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Identification of miR-140-3p as a marker associated 
with poor prognosis in spinal chordoma 
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Abstract: Objective: To investigate the expression profile of miR-140-3p in formalin-fixed paraffin-embedded 
(FFPE) tissues of spinal chordoma, and its correlation with the prognosis of spinal chordoma patients. Methods: 
Dysregulated miRNAs in FFPE tissues of spinal chordoma were identified by microarray analysis. MiR-140-3p ex-
pression in surgically removed spinal chordoma tissues of 42 spinal chordoma patients (27 males and 15 females, 
aged 29-76 years) and corresponding nucleus pulposus tissues of 14 patients with disc herniation as the healthy 
control group (8 males and 6 females, aged 24-73 years) was measured by real-time quantitative RT-PCR assay. The 
association of miR-140-3p expression with clinicopathologic characteristics of spinal chordoma patients was ana-
lyzed. Additionally, we investigated the prognostic significance of miR-140-3p with the use of Kaplan-Meier methods 
and a Cox proportional hazard model. Results: The expression of miR-140-3p was significantly higher in chordoma 
tissues than nucleus pulposus tissues (t = 3.530, P = 0.001). The expression of miR-140-3p positively correlated 
with surrounding muscle invasion. The Kapan-Meier survival analysis showed that the patients with high miR-140-
3p expression had a significantly worse recurrence-free survival than those with a low expression (χ2 = 31.270, P 
= 0.000, log-rank test). In addition, univariate and multivariate analyses for recurrence-free survival showed that 
miR-140-3p expression was an independent prognostic factor for patients with spinal chordoma (HR = 1.361, 95% 
CI: 1.135-1.633, P = 0.001). Conclusion: Over-expression of miR-140-3p is correlated with recurrence and tumor 
invasion, suggesting that miR-140-3p could be a new predictor for recurrence and prognosis in patients with spinal 
chordoma.
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Introduction 

Chordoma is a relatively rare mesenchymal tis-
sue tumor that accounts for 1%-4% of all bone 
malignancies with an age-adjusted incidence 
of 0.08/100000 [1, 2]. Although comparatively 
low malignancy, chordoma is refractory to con-
ventional chemotherapy or radiotherapy, which 
poses a therapeutic challenge. The patients 
are vulnerable to relapse after surgery, which 
significantly reduces their quality of life postop-
eratively, and seriously affects their prognosis. 
Currently, there is lack of reliable prognostic 
marker for this disease [3, 4]. 

MicroRNAs (miRNAs) are a class of small non-
coding single-stranded RNA molecules of about 
19-22 nucleotides long, and can regulate gene 

expression and function by mainly interacting 
with 3’ UTRs of their target messenger RNA [5]. 
Previous studies have demonstrated that miR-
NAs acting as tumor promoters or tumor sup-
pressors are involved in the regulation of a vari-
ety of malignancies [6-9]. However, reports 
focusing on miRNAs expression profiling in 
chordoma are limited [10-13]. Moreover, data 
regarding the prognostic value of miRNAs in spi-
nal chordoma are almost nonexistent. Recently, 
a study by Duan et al. [14] showed that miR-1 
expression for chordoma samples from non-
survivors were significantly lower than that of 
survivors (P < 0.001), and their Kaplan-Meier 
survival analysis indicated that the patients 
group with a low miR-1 expression had a signifi-
cantly worse clinical outcome than those with a 
high expression (P < 0.04). 

http://www.ijcep.com
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Normally, fresh and frozen tissue samples are 
considered to be optimum for expression analy-
sis of DNA, RNA and protein. But, because of 
the limitation and inefficiency in prospectively 
collecting enough fresh and frozen samples 
and the availability of only formalin fixed paraf-
fin embedding (FFPE) tissues in most pathology 
departments, researchers are attempting to 
employ alternative tissues samples, such as 
FFPE tissues, for disease analysis [15]. Despite 
RNAs are found to degrade in FFPE tissue [16], 
there is evidence that miRNAs are stable in 
FFPE tissue due to shorter length or secondary 
structure [17, 18], and degraded tissue sam-
ples are also suitable for miRNA studies 
[19-22].

