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INTRODUCTION 
 

Chordomas are rare, malignant, primary bone tumors, 

with an incidence of approximately 0.1/100,000/year [1]. 

They originate from remnants of the embryologic 

notochord, with the most common sites being the sacrum 

(50-60%), clivus region of the skull base (25-35%), and 

cervical and thoracolumbar vertebrae (15%) [2]. The 

standard treatment for chordoma is maximum surgical 

resection. However, local recurrence and metastasis can 

occur after surgical resection, and current radiotherapy 

and chemotherapeutic protocols are largely ineffective 

[3–5]. Advances in targeted molecular therapy may offer 

new treatment options for chordoma patients [6–9]. 
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ABSTRACT 
 

Chordoma is a rare bone cancer originating from embryologic notochordal remnants. Clival chordomas show 
different dural penetration ability, with serious dural penetration exhibiting poorer prognosis. The molecular 
mechanism of dural penetration is not clear. We analyzed lncRNA and mRNA profiles in 12 chordoma 
patients with different degrees of dural penetration using expression microarrays. The differentially 
expressed lncRNAs and mRNAs were used to construct a lncRNA-mRNA co-expression network. LncRNAs 
were classified into lincRNA, enhancer-like lncRNA, or antisense lncRNA. Biological functions for lncRNAs 
were predicted according to the lncRNA-mRNA network and adjacent coding genes by pathway analysis. The 
2760 lncRNAs and 3988 mRNAs were differentially expressed in chordomas between two groups of patients 
with and without dural penetration. Possible pathway involvement of the significance among the 55 lncRNAs 
located in the lncRNA-mRNA network, 24 lincRNAs, 7 enhancer-like lncRNAs, and 14 antisense lncRNAs 
include cell adhesion, metastasis, invasion, proliferation, and apoptosis. Expression of 10 lncRNAs and 
mRNAs, and epidermal growth factor mRNA with two identified lncRNAs were subsequently verified by qRT-
PCR in chordoma tissues. Our report predicts the biological functions of many lncRNAs which may be used as 
diagnostic and prognostic biomarkers as well as therapeutic targets during the process of dural penetration 
in chordoma. 
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Chordomas are characterized as being aggressive and 

locally invasive, and clivus chordomas have different 

degrees of dural penetration. Some tumors severely 

penetrate the dura mater, with little bone invasion, while 

others show little or no dura mater penetration with 

extensive skull base bone invasion. Our previous study 

showed chordoma patients with serious dural 

penetration have poorer prognosis and patients without 

dural penetration have longer overall survival and 

progressive-free survival [10]. 

 

Long non-coding RNAs (lncRNAs) are greater than 200 

nucleotides in length and regulate gene expression at 

transcriptional and post-transcriptional levels [11, 12]. 

Transcriptional patterns and locations in the genome of 

lncRNAs are complex. Based on their locations relative 

to protein-coding genes, lncRNAs are roughly classified 

as intergenic (between genes), intragenic/intronic (within 

genes), and antisense [13]. Large intergenic non-coding 

RNAs (lincRNAs) are emerging as key regulators of 

diverse cellular processes as previously identified [14]. 
Enhancer-like lncRNAs are also intergenic lncRNAs 

and locate in the enhancer region of the genome, and 

which can activate the transcription of adjacent genes 

[15]. Antisense lncRNAs have been shown to regulate 

the corresponding sense coding gene at the 

transcriptional or post-transcriptional level, which can 

exert biological functions [16]. 

 

LncRNAs participate in various aspects of cell biology, 

including cell proliferation, apoptosis, differentiation, 

invasion and metastasis, and are commonly dysregulated 

in multiple types of cancers [17]. Recent research related 

to chordoma demonstrated that differential regulation of 

lncRNA expression correlated with the expression 

changes in protein coding genes, which indicates a 

comprehensive lncRNA-coding gene co-expression 

network. For example, one study revealed that lncRNA 

MEG3 contributes to the pathogenesis of chordoma 

development by regulating imprinted gene DLK1 [18]. 

Moreover, lncRNA LOC554202 may modulate 

chordoma cell proliferation and invasion by recruiting 

EZH2 and regulating miR-31 expression [19]. However, 

the functional significance of lncRNAs to dural 

penetration of chordoma is not yet clear. 

 

In the present study, we identified differentially 

expressed lncRNAs and gene expression profiles of 

chordomas with varying degrees of dural penetration 

and constructed lncRNA-gene co-expression networks 

to reveal the functional role of lncRNAs in regulating 

dural penetration of clivus chordoma. Among the top 

differentially expressed lncRNAs, we identified 

lincRNA, antisense lncRNA, and enhancer lncRNA 

which may contribute to the dural penetration biological 

processes in chordoma. 

RESULTS 
 

Patient characteristics 

 

Twenty patients were enrolled in the study and were 

equally classified into no dural penetration group and 

serious dural penetration group. The tumor with no  

dural penetration demonstrated expansive growth, like a 

“bubble” in magnetic resonance imaging (MRI) and 

dural perforation was not found in surgical procedure 

(Figure 1A, 1B). In the chordomas samples with serious 

dural penetration, a bulge from the tumor into intracranial 

areas could be found in MRI, whereas dural perforation 

was found during the operation (Figure 1C, 1D). The 

patients’ demographic features were summarized in 

Table 1. The differences in age, sex and length of 

follow-up from surgery were not statistically significant 

between the two groups. However, the overall survival 

time and progression-free time were significantly 

differential, with poorer outcomes seen in the group with 

serious dural penetration (Figure 2A, 2B). 

 

Distinctive lncRNA and mRNA expression between 

no dural penetration and serious dural penetration 

of clival chordoma tissues 
 

We compared the lncRNA and mRNA expression 

patterns in the tissue samples between clival chordoma 

patients with no dural penetration (n = 6) and with 

serious dural penetration (n = 6). The 2760 lncRNAs 

and 3988 mRNAs were identified that had significantly 

differential expression in no dural penetration samples 

compared to serious dural penetration samples (fold 

change ≥ 2, P < 0.05, FDR < 0.05; Figure 3A; 

Supplementary Tables 1, 2). Of these 2760 lncRNAs, 

1773 were down-regulated while the rest 987 were  

up-regulated. Such differentiation signified their 

potential roles in dural penetration. The Hierarchical 

cluster analysis showed systematic variations in the 

expression of differential lncRNAs and mRNAs in the 

no dural penetration and serious dural penetration 

samples (Figure 3B). Thus, the lncRNA and mRNA 

expression signatures identified here were likely 

representative. 

