore, multivari-
ate COX hazard regression analysis demonstrated that 
high RRM2 expression was an independent predictive 
factor for OS (Table S11).

Enrichment analysis of the correlated genes (correla-
tion coefficient over 0.8) of RRM2 in gliomas were also 
performed (Fig.  13E) (Further detailed information 
were provided in Table S12 and S13).

The prognostic significance of HELLPAR in gliomas patients
High HELLPAR expression level had a significant cor-
relation with higher WHO grade, IDH wild type, non-
codel of 1p19q, and advanced age (Fig. S1A). Compared 
with low expression group, HELLPAR high expres-
sion group had worse OS, DSS, and PFI from TCGA 
database (Fig. S1B). A time-dependent ROC analysis 
of HELLPAR expression in glioma patients suggested 
that HELLPAR may accurately predict glioma patients’ 
prognosis at 1, 3, and 5 years (Fig. S1B). Furthermore, 
multivariate cox hazard regression analysis demon-
strated that elevated HELLPAR expression was an inde-
pendent predictive predictor for OS (Table S14).

Fig. 9 Triple regulatory network of overlapped differentially expresseddifferentially expressed lncRNAs (DELs), differentially expresseddifferentially 
expressed miRNAs (DEMs), and differentially expresseddifferentially expressed genes (DEGs). A Volcano Plot of DEMs screened based on HMMR 
expression. B Venn diagram of DEMs based on HMMR expression and overlapped DEGs’ targeted miRNAs. (C) Interaction network between 
overlapped DEMs and its targeted lncRNAs. D Volcano Plot of DELs screened based on HMMR expression. E Venn diagram of DELs based on HMMR 
expression and overlapped DEMs’ targeted lncRNAs. F Triple regulatory network of overlapped DELs, DEMs, and DEGs. The ellipses denote miRNAs, 
rectangles denote mRNAs, and diamonds denote lncRNAs
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Fig. 10 Overall survival analysis for the lncRNAs (A), miRNAs (B), and mRNA (C) in the triple regulatory network
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Fig. 11 Hub lncRNA and mRNA selection. A The cellular localization of six lncRNAs was predicting by lncLocator, HELLPAR, LINC02432 and 
HOXA11-AS were mainly located in cytoplasm. B Correlation analysis between three lncRNAs and HMMR, the r between HELLPAR and HMMR was 
close to 0.7. C Correlation analysis between four mRNA and HMMR, the r between RRM2 and HMMR exceeded 0.9. D Correlation analysis between 
three lncRNAs and RRM2, the r between HELLPAR and RRM2 exceeded 0.7
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Discussion
Gliomas is the most common malignancy of the CNS, 
and more than half of gliomas are detected at an advanced 
stage, accompanied by rapid malignant progression, result-
ing in poor prognosis and high mortality [49, 50]. Early 
diagnosis and effective treatment of gliomas patients can 
improve their prognosis and survival. As a result, early 
detection and identification of glioma growth, as well as the 
discovery of new treatment targets and the development 
of new therapeutic techniques, are critical [51, 52]. The 
rapid development of sequencing and omics technologies 
in recent years has given researchers greater opportunity 
to learn more about the pathophysiology of gliomas and 
to investigate diagnostic and therapeutic targets [53–55]. 
Previous research has linked high HMMR expression to a 
bad prognosis in a variety of malignancies, such as breast, 
colorectal, gastric, endometrial, prostate, and multiple 
myeloma [56–61]. Furthermore, these investigations imply 
that HMMR is linked to tumor growth and metastasis. 
Several human malignancies, including lung cancer, breast 
cancer, and hepatocellular carcinoma, have been revealed 
to contain ceRNA regulatory networks implicated in their 
genesis and progression [62–64]. However, the prognostic 
usefulness of HMMR in gliomas has not been thoroughly 
examined, and just a few research have focused on the inte-
grated ceRNA regulation network as a means of predicting 
glioma prognosis.