Although emerging evidence has demonstrated 
the aberrant expression of miR-140-3p in fresh-
frozen tissue samples of chordoma or other 
cancer patients [11, 23-26], little is known 
about the miRNAs expression levels in FFPE tis-
sue and their potential source as prognosis bio-
markers. In the current study, we identified the 
elevated expression level of miR-140-3p in 
FFPE tissues from spinal chordoma patients by 

the healthy control group (8 males and 6 
females, aged 24-73 years, mean, 49.21 ± 
13.35 years) were collected in this study. There 
are 32 primary spinal chordoma patients and 
10 recurrent patients. All the patients were 
diagnosed with histopathologically and clinical-
ly confirmed spinal chordoma of conventional 
subtype. The tissue samples were obtained as 
per the guidelines of The second Xiangya 
Hospital’s protocol including patient consent 
and specimen collection. The clinical data were 
obtained in all patients (Table 1), including age, 
gender, tumor size, tumor location, surrounding 
muscle invasion and preoperative recurrence 
status. Preoperative recurrence means the 
patient had previously received surgical tumor 
excision for one time and had relapse on admis-
sion. Surrounding muscle invasion means the 
tumor invaded into surrounding muscle, which 
was evaluated by preoperative Magnetic 
Resonance Imaging [27]. Patients were fol-
lowed-up clinically and radiographically at 
3-month intervals in the first two years after 
surgery, and every six months three years post-
operatively and annually thereafter. Recurrence-
free survival time (RFS) was defined as the time 

Table 1. Correlation of miR-140-3p relative expression level with clinico-
pathological factors of spinal chordoma patients

miR-140-3p 
expression

P-value OR (95% CI) 
Clinicopathological factors Low 

(n = 24)
High

(n = 18)
Age (years)
    ≤ 50 12 7 0.474 1.211 (0.719-2.037)
    > 50 12 11
Sex
    Male 15 12 0.780 1.080 (0.634-1.841)
    Female 9 6
Tumor size
    ≤ 5 cm 11 8 0.929 1.024 (0.606-1.731)
    > 5 cm 13 10
Tumor location
    Sacral vertebra 20 16 0.685 0.833 (0.441-1.575)
    Cervical or thoracic vertebra 4 2
Surrounding muscle invasion
    Yes 7 17 0.000* 3.238 (1.719-6.101)
    No 17 1
Preoperative recurrence
    Yes 5 5 0.875 1.188 (0.600-2.351)
    No 19 13
*P < 0.05.

miRNA microarry analy-
sis, and then investi-
gated the association 
of differentially expre- 
ssed miR-140-3p with 
clinico-pathologic char-
acteristics of these pa- 
tients. Meanwhile, we 
further explored the pr- 
ognostic value of miR-
140-3p for spinal chor-
doma patients. 

Materials and meth-
ods

Patients and samples

From June 2002 to 
November 2013, FFPE 
tumor samples from 42 
spinal chordoma pati- 
ents (27 males and 15 
females, aged 29-76 
years, mean, 52.93 ± 
11.50 years) and FFPE 
nucleus pulposus sam-
ples from 14 patients 
with disc herniation as 
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interval from surgical resection to disease 
relapse, which was evaluated from clinical 
examinations and imaging [3]. No patients 
received chemotherapy or radiotherapy before 
the surgical excision. 

Total RNA extraction

Total RNA was extracted from 42 FFPE tissue 
samples of spinal chordoma patients and 14 
controls using mirVanaTM RNA Isolation Kit 

defined as P-value < 0.05 (t test) and fold 
change > 5.

Real-time quantitative PCR of selected miRNA

There are seven significantly differentially 
expressed miRNAs (hsa-let-7b-3p, hsa-let-7f-1-
3p, miR-4725-5p, miR-634, miR-1304-3p, miR-
140-3p and miR-4649-3p) in FFPE tissues of 
spinal chordoma patients with more than 
19-fold fold change. Among those, we focused 

Figure 1. A heat-map representation of the differentially expressed miRNAs 
patterns in chordoma (T) versus nucleus pulposus tissues (N). Relative ex-
pression is presented as a colorgram (red: high expression).

(Applied Biosystem, Cat.No. 
AM 1556) according to the 
manufacturer’s specifications. 
The yield of RNA was deter-
mined using a NanoDrop 
2000 spectrophotometer (Th- 
ermo Scientific, USA), and the 
integrity was evaluated using 
agarose gel electrophoresis 
stained with ethidium brom- 
ide.