 

To identify the characteristics of 2760 differentially 

expressed lncRNAs, we analyzed the genomic location 

of these lncRNAs. The gene loci of lncRNAs were 

found either between two coding genes (intergenic), 

overlapping exons or intron in sense or antisense 

orientation, and bidirectional (Figure 3C). Our results 

indicated that 56% differentially expressed lncRNAs 

were intergenic, 6% were bidirectional and the 

remaining were associated with known coding genes  

in a sense (11%) or antisense (27%) configuration 

(Figure 3D). 
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Construction of lncRNA-mRNA co-expression 

network and prediction of lncRNA diverse 

functional roles based on this network 
 

The lncRNA-mRNA co-expression network was 

constructed following the workflow shown in Figure 4. 

Based on the expression profiles of the differentially 

expressed lncRNAs and mRNAs between the no dural 

penetration and serious dural penetration chordoma 

samples, we constructed lncRNA-mRNA co-expression 

network (Supplementary Figure 1). All of the mRNAs 

and lncRNAs involved in the networks were shown in 

Supplementary Table 3. 

 

The identification of target genes is important for 

exploring the molecular mechanisms underlying 

lncRNAs function. The KEGG pathway analysis was 

applied to analyze the significant pathway of the altered 

3988 mRNAs. The pathway analysis revealed that there 

are 62 and 38 significant pathways corresponding to the 

up and down-regulated mRNAs respectively (P < 0.05, 

Supplementary Tables 4, 5). These significant pathways 

contained focal adhesion, PI3K-AKT signaling 

pathway, cell adhesion molecules (CAMs), apoptosis, 

MAPK signaling, etc, which play key roles in various 

biological processes of dural penetration in chordoma. 

 

According to the lncRNA-mRNA co-expression 

network and pathway analysis five down-regulated 

pathways were identified, and they contributed to 

various cellular processes, including cell adhesion, 

migration, invasion, apoptosis and proliferation, and 

affected the dural penetration ability of chordoma cells 

(Figure 5A). The 27 mRNAs co-expressed with 55 

lncRNAs were involved in these five down-regulated 

pathways. Therefore, we predicted that those 55 

lncRNAs were involved in dural penetration of 

chordoma. The co-expression status of 55 lncRNAs and 

 

 
 

Figure 1. MRI of clival chordoma patients with no dural penetration and with serious dural penetration. (A, B) Same chordoma 
patient with no dural penetration, yellow arrows show the integrity of dura mater; (C, D) Same chordoma patient with serious dural 
penetration, yellow arrows show tumor penetrate the dura mater and invade into intracranial space. 
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Table 1. Patients’ demographic features, survival and recurrence information. 

 
No dural penetration Serious dural penetration P-value 

Sex (Male vs. Female) 40% vs. 60% 50% vs. 50% 0.65 

Age (mean ± SD) 46.6 ± 17.0 41.0 ± 17.9 0.48 

Follow-up period (months) (mean ± SD) 92.1 ± 24.9 64.0 ± 36.9 0.06 

Overall survival (months) (mean, 95%CI) 126.0, (110.0,142.0) 82.0, (51.5, 112.5) 0.03 

Progression-free survival (months) (mean, 95%CI) 83.6, (54.6, 112.6) 26.8 (9.5, 44.1) 0.01 

 

27 mRNAs were shown in the focal adhesion and ECM-

receptor interaction pathway (Figure 5B); the PI3K-

AKT signaling pathway (Figure 5C); the proteoglycans 

in cancer pathway (Figure 5D); the pathway in cancer 

(Figure 5E). Detailed descriptions of the 55 lncRNAs, 

27 mRNAs, and five pathways in which they 

participated were listed in Tables 2–5. 

 

Identification of the possible roles of lncRNAs based 

on genomic co-localization relative to protein coding 

genes 
 

To further explore the possible roles of differentially 

expressed lncRNAs during the process of dural 

penetration in chordoma patients, we analyzed their 

genomic locations and classified them into lincRNA, 

enhancer-like lncRNA or antisense lncRNA (Figure 4). 

Among the 2760 differential expressed lncRNAs 

between no dural penetration and serious dural 

penetration chordoma patients, 186 were due to 

lincRNAs, 109 were enhancer-like lncRNAs, and 143 

were antisense lncRNAs. In addition, their associated 

coding genes were significantly differential expressed in 

various degrees of dural penetration of chordoma 

samples (Supplementary Table 2). We combined 

differentially expressed lincRNAs and enhancer-like 

lncRNAs with their adjacent coding genes located 

within 300 kb in the genome to analyze the potential 

functions of these lncRNAs. All of these lncRNAs and 

associated mRNAs were shown in Supplementary 

Tables 6–8. 

 

LincRNAs are large intergenic non-coding RNA 

(Figure 6A). The functions of 186 lincRNAs were 

predicted through pathway analysis of their adjacent 

genes. The results indicated that 24 lincRNAs may 

regulate the expression of 22 genes which participate in 

three up-regulated and four down-regulated significant 

 

 
 

Figure 2. Kaplan-Meier survival analysis of chordoma patients. (A) Chordoma patients with serious dural penetration have shorter 
overall survival time than patients with no dural penetration (P = 0.03); (B) Chordoma patients with serious dural penetration have shorter 
progression-free survival time than patients with no dural penetration (P = 0.01). 
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pathways (Figure 6B, 6C). These pathways regulate 

tumor cell adhesion, invasion, metastasis and cell 

apoptosis in the process of dural penetration of 

chordoma (Figure 6D–6J). 