In this study, first, we comprehensively analyzed the 
expression of HMMR in pan-cancer using bioinformatics 
and multiple databases, and found that HMMR is abnor-
mally expressed in most cancers including gliomas, which 
is consistent with current literature reports [14, 65, 66]. 
The expression of HMMR was significantly increased in 
gliomas and was significantly associated with high-grade 
gliomas, advanced age, wild-type IDH and non-codeletion 
of 1p19q suggesting that HMMR might associated with 
gliomas disease progression. Meanwhile, HMMR was a 
useful glioma diagnostic marker, and its AUC was 0.937. 
HMMR was found to be an independent risk factor for 
glioma prognosis in both univariate and multivariate Cox 
regression analyses. Because HMMR expression was a 
powerful predictive predictor, we created a nomogram 
that combined HMMR expression and clinical data, and 
the nomogram predicted 1-, 3-, and 5-year OS in glioma 
patients more correctly. In addition, an increasing num-
ber of studies have discovered that immune cells play a 
significant function in the tumor microenvironment and 

play a role in tumor formation and development [67–69]. 
By performing immune infiltration analysis by the ssGSEA 
method, we discovered a link between HMMR expres-
sion and immune infiltration in gliomas, which supports 
the findings of the current study [70–73]. We investigated 
DEmRNAs in high and low HMMR expressing gliomas 
samples and performed functional enrichment analysis to 
fully understand the function of HMMR in gliomas. It was 
found that HMMR may be involved in glioma through cell 
cycle pathways, nuclear division, and other pathway. The 
result of GSEA revealed that HMMR may be related to the 
extracellular matrix organization pathway, m-phase path-
way, and cell cycle checkpoints pathway. HMMR has also 
been implicated in a variety of biological functions, includ-
ing cell proliferation, cycle control, migration, and invasion, 
according to previous research [74–77]. To characterize 
the level of immune infiltration in gliomas, we assessed the 
association between HMMR and immune cell populations 
based on transcriptomic data. The results showed that the 
expression of HMMR was closely related to immune infil-
tration, with the most positive correlation with Th2 cells, 
macrophages, and aDC, and the most negative correlation 
with pDC cells, NK CD56bright cells, and TFH. These find-
ings suggested that HMMR might play an important role in 
regulating immune functions in gliomas.

Considering the important role of HMMR in predicting 
gliomas prognosis and the potentially important role of 
ceRNA network in gliomas disease progression. Then, we 
constructed a HMMR-related ceRNA network. Combined 
analysis of DEmRNA from HMMR expression group and 
GSE4290 resulted in 41 overlapped of DEmRNAs. The 
enrichment analysis of these 41 DEmRNAs found that the 
cell cycle and mitotic pathways were enriched which con-
sisted with previous results. Potential interaction miRNAs 
and lncRNAs were predicted by miRWalk and StarBase, 
respectively. After analyzed with DEmiRNAs and DElncR-
NAs, a total 4 mRNAs, 2 miRNAs, and 14 lncRNAs were 
selected to construct triple regulatory network. This triple 
regulatory network was also subjected to a survival analy-
sis. We also performed subcellular localization analysis of 
the lncRNAs in the network because the interactions in the 
ceRNA network exist solely in the cytoplasm. Finally, com-
bined the results of correlation analysis, the HELLPAR-
hsa-let-7i-5p-RRM2 overexpressed ceRNA network was 
obtained. Further analysis indicated RRM2 expression was 
shown to be considerably higher in giomas and high RRM2 

(See figure on next page.)
Fig. 12 Construction of the ceRNA network and relationship between RRM2 expression and gliomas. A Schematic model of ceRNA 
(HELLPAR-hsa-let-7i-5p-RRM2). B Base pairing between hsa-let-7i-5p, HELLPAR and RRM2 were predicted by StarBase. C RRM2 expression levels 
in different tumor types from TCGA and GTEx database. D RRM2 mRNA expression was significantly upregulated in gliomas tissues compared to 
normal tissues. E Diagnostic value of RRM2 expression in gliomas. F RRM2 protein expression in gliomas tissues determined using HPA. ***p < 0.001, 
ns, no statistical difference
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Fig. 12 (See legend on previous page.)
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Fig. 13 The association of RRM2 expression with WHO grade, IDH statu, 1p/19q codeletion, and age in gliomas from TCGA database (A) and 
CGGA database (B). Kaplan–Meier survival curve analysis and time-dependent ROC analysis showed that high RRM2 expression correlated to poor 
prognosis of gliomas patients from TCGA database (C) and CGGA database (D). Enrichment analysis of the correlated genes of RRM2 in gliomas 
including biological processes (BP), cellular components (CC), molecular function (MF) and KEGG pathway analysis (E)
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and HELLPAR expression were linked to a poor outcome 
in survival analysis..