Microarray and hierarchical 
cluster analysis

To determine the global miRNA 
expression profiles in FFPE tis-
sues of spinal chordoma and 
corresponding controls, we 
performed a microarray analy-
sis using The Agilent Human 
miRNA Microarray Kit (Agilent 
Technologies, Santa Clara, 
CA, USA; Ver. 6.5, 8x60 K, 3 
slides/kit, Cat. No. G4140-
90040) comprising 2006 hu- 
man mature miRNAs. The da- 
ta of microarray analysis was 
imported into Genespring so- 
ftware (Version 12.5, Agilent) 
and normalized by quantile. 
Two-sided t tests and fold ch- 
ange were used to select dif-
ferentially expressed miRNAs. 
After installing Java (Tm) plat-
form SE Binary (Version 6.0, 
Sun Microsystems, Inc.), hier-
archical cluster analysis was 
performed using MultiExperi- 
ment Viewer tool (Version 4.6, 
Dana-Farber Cancer Institute) 
for differentially expressed 
miRNAs. The selection criteria 
for differential miRNAs was 
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on miR-140-3p because there is evidence sug-
gesting that miR-140-3p was significantly up-
regulated in skull base chorodma compared 
with normal tissues [11]. Moreover, miR-140-
3p was also found to have altered expression in 
various human cancers [23-26]. Therefore, we 
further validated the expression level of miR-
140-3p by subsequent real-time quantitative 
PCR assay, and investigated its correlation with 
clinico-pathological features of spinal chordo-
ma patients as well as the potential role of miR-
140-3p in chordoma progression.

Quantification was performed with a two-step 
reaction process: reverse transcription (RT) 
and PCR. Each RT reaction consisted of 1 μg 
RNA, 4 μl miScript HiSpec buffer, 2 μl Nucleics 
Mix and 2 μl miScript Reverse Transcriptase 
Mix (Qiagen, Germany), in a total volume of 20 
μl. Reactions were performed in a GeneAmp® 
PCR System 9700 (Applied Biosystem, USA) for 
60 minutes at 37°C, followed by heat inactiva-
tion of RT for 5 minutes at 95°C. The 20 μl RT 
reaction mix was then diluted 5 times in nucle-
ase-free water and held at -20°C. Real-time 
PCR was performed using LightCycler® 480 II 
Real-time PCR Instrument (Roche, Swiss) with 
10 μl PCR reaction mixture that included 1 μl 
cDNA, 5 μl LightCycler® 480 SYBR Green I 
Master (Roche, Swiss) that was diluted 2 times, 

GTAGAACCACGG. The expression levels of mi- 
croRNAs were normalized to U6 and were cal-
culated using the 2-ΔΔCt method.

Statistical analysis

All statistical analyses were performed using 
SPSS17.0. The comparison of miRNA expres-
sion level between chordoma and controls was 
performed using Student’s t test. The χ2 test 
was used to analyze the association of miR-
140-3p expression level with clinicopathologi-
cal characteristics. Kaplan-Meier method was 
used to estimate the survival rates and survival 
curves between low and high miR-140-3p 
expression group, whose difference was evalu-
ated by Log-rank test. Cox proportional hazard 
model was used to analyze the correlation 
between multiple factors and survival time. All 
values showed are two-sided. A P-value < 0.05 
was considered statistically significant.

Results

Differential expression of miRNAs in chordoma 
samples

When the selection criteria for differential miR-
NAs was P-value < 0.05 (t test) and fold change 
> 5, 72 of 2006 human mature miRNAs were 
differentially expressed in chordoma compared 

Figure 2. The detection of miR-140-3p expression in FFPE tissues from 42 
spinal chordoma patients and 14 controls using qRT-PCR assay. After nor-
malization to U6 RNA, the expression level of miR-140-3p was significantly 
higher in chordoma tissues (3.56 ± 3.17) compared with that in non-tumor 
tissues (1.28 ± 1.57, P = 0.001).

0.2 μl universal primer (Qia- 
gen, Germany), 0.2 μl microR-
NA-specific primer and 3.6 μl 
nuclease-free water. React- 
ions were incubated in a 384-
well optical plate (Roche, Sw- 
iss) at 95°C for 10 minutes, 
followed by 40 cycles of 95°C 
for 10 seconds, 60°C for 30 
seconds. Each sample was 
run in triplicate for analysis. At 
the end of the PCR cycles, 
melting curve analysis was 
performed to validate the sp- 
ecific generation of the expect-
ed PCR product. The microR-
NA-specific primer sequences 
were designed in the labora-
tory and synthesized by Ge- 
neray Biotech (Generay, PRC) 
based on the microRNA seq- 
uences obtained from the 
miRBase database (Release 
20.0) as follows: TACCACAGG 
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with nucleus pulposus tissues. Of the 72 miR-
NAs that were differentially expressed, 4 was 
upregulated and 68 was downregulated as 
compared to miRNA expression level in con-
trols (Figure 1). Furthermore, there are seven 
significantly differentially expressed miRNAs 
(hsa-let-7b-3p, hsa-let-7f-1-3p, miR-4725-5p, 
miR-634, miR-1304-3p, miR-140-3p and miR-
4649-3p) in FFPE tissues from spinal chordo-
ma patients with more than 19-fold fold change.