 

We then predicted the roles of enhancer-like lncRNAs 

(Figure 7A) in the dural penetration of chordoma. Of 

the 109 enhancer-like lncRNAs, 78 lncRNAs were 

selected with expression levels positively correlated 

with coding-gene expression. Therefore, the functions 

of 78 lncRNAs acting as enhancers were predicted 

through pathway analysis of 115 coding-genes. The 

results indicated that five coding-genes participated in 

seven down-regulated and one up-regulated pathways 

(Figure 7B, 7C). These pathways represent diverse 

tumor invasion processes, including cell adhesion, 

angiogenesis, proliferation and metastasis. These five 

coding-genes play a key role in tumor progression, and 

they tend to be involved in more than one signaling 

pathway. Consequently, we predicted that five 

 

 
 

Figure 3. LncRNA and mRNA expression profile changes between serious dural penetration and no-dural penetration in 
chordoma. (A) Volcano plot analysis of 2760 lncRNAs and 3988 mRNAs that are differentially expressed between no dural penetration 
group and serious dural penetration group; and red boxes represent ≥ 2-fold change difference and  P ≤ 0.05. (B) Hierarchical clustering of all 
samples revealed the nonrandom partitioning of samples into two major groups: one group containing six no dural penetration samples and 
another group containing six serious dural penetration samples. Each column represents one sample and each row represents one lncRNA or 
mRNA probe set. (C) Transcriptional patterns of lncRNAs. Nature antisense: the lncRNA is transcribed from the antisense strand and 
overlapping with a coding transcript; Intronic antisense: the lncRNA is transcribed from the antisense strand without sharing overlapping 
exons; Intron sense-overlapping: the lncRNA is overlapping the intron of a coding transcript on the same genomic strand; Exon sense-
overlapping: the lncRNA is overlapping the exon of a coding transcript on the same genomic strand; Intergenic: there are no overlapping or 
bidirectional coding genes nearby the lncRNA; Bidirectional: the lncRNA is oriented head to head to a coding gene within 1000 bp. Arrow 
represent transcription direction. (D) Subgroup analysis of altered lncRNAs in relation to their nearby coding genes. 
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Figure 4. Schematic overview of the workflow for construction of the lncRNA-mRNA co-expression network and prediction 
of the lncRNA biological function. 
 

 
 

Figure 5. Schematic overviews of possible signaling pathways in which the 55 lncRNAs in the lncRNA-mRNA co-expression 
network participated. (A) The pathway analysis applied for 28 mRNAs that were aberrantly expressed in different degree of dural 
penetration of chordoma and co-expressed with 55 lncRNAs showed 5 down-regulated pathways (P < 0.05). (B–E) Schematic overviews of the 
signaling pathways in which the 55 lncRNAs in the lncRNA-mRNA co-expression network probably participated. Red circles represent the 
location of 28 mRNAs predicted from co-expression network. Detailed descriptions of the lncRNAs and mRNAs are presented in Tables 1–4. 
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Table 2. Detailed descriptions of the lncRNAs and mRNAs in the ECM-receptor interaction and focal adhesion 
pathway. 

Number* Protein mRNA-lncRNA 

 ECM IBSP ↔ BC028842, XLOC_011172, AC002454.1, RP11-736K20.5, XLOC_011178, XLOC_000424 

 ECM SPP1 ↔ RP11-469A15.2 

 ITGB ITGB8 ↔ ANKRD30BP2, RP11-1C1.7 

 Crk CRK ↔ WDFY3-AS2, AC019068.2 

 Caveolin CAV1 ↔ PSORS1C3 

 GF VEGFA ↔ AC005013.5 

 RTK KDR ↔ XLOC_001338, AC005162.3 

* Represents the number in Figure 5B. 
 

Table 3. Detailed descriptions of the lncRNAs and mRNAs in the PIK3-AKT signaling pathway. 

Number* Protein mRNA-lncRNA 

 GF EFNA1 ↔ AX747547 

 Cytokine PRL ↔ U47924.27, EFCAB1, RP11-438D8.2, XLOC_006928, CTD-2501M5.1,  

 XLOC_004244, RP11-308B16.2, RP11-400N13.1, AC007682.1, RP11-254K3.1 

 ECM COL1A1 ↔ LINC00525 

 ECM COL6A3 ↔ AC004540.4 

 ITGA ITGA3 ↔ CTC-367J11.1, LOC441204, WDFY3-AS2, LINC00475, CSPG4P5 

 GPCR CHRM2 ↔ IPW 

 AKT AKT3 ↔ XLOC_010305, NOP14-AS1, RP11-72I8.1, KRT18P55 

* Represents the number in Figure 5C. 
 

Table 4. Detailed descriptions of the lncRNAs and mRNAs in the Proteoglycans in cancer pathway. 

Number* Protein mRNA-lncRNA 

 Ankyrin ANK3 ↔ FAM86DP, MIAT, LOC646719, RP1-60O19.2, AK123617 

 Tiam1 TIAM1 ↔ RP11-147L13.2 

 ROCK ROCK2 ↔ XLOC_007896, TPRG1-AS1, U73167.7, LDHA 

 Filamin FLNB ↔ CTA-313A17.5 

 FN FN1 ↔ TPTEP1, BC033241, U73167.7 

 α5β1 ITGA5 ↔ RP11-736K20.5 

 GPC1 GPC1 ↔ XLOC_010305, XLOC_001415, NOP14-AS1 

 Sdc-2 SDC2 ↔ LOC441204 

 MAPK MAPK12 ↔ AL078621.4 

* Represents the number in Figure 5D. 
 

Table 5. Detailed descriptions of the lncRNAs and mRNAs in the pathway in cancer. 

Number* Protein mRNA-lncRNA 

 ECM LAMA4 ↔ AK123617 

 Bcl-XL BCL2L1 ↔ TMEM191A 

 Frizzled FZD9 ↔ XLOC_000090, RP11-666A20.4 

 BMP BMP2 ↔ RP11-72I8.1 

 EGF EGF ↔ ABCC6P1, AL078621.4  

* Represents the number in Figure 5E. 
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enhancer-like lncRNAs, which were RP11-332M4.1, 

RP11-347K2.1, AC099342, RP4-764O22.1 and 

UNQ6494, play important roles in dural penetration of 

chordoma cell (Figure 7D–7G). 

 

Lastly, we analyzed 143 antisense lncRNAs, 63 of 

which are intronic antisense and 80 of which were 

natural antisense. Based on KEGG analysis, the 

biological roles of 15 antisense lncRNAs (four intronic 

antisense and 11 natural antisense) were predicted, and 

the results indicated that 14 coding-genes participated in 

nine down-regulated pathways and two up-regulated 

pathway (Figure 8A, 8B). These pathways are involved 

in tight junction, focal adhesion, cell migration and 

invasion, cell motility and proliferation and apoptosis 

(Figure 8C–8L). 