Ribonucleotide reductase (RNR) is a key enzyme in 
DNA synthesis and has two subunits, ribonucleotide 
reductase subunits M1 and 2 (RRM1, RRM2) [78]. In pro-
liferating cells, the RRM1-RRM2 holoenzyme supplies 
deoxyribonucleoside triphosphates (dNTPs) for nuclear 
DNA replication and repair in S-phase, as well as dNTPs 
for mitochondrial DNA replication and repair [79, 80]. 
RRM2 is commonly expressed in cancer, and it is thought 
to be an oncogene and a potential cancer treatment tar-
get [81, 82]. Gandhi et al. found the YBX1-RRM2-TYMS-
TK1 axis, which governed nucleotide metabolism, could 
be modulated by lincNMR to control tumor cell growth 
[83]. Xie et al. reported miR-520a could inhibit lung can-
cer progression through suppressing RRM2 expression 
and Wnt signaling pathway activation [84]. In glioma dis-
ease, RRM2 can promote human glioblastoma cell pro-
liferation, migration and invasion and RRM2 expression 
controlled by BRCA1 can protect glioblastoma cells from 
endogenous replication stress while also increasing tum-
origenicity [85, 86]. At the same time, through the func-
tional enrichment analysis of RRM2-related genes, we 
found that cell cycle, nuclear division, and mitosis path-
way were significantly enriched, suggesting that RRM2 
may be involved in glioma tumorigenesis and progres-
sion by regulating cell proliferation, which is consistent 
with the current RRM2 function. Given that this result 
was consistent with previous enrichment analyses, we 
speculated that the HMMR and RRM2 were involved in 
glioma disease progression by regulating cell cycle and 
proliferation.

MicroRNAs can control gene expression by recogniz-
ing homologous sequences and interfering with tran-
scription, translation, and epigenetic processes. The 
regulatory role of miRNAs on tumors has been con-
firmed by many studies [87, 88]. Yang et  al. found the 
HDAC6-hsa-let-7i-5p-TSP1 pathway can regulate neo-
plastic and antiphagocytic behaviors of hepatocellu-
lar carcinoma [89]. Liu et  al. performed bioinformatics 
analysis and concluded that hsa-let-7i-5p functions as 
a tumor promoter in clear cell renal cell carcinoma and 
facilitates cell proliferation, migration and invasion by 
targeting HABP4 [90]. And GALE can be regulated by 
hsa-let-7i-5p to inhibit human glioblastoma growth [91]. 
However, whether hsa-let-7i-5p participates in the devel-
opment of gliomas by regulating RRM2 still needs fur-
ther research to confirm.

Although studies have shown that HELLPAR affects 
the transition of the extravillous trophoblast (EVT) from 
a proliferative to an invasive state, the role of HELLPAR 
in glioma has not been reported and further experiments 
are needed to verify its specific function [92, 93].

This study also has several limitations. First, most of 
the data used for the analysis were mined from public 
databases and validated in in vitro experiments; however, 
some results may require further validation in future 
studies. Second, limited by the difficulty of obtaining nor-
mal brain tissue, the GSE4290 dataset analyzed the brain 
tissue of epilepsy patients as a control group, and the 
immunohistochemical images of normal cerebral cor-
tex tissue were obtained from HPA, which may have an 
impact on the results. Third, the binding affinity of lncR-
NAs, miRNAs, and mRNAs retrieved from the database 
should be studied further in the lab. Finally, we need to 
further study the function and mechanism of HMMR and 
theHELLPAR/ RRM2 axis in gliomas by experiments.

Conclusion
In conclusion, this study provides multi-layered and 
multifaceted evidence for the importance of HMMR in 
gliomas and establishes a HMMR related ceRNA (HEEL-
PAR-hsa-let-7i-5p-RRM2) overexpressed network of gli-
omas, which is better for understanding the link among 
lncRNA-miRNA-mRNA. These findings suggest poten-
tial targets for gliomas treatment.
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