 

qRT-PCR analysis of the expression of lncRNAs and 

mRNAs in chordoma samples 

 

To validate the microarray analysis results, we 

randomly selected 10 lncRNAs and mRNAs with larger 

fold changes including up-regulated and down-

regulated expression from the microarray results and 

analyzed their expression levels by qRT-PCR in all 

chordoma tissues, 10 samples with serious dural 

penetration, and 10 samples without dural penetration. 

The results showed that the changes were reasonably 

 

 
 

Figure 6. Functional predictions of the lincRNAs based on pathway analysis of their adjacent coding-genes within 300 kb in 
the genome. (A) Schematic representation of lincRNA. (B, C) The pathway analysis applied for 22 mRNAs that were adjacent with 24 
lincRNAs and showed the 4 down-regulated and 3 up-regulated pathways related to dural penetration of chordoma (P < 0.05). (D–G) The 17 
lincRNAs and their adjacent coding genes are in the down-regulated pathways. (H–J) The 7 lincRNAs and their adjacent coding genes are in 
the up-regulated pathways. 
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consistent between microarray and qPCR data, and 

further confirmed the findings of the lncRNA and 

mRNA microarray data (Figure 9A, 9B). 

 

Next, we analyzed the expression of EGF mRNA and 

the lncRNAs ABCC6P1 and AL078621.4 located in the 

lncRNA-mRNA co-expression network to explore 

whether EGF was regulated by these differentially 

expressed lncRNAs in dural penetration chordoma. 

EGF plays an important role in chordoma. As shown in 

Figure 9C, the EGF mRNA and lncRNA AL078621.4 

were down-regulated, while lncRNA ABCC6P1 was 

up-regulated in no dural penetration chordoma samples. 

In the lncRNA-mRNA co-expression network, the 

expression of ABCC6P1 was strong negatively 

correlated with EGF (r = -0.9988), and AL078621.4 

was strong positively correlated with EGF (r = 0.9981) 

(Supplementary Table 4). 

 

DISCUSSION 
 

Our previous study showed that clival chordoma 

patients with dural penetration prone to have worse 

outcomes [9]. The aggressive intracranial growth, which 

often involves vital structures and repeated local 

recurrence, is the major causes of death in chordoma 

patients with serious dural penetration. Therefore, 

identification of novel efficient methods that can inhibit 

 

 
 

Figure 7. Biological function predictions of the enhancer-like lncRNAs by pathway analysis of their adjacent coding-genes 
within 300 kb in the genome. (A) Schematic representation of enhancer-like lncRNA. (B, C) The pathway analysis applied for 5 mRNAs 
that regulated by 5 enhancer-like lncRNAs and showed the 7 down-regulated pathways and 1 up-regulated pathways (P < 0.05). (D–G) The 5 
enhancer-like lncRNAs, 5 coding genes, and signaling pathways in which these coding genes participated. 
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the invasion and recurrence of this type of chordoma are 

urgently required. In this study, we investigated the 

lncRNA and mRNA signatures in clival chordoma with 

dural penetration. We leveraged two strategies for the 

functional prediction of the differentially expressed 

lncRNAs: one utilized the lncRNA-mRNA co-

expression network [20, 21], while the other classified 

lncRNAs as lincRNA, enhancer lncRNA or antisense 

lncRNA and identified the genomic adjacency of 

differentially expressed mRNAs. To the best of our 

knowledge, this is the first report to reveal a molecular 

mechanism underpinning dural penetration in clival 

chordoma. 

 

We identified a set of 2760 lncRNAs and 3988 mRNAs 

with differential expression between no dural 

penetration and serious dural penetration samples. This 

indicates that RNA homeostasis might be essential for 

 

 
 

Figure 8. Functional predictions of the antisense lncRNAs according to pathway analysis of their sense coding genes. (A, B) 
The pathway analysis applied for 15 mRNAs that were sense coding genes of 15 antisense lncRNAs and showed 9 down-regulated pathways 
and 2 up-regulated pathways (P < 0.05) (C–I) The 11 antisense lncRNAs and their sense coding genes in down-regulated signaling pathways. 
(J–L) The 4 antisense lncRNAs and their sense coding genes are in up-regulated signaling pathways. The lncRNAs in the green circle represent 
intronic antisense lncRNA and other lncRNAs represent natural antisense lncRNA. 
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the invasion of chordoma, and their disruption might 

lead to dural penetration. We found that 1773 out of  

the 2760 (64.2%) lncRNAs were down regulated, 

suggesting that decreased lncRNAs play a more 

important role than increased lncRNAs in dural 

penetration. 

 

LncRNA-mRNA expression combined with KEGG 

pathway analysis showed that 55 altered lncRNAs related 

to migration and invasion, cell apoptosis and proliferation 

and participated in 5 down-regulated pathways. The 

pathways proteoglycans in cancer, focal adhesion, and 

ECM-receptor interaction are major migratory and 

invasive pathways. The pathway in cancer modulates 

important biological processes, including evading 

apoptosis and proliferation, and the PI3K-AKT signaling 

plays a crucial role in the cell cycle regulation. All of 

these pathways showed decreased expression in 

chordoma without dural penetration. The result illustrated 

that chordoma with serious dural penetration has strong 

invasion, proliferation, and decreased apoptosis ability. 

 

We also observed differential expression of 24 

lincRNAs, 7 enhancer-like lncRNAs, and 14 antisense 

RNAs modulating dural penetration in chordomas by 

altering various pathological processes, including cell 

adhesion, metastasis, invasion, and apoptosis. In 

addition to the above 5 signaling pathways, 45 of these 

lncRNAs also participate in the regulation of 4 other 

down-regulated signaling pathways, including Wnt 

signaling, Hedgehog signaling, hippo signaling, P53 

signaling, and 3 up-regulated pathways, including cell 

adhesion molecules (CAMs), apoptosis, and MAPK 

signaling. 

 

 
 

Figure 9. The expression analysis of the lncRNAs and mRNAs in chordoma tissues with serious dural penetration and without 
dural penetration. The expression level of (A) 5 down-regulated lncRNAs and 5 up-regulated lncRNAs, (B) 5 down-regulated mRNAs and 5 
up-regulated mRNAs, (C) EGF mRNA and ABCC6P1, AL078621.4 lncRNAs were analyzed using qRT-PCR, with the GAPDH gene as an internal 
control. Error bars represent the standard errors of independent samples.*P<0.05. 
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Previous reports of receptor tyrosine kinase (RTK) 

expression in chordomas suggest that these tumors may 

respond to kinase inhibitor therapy [22]. Chordomas 

commonly express RTKs and activated signal 

transduction molecules. Immunohistochemical (IHC) 

studies have shown that RTKs, such as platelet-derived 

growth factor receptor (PDGFR), epidermal growth 

factor receptor (EGFR), MET and HER2, are expressed 

in chordoma [22]. The EGFR protein is involved in 

signal transduction through RTKs. AKT is indicative of 

tyrosine kinase activity. EGFR signaling and Akt were 

activated in chordomas. Nevertheless, accounts of 

partial treatment response of metastatic chordoma to 

combination cetuximab/gefitinib provide further 

evidence that drugs targeting the EGFR signaling 

pathway may benefit chordoma patients [8, 23]. We 

observed that EGFR (fold change: 2.652), MET (fold 

change: 4.676), AKT3 (fold change: 3.703) and EGF 

(fold change: 11.094) which is a ligand of EGFR, were 

down regulated in chordomas without dural penetration. 

Several lncRNAs including LOC339529; 

XLOC_010305, NOP14-AS1, RP11-72I8.1, and 

KRT18P55 were shown to regulate AKT3, and other 

lncRNAs ABCC6P1 and AL078621.4 were also shown 

to modulate EGF. Chordoma with serious dural 

penetration highly expressed EGF and AKT3 and show 

evidence of EGFR activation suggesting that RTK 

inhibitors may be useful for the treatment of dural 

invasion in chordoma. 

 

Additionally, mRNA for EGF and its regulatory 

lncRNAs levels of ABCC6P1 and AL078621.4 in 

chordoma tissues with serious dural penetration or 

without dural penetration were detected by RT-qPCR. 

Therefore, together with the data presented herein, these 

findings strongly suggest that EGF was activated during 

the process of dural penetration in chordoma. Further 

studies are warranted to determine the role of EGF and 

these lncRNA in dural penetration of chordoma. 

 

The main limitation of our present study is the small 

sample size due to the extreme low incidence of clival 

chordomas. Although we used rigorous inclusion 

criteria in this exploratory study, further studies with 

more chordoma samples are still needed to validate this 

work. 

 

In conclusion, our study found a multitude of 

differential expression of lncRNAs and mRNAs 

between chordomas with serious dural penetration and 

those with no dural penetration, and explored the 

potential roles of these lncRNAs associated with dural 

penetration of chordoma. Our data suggested that these 

dysregulated lncRNAs could serve as useful therapeutic 

targets and prognostic biomarkers of chordoma with 

dural penetration. 

MATERIALS AND METHODS 
 

Patients and specimens 

 

The chordoma samples included in this study were 

collected from 20 patients with clival chordomas who 

underwent endoscopic endonasal transsphenoidal 

surgery at Beijing Tiantan Hospital, among which 10 

cases had serious dural penetration and 10 cases did not 

have dural penetration. Six samples with serious dural 

penetration and 6 samples with no dural penetration 

were used in microarray detection. All of the samples 

were included in the qRT-PCR validation. No patients 

received chemotherapy or radiotherapy prior to the 

surgery. Tumor tissues were collected immediately after 

resection, snap frozen in liquid nitrogen and stored at -

80°C. Histological diagnoses were made on formalin-

fixed, paraffin-embedded hematoxylin and eosin 

sections by reviewers blinded to the original diagnosis. 

The use of the patient samples was approved by the 

Ethics Committee of Beijing Tiantan Hospital. Written 

informed consent for the study was obtained from all 

subjects. 

 

Total RNA isolation and microarray detection 
 

Total RNA was isolated with Trizol reagents 

(Invitrogen, USA) and RNeasy Mini Kit (Qiagen, 

Hilden, Germany). The purity and quantity of RNA 

were measured using Nanodrop 2000c (Thermo 

Scientific, USA). Each sample was amplified and 

transcribed into fluorescent cRNA (complementary 

RNA) (Arraystar Flash RNA Labeling Kit, Arraystar). 

The labeled cRNAs were purified by RNeasy Mini Kit 

(Qiagen). One μg of labeled cRNAs were fragmented 

and hybridized with the slide of Human LncRNA V3.0 

Array (Arraystar). The slides were incubated for 17 

hours at 65°C in an Agilent Hybridization Oven. The 

hybridized array was washed, fixed and scanned using 

the Agilent DNA Microarray Scanner. 

 

Based on the NetAffx annotation of the probe sets, the 

Refseq_NR, Ensemble, Gencode, RNAdb, UCSC 

known gene and lincRNA Cabili of lncRNAs and the 

RefSeq, Ensemble, and GenBank annotation of mRNAs, 

a total of 58,944 distinct probes (corresponding to 

30,586 lncRNAs and 26,109 mRNAs) were detected by 

the Arraystar Human LncRNA Microarray V3.0. 

 

Microarray data analysis 
 

The acquired array images were analyzed by Agilent 

Feature Extraction software (version 11.0.1.1, Agilent 

Technologies). Quantile normalization and subsequent 

data processing were performed using the GeneSpring 

GX v12.1 software package (Agilent Technologies). 
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After normalization of the data, lncRNAs and mRNAs 

that were flagged as Present or Marginal (“All Targets 

Value”) in at least six out of 12 samples were chosen 

for further data analysis. Differentially expressed 

lncRNAs and mRNAs between the two groups were 

identified through fold-change filtering and two-tailed 

Student’s t-test. Multiple testing correction was 

performed by calculating the Benjamini-Hochberg false 

discovery rate (FDR). Fold-change (FC) ≥ 2 and P < 

0.05 were considered the criteria for significantly 

differential expression. 

 

Kaplan-Meier survival analysis 
 

Clinical information was analyzed using SPSS (version 

22.0, IBM Corp. Armonk, NY, USA). The Pearson Chi-

Square test was used for sex comparisons, and two-sided 

Student’s t-tests were used for age comparisons and 

follow-up time comparisons between the two groups. 

Overall survival and progression-free survival were 

estimated using Kaplan-Meier survival analysis and a 2-

sided log-rank test was used to compare between groups. 

 

Pathway analysis 
 

Pathway analysis was used to identify the significant 

pathways of differentially expressed genes according to 

Kyoto Encyclopedia of Genes and Genomes (KEGG) 

(http://www.genome.jp/kegg/). Differentially expressed 

genes were mapped to defined KEGG pathways. 

Enrichment scoring, which is equal to -log10 (P value), 

was used to measure pathway significance and 

specificity. Specifically, a two-sided Fisher’s exact test 

was used to classify the pathway and we computed P 

values for the pathway of each of the differential genes, 

P < 0.05 was considered statistically significant. 

 

Construction of the lncRNA-mRNA co-expression 

network 
 

Differentially expressed lncRNAs and mRNAs were 

used to construct co-expression networks. The lncRNA-

mRNA networks were built according to the signal 

intensity of specific expression of mRNA and lncRNA 

determined in the microarray analysis. For each mRNA-

lncRNA pair, Pearson correlation coefficients were 

calculated and significant correlation pairs (r > 0.998 or 

< -0.998) were selected to construct the network. 

 

Quantitative real-time polymerase chain reaction 

(qRT-PCR) validation 

 

We used qPCR to confirm the expression of lncRNAs 

and mRNAs in chordoma tissues. First-strand cDNA 

was synthesized from total RNA (1µg) using the 

SuperScript III First-Strand Synthesis System 

(Invitrogen, Carlsbad, California, USA). qRT-PCR was 

performed on an ABI 7500 Fast system (Applied 

Biosystems, Foster City, California, USA) using the 

Power SYBR Green PCR Master Mix (Applied 

Biosystems). The amplification conditions were 95°C 

for 10 minutes, then 40 cycles at 95°C for 15 seconds 

and 60°C for 1 minute. All of the primers used are listed 

in Supplementary Tables 9, 10. Gene expression was 

normalized to GAPDH mRNA. Expression was 

calculated using the 2−∆∆CT method. 

 

AUTHOR CONTRIBUTIONS 
 

Qi Li and Yazhuo Zhang designed the study. Qi Li, 

Jiwei Bai and Yixuan Zhai carried out data analyses and 

produced the draft of the manuscript. Shuai Wang and 

Mingxuan Li extracted the RNA and verified the results 

with PCR. Shuheng Zhang, Chuzhong Li, Songbai Gui 

and Yazhuo Zhang collected the samples and followed 

up the patients. All authors have contributed to the 

revision and approved the final submitted manuscript. 

 

ACKNOWLEDGMENTS 
 

We would like to give our sincere appreciation to the 

Difei Wang for his great help in the data analysis. 

 

CONFLICTS OF INTEREST 
 

The author reports no conflicts of interest in this work. 

 

FUNDING 
 

This work was supported by the Beijing Municipal 

Science and Technology Commission (No. 

Z171100000117002) and Research Special Fund for 

Public Welfare Industry of Health (No. 201402008). 

 

REFERENCES 
 

1. McMaster ML, Goldstein AM, Bromley CM, Ishibe N, 
Parry DM. Chordoma: incidence and survival patterns 
in the united states, 1973-1995. Cancer Causes 
Control. 2001; 12:1–11. 

 https://doi.org/10.1023/a:1008947301735 
 PMID:11227920 

2. Chugh R, Tawbi H, Lucas DR, Biermann JS, Schuetze 
SM, Baker LH. Chordoma: the nonsarcoma primary 
bone tumor. Oncologist. 2007; 12:1344–50. 

 https://doi.org/10.1634/theoncologist.12-11-1344 
 PMID:18055855 

3. Hug EB, Slater JD. Proton radiation therapy for 
chordomas and chondrosarcomas of the skull base. 
Neurosurg Clin N Am. 2000; 11:627–38. 

 PMID:11082173 

http://www.genome.jp/kegg/
https://doi.org/10.1023/a:1008947301735
https://pubmed.ncbi.nlm.nih.gov/11227920
https://doi.org/10.1634/theoncologist.12-11-1344
https://pubmed.ncbi.nlm.nih.gov/18055855
https://pubmed.ncbi.nlm.nih.gov/11082173


 

www.aging-us.com 10822 AGING 

4. Noël G, Habrand JL, Jauffret E, de Crevoisier R, Dederke 
S, Mammar H, Haie-Méder C, Pontvert D, Hasboun D, 
Ferrand R, Boisserie G, Beaudré A, Gaboriaud G, et al. 
Radiation therapy for chordoma and chondrosarcoma 
of the skull base and the cervical spine. Prognostic 
factors and patterns of failure. Strahlenther Onkol. 
2003; 179:241–48. 

 https://doi.org/10.1007/s00066-003-1065-5 
 PMID:12707713 

5. Chugh R, Dunn R, Zalupski MM, Biermann JS, Sondak 
VK, Mace JR, Leu KM, Chandler WF, Baker LH. Phase II 
study of 9-nitro-camptothecin in patients with 
advanced chordoma or soft tissue sarcoma. J Clin 
Oncol. 2005; 23:3597–604. 

 https://doi.org/10.1200/JCO.2005.02.170 
 PMID:15908670 

6. Bennasroune A, Gardin A, Aunis D, Crémel G, Hubert P. 
Tyrosine kinase receptors as attractive targets of cancer 
therapy. Crit Rev Oncol Hematol. 2004; 50:23–38. 

 https://doi.org/10.1016/j.critrevonc.2003.08.004 
 PMID:15094157 

7. Casali PG, Messina A, Stacchiotti S, Tamborini E, Crippa 
F, Gronchi A, Orlandi R, Ripamonti C, Spreafico C, 
Bertieri R, Bertulli R, Colecchia M, Fumagalli E, et al. 
Imatinib mesylate in chordoma. Cancer. 2004; 
101:2086–97. 

 https://doi.org/10.1002/cncr.20618 
 PMID:15372471 

8. Hof H, Welzel T, Debus J. Effectiveness of 
cetuximab/gefitinib in the therapy of a sacral 
chordoma. Onkologie. 2006; 29:572–74. 

 https://doi.org/10.1159/000096283 
 PMID:17202828 

9. Ross JS, Schenkein DP, Pietrusko R, Rolfe M, Linette GP, 
Stec J, Stagliano NE, Ginsburg GS, Symmans WF, 
Pusztai L, Hortobagyi GN. Targeted therapies for 
cancer 2004. Am J Clin Pathol. 2004; 122:598–609. 

 https://doi.org/10.1309/5CWP-U41A-FR1V-YM3F 
 PMID:15487459 

10. Zhai Y, Bai J, Wang S, Du J, Wang J, Li C, Gui S, Zhang Y. 
Differences in dural penetration of clival chordomas 
are associated with different prognosis and expression 
of platelet-derived growth factor receptor-β. World 
Neurosurg. 2017; 98:288–95. 

 https://doi.org/10.1016/j.wneu.2016.07.096 
 PMID:27506406 

11. Iyer MK, Niknafs YS, Malik R, Singhal U, Sahu A, Hosono 
Y, Barrette TR, Prensner JR, Evans JR, Zhao S, Poliakov 
A, Cao X, Dhanasekaran SM, et al. The landscape of 
long noncoding RNAs in the human transcriptome. Nat 
Genet. 2015; 47:199–208. 

 https://doi.org/10.1038/ng.3192 
 PMID:25599403 

12. Derrien T, Johnson R, Bussotti G, Tanzer A, Djebali S, 
Tilgner H, Guernec G, Martin D, Merkel A, Knowles DG, 
Lagarde J, Veeravalli L, Ruan X, et al. The GENCODE v7 
catalog of human long noncoding RNAs: analysis of 
their gene structure, evolution, and expression. 
Genome Res. 2012; 22:1775–89. 

 https://doi.org/10.1101/gr.132159.111 
 PMID:22955988 

13. Hung T, Chang HY. Long noncoding RNA in genome 
regulation: prospects and mechanisms. RNA Biol. 2010; 
7:582–85. 

 https://doi.org/10.4161/rna.7.5.13216 PMID:20930520 

14. Cabili MN, Trapnell C, Goff L, Koziol M, Tazon-Vega B, 
Regev A, Rinn JL. Integrative annotation of human 
large intergenic noncoding RNAs reveals global 
properties and specific subclasses. Genes Dev. 2011; 
25:1915–27. 

 https://doi.org/10.1101/gad.17446611 
 PMID:21890647 

15. Ørom UA, Derrien T, Beringer M, Gumireddy K, Gardini 
A, Bussotti G, Lai F, Zytnicki M, Notredame C, Huang Q, 
Guigo R, Shiekhattar R. Long noncoding RNAs with 
enhancer-like function in human cells. Cell. 2010; 
143:46–58. 

 https://doi.org/10.1016/j.cell.2010.09.001 
 PMID:20887892 

16. Katayama S, Tomaru Y, Kasukawa T, Waki K, Nakanishi 
M, Nakamura M, Nishida H, Yap CC, Suzuki M, Kawai J, 
Suzuki H, Carninci P, Hayashizaki Y, et al, and RIKEN 
Genome Exploration Research Group, and Genome 
Science Group (Genome Network Project Core Group), 
and FANTOM Consortium. Antisense transcription in 
the mammalian transcriptome. Science. 2005; 
309:1564–66. 

 https://doi.org/10.1126/science.1112009 
 PMID:16141073 

17. Bhan A, Soleimani M, Mandal SS. Long noncoding RNA 
and cancer: a new paradigm. Cancer Res. 2017; 
77:3965–81. 

 https://doi.org/10.1158/0008-5472.CAN-16-2634 
 PMID:28701486 

18. Chen H, Zhang K, Lu J, Wu G, Yang H, Chen K. 
Comprehensive analysis of mRNA-lncRNA co-
expression profile revealing crucial role of imprinted 
gene cluster DLK1-MEG3 in chordoma. Oncotarget. 
2017; 8:112623–35. 

 https://doi.org/10.18632/oncotarget.22616 
 PMID:29348851 

19. Ma X, Qi S, Duan Z, Liao H, Yang B, Wang W, Tan J, Li Q, 
Xia X. Long non-coding RNA LOC554202 modulates 
chordoma cell proliferation and invasion by recruiting 
EZH2 and regulating miR-31 expression. Cell Prolif. 
2017; 50:e12388. 

https://doi.org/10.1007/s00066-003-1065-5
https://pubmed.ncbi.nlm.nih.gov/12707713
https://doi.org/10.1200/JCO.2005.02.170
https://pubmed.ncbi.nlm.nih.gov/15908670
https://doi.org/10.1016/j.critrevonc.2003.08.004
https://pubmed.ncbi.nlm.nih.gov/15094157
https://doi.org/10.1002/cncr.20618
https://pubmed.ncbi.nlm.nih.gov/15372471
https://doi.org/10.1159/000096283
https://pubmed.ncbi.nlm.nih.gov/17202828
https://doi.org/10.1309/5CWP-U41A-FR1V-YM3F
https://pubmed.ncbi.nlm.nih.gov/15487459
https://doi.org/10.1016/j.wneu.2016.07.096
https://pubmed.ncbi.nlm.nih.gov/27506406
https://doi.org/10.1038/ng.3192
https://pubmed.ncbi.nlm.nih.gov/25599403
https://doi.org/10.1101/gr.132159.111
https://pubmed.ncbi.nlm.nih.gov/22955988
https://doi.org/10.4161/rna.7.5.13216
https://pubmed.ncbi.nlm.nih.gov/20930520
https://doi.org/10.1101/gad.17446611
https://pubmed.ncbi.nlm.nih.gov/21890647
https://doi.org/10.1016/j.cell.2010.09.001
https://pubmed.ncbi.nlm.nih.gov/20887892
https://doi.org/10.1126/science.1112009
https://pubmed.ncbi.nlm.nih.gov/16141073
https://doi.org/10.1158/0008-5472.CAN-16-2634
https://pubmed.ncbi.nlm.nih.gov/28701486
https://doi.org/10.18632/oncotarget.22616
https://pubmed.ncbi.nlm.nih.gov/29348851


 

www.aging-us.com 10823 AGING 

 https://doi.org/10.1111/cpr.12388 
 PMID:28963737 

20. Liao Q, Liu C, Yuan X, Kang S, Miao R, Xiao H, Zhao G, 
Luo H, Bu D, Zhao H, Skogerbø G, Wu Z, Zhao Y. Large-
scale prediction of long non-coding RNA functions in a 
coding-non-coding gene co-expression network. 
Nucleic Acids Res. 2011; 39:3864–78. 

 https://doi.org/10.1093/nar/gkq1348 
 PMID:21247874 

21. Pujana MA, Han JD, Starita LM, Stevens KN, Tewari M, 
Ahn JS, Rennert G, Moreno V, Kirchhoff T, Gold B, 
Assmann V, Elshamy WM, Rual JF, et al. Network 
modeling links breast cancer susceptibility and 
centrosome dysfunction. Nat Genet. 2007; 39:1338–49. 

 https://doi.org/10.1038/ng.2007.2 
 PMID:17922014 

22. Fasig JH, Dupont WD, LaFleur BJ, Olson SJ, Cates JM. 
Immunohistochemical analysis of receptor tyrosine 
kinase signal transduction activity in chordoma. 
Neuropathol Appl Neurobiol. 2008; 34:95–104. 

 https://doi.org/10.1111/j.1365-2990.2007.00873.x 
 PMID:17973908 

23. Deniz ML, Kılıç T, Almaata I, Kurtkaya Ö, Sav A, Pamir 
MN. Expression of growth factors and structural 
proteins in chordomas: basic fibroblast growth factor, 
transforming growth factor α, and fibronectin are 
correlated with recurrence. Neurosurgery. 2002; 
51:753–60. 

 https://doi.org/10.1227/00006123-200209000-00026 
 PMID:12188955 

  

https://doi.org/10.1111/cpr.12388
https://pubmed.ncbi.nlm.nih.gov/28963737
https://doi.org/10.1093/nar/gkq1348
https://pubmed.ncbi.nlm.nih.gov/21247874
https://doi.org/10.1038/ng.2007.2
https://pubmed.ncbi.nlm.nih.gov/17922014
https://doi.org/10.1111/j.1365-2990.2007.00873.x
https://pubmed.ncbi.nlm.nih.gov/17973908
https://doi.org/10.1227/00006123-200209000-00026
https://pubmed.ncbi.nlm.nih.gov/12188955


 

www.aging-us.com 10824 AGING 

SUPPLEMENTARY MATERIALS 
 

Supplementary Figure 

 

 

 

 
 

Supplementary Figure 1. LncRNA-mRNA co-expression network in no dural penetration and serious dural penetration 
chordoma samples. Square: lncRNA, dot: mRNA, red: up-regulated, blue: down-regulated. Solid line represents positive correlation, and 
dash line represents negative correlation. 
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Supplementary Tables 
 

Please browse Full Text version to see the data of Supplementary Tables 1 to 8. 

 

Supplementary Table 1. The lncRNAs differentially expressed between no dural penetration and serious dural 
penetration chordoma samples. 

Supplementary Table 2. The mRNAs differentially expressed between no dural penetration and serious dural 
penetration chordoma samples. 

Supplementary Table 3. Properties of lncRNAs and mRNAs in lncRNA-mRNA co-expression network 

Supplementary Table 4. The down-regulated mRNAs related pathways in no dural penetration chordoma samples. 

Supplementary Table 5. The up-regulated mRNAs related pathways in no dural penetration chordoma samples. 

Supplementary Table 6. LincRNAs associated coding genes. 

Supplementary Table 7. Enhancer lncRNAs nearby coding genes. 

Supplementary Table 8. Antisense lncRNAs and coding genes. 

Supplementary Table 9. Primers of lncRNA for qRT-PCR. 

lncRNA name Gene ID Sequence (5'-3') 

AC007682.1 ENST00000440698 F: ACTGTCGCTGTTCGGTATTCAC 

R: TCTCATCATGGCTGCCTATCGT 

LINC00607 ENST00000417922 F: GGGAGGTGGAAGAGAGAAAGCA 

R: CAGAGGGCATGGATGAGTTGGT 

RP11-143E21.7 ENST00000542000 F: TGTGCTCTGCTGCCCTCATC 

R: GCATTCAGGGATAGCAAAACGA 

RP11-75C9.1 ENST00000430766 F: GTTTGGAAGCACTGCCTCGTT 

R: GGCCAAATTACTTATCCTCTCTCGT 

AK123617 uc002tji.1 F: CTTTGCTCAAGGGAGTGTGGAT 

R: CAGGCTCAGTTTCTCTGGGCT 

ABCC6P1 ENST00000565118 F: GGAACCAGACAGAGCCTGAACC 

R: TGGTGGTGGATGAAGAGGAGGT 

KIAA1324 NR_049773 F: TGCCAGCCTCTCAGCCAACA 

R: CGGTGCCAGATTGCTTCAGGTT 

LOC440896 uc004afh.2 F: AGGAGAGCAGGCTTCGGTAGAT 

R: TCTCGGTCTCTGGAGGACTGTG 

AK128525 uc002sti.1 F: GCCTCATCTCTGGTGCGTCTAT 

R: GGCTGCTGATGGTGAGAGTGAA 

RP11-44F21.5 ENST00000567197 F: ACCAGCAGAAAGCAGAAGAGC 

R: AGGCAGTGTAGCATAGTGGGTA 

AL078621.4 ENST00000416105 F: GCCACCACATCCAGCCTACCTA 

R: AGAGCCTCTCAGAGCAGCATCT 
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Supplementary Table 10. Primers of mRNA for qRT-PCR. 

mRNA name Gene ID Sequence (5'-3') 

IBSP NM_004967 F: CACTGGAGCCAATGCAGAAGA 

R: TGGTGGGGTTGTAGGTTCAAA 

TRPM6 ENST00000361255 F: AGCACAATCATACCCAGCTCA 

R: CATGGTCTCCAATCAGTCGGC  

EGF NM_001178131 F: GCCTGCTGACACTGAGGATGG 

R: GCCATCCTCACCAGCCACT 

VEGFA NM_001033756 F: CTGAGTTGCCCAGGAGACCA 

R: GAGCAGGAAGAGGATGAGGG 

COL6A3 ENST00000392003 F: GTTCCTGGTCCTCATCTCGTC 

R: TCCTCCTGGTCTGCGTTCCT 

SOX2 NM_003106 F: GCCGAGTGGAAACTTTTGTCG 

R: GGCAGCGTGTACTTATCCTTCT 

ADH1C NM_000669 F: CTCGCCCCTGGAGAAAGTC 

R: GGCCCCCAACTCTTTAGCC 

CLDN4 NM_001305 F: TGGGGCTACAGGTAATGGG 

R: GGTCTGCGAGGTGACAATGTT 

SLC6A14 NM_007231 F: ACCGTGGTAACTGGTCCAAAA 

R: CGCCTCCACCATTGCTGTAG 

AGR2 NM_006408 F: GTCAGCATTCTTGCTCCTTGT 

R: GGGTCGAGAGTCCTTTGTGTC 

GAPDH NM_002046  F: GCACCGTCAAGGCTGAGAAC 

R: TGGTGAAGACGCCAGTGGA 

 