Relative expression of miR-140-3p between 
patient and control group

The differences of sex composition and age dis-
tribution between case and control group were 
not statistically significant (χ2 = 0.229, P = 
0.633 and t = 1.005, P = 0.319, respectively). 
The expression level of miR-140-3p in chordo-
ma tissues was significantly higher than that in 
nucleus pulposus samples (t = 3.530, P = 
0.001). The average expression level of miR-
140-3p in chordoma tissues was 3.56 ± 3.17. 
The comparision of miR-140-3p expression 
between patient and control group was shown 
in Figure 2.

Association of miR-140-3p relative expresison 
with clinico-pathological characteristics of spi-
nal chordoma patients

To evaluate whether the high expression of 
miR-140-3p was correlated with the clinical 
progression of spinal chordoma, the patients 
were classified into two groups according to the 
overall mean expression of miR-140-3p: low 
miR-140-3p expression group (≤ 3.56-fold, n = 
24) and high miR-140-3p expression group (> 
3.56-fold, n = 18). We analyzed the association 
of miR-140-3p relative expresison with clinico-
pathological characteristics of these patients 

(Table 1). Our results revealed that the patients 
with a high miR-140-3p expression had a sig-
nificantly higher risk of the occurrence of sur-
rounding muscle invasion than those with a low 
expression (OR = 3.238, 95% CI: 1.719-6.101, 
P = 0.000). The expression of miR-140-3p 
showed no significantly difference in age, gen-
der, tumor size, tumor location and preopera-
tive recurrence in these patients (Table 2). 

Comparison of survival rate between different 
miR-140-3p expression and surrounding mus-
cle invasion group using Kaplan-Meier method

The median RFS time was 28.0 months (range, 
5-72 months). During follow-up, 32 patients 
(76.19%) had relapse. Patients with a high miR-
140-3p expression in chordoma had a signifi-
cantly shorter RFS as compared to those with a 
low expression (χ2 = 31.270, P = 0.000, log-
rank test). The survival curve of high and low 
miR-140-3p expression group was shown in 
Figure 3. Similarly, the patients with preopera-
tive surrounding muscle invasion had a signifi-
cantly shorter RFS than those without sur-
rounding muscle invasion (χ2 = 26.917, P = 
0.000, log-rank test). The survival curve of dif-
ferent surrounding muscle invasion status in 
these patients was shown in Figure 4. 

Analyze the impact of multiple factors on the 
survival time using Cox proportional hazard 
model 

Cox’s multivariate analysis showed that miR-
140-3p expression (HR = 1.361, 95% CI: 1.135-
1.633, P = 0.001) and surrounding muscle 
invasion (HR = 8.483, 95% CI: 2.176-33.062, P 
= 0.002) were significantly associated with RFS 
of spinal chordoma patients as independent 

Table 2. Univariate analysis of prognostic factors for Recurrence-free survival rates of spinal chor-
doma patients
Factors Categories χ2 P-value
Sex Male/Female 0.033 0.857
Age ≤ 50/> 50 1.536 0.215
Tumor size ≤ 5 cm/> 5 cm 0.044 0.834
Tumor location Sacral vertebra/Cervical or thoracic vertebra 0.611 0.434
Preoperative recurrence Yes/No 0.000 0.984
Surrounding muscle invasion Yes/No 26.917 0.000*

miR-140-3p expression High/Low 31.270 0.000*

*P < 0.05.
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prognostic factors. The results of the Cox’s mul-
tivariate analysis were summarized in Table 3. 

cancers is controversial as it can be up-regulat-
ed or down-regulated in tumor tissues com-

Figure 3. Kaplan-Meier survival curve of spinal chordoma patients with high 
versus low miR-140-3p expression. The recurrence-free survival rate of pa-
tients with high miR-140-3p expression was significantly lower that those 
with a low expression ( χ2 = 31.270, P = 0.000, log-rank test). 

Figure 4. Kaplan-Meier survival curve of spinal chordoma patients with ver-
sus without surrounding muscle invasion. The recurrence-free survival rate 
of patients with surrounding muscle invasion was significantly lower that 
those without surrounding muscle invasion (χ2 = 26.917, P = 0.000, log-
rank test). 

Discussion

Originating from embryonic 
remnants of the notochord, 
chordoma is a relatively rare 
and locally invasive mesen-
chymal tissue tumor with an 
annual incidence rate of 
1/8000000 [2]. Due to its 
resistance to conventional 
chemotherapy or radiothera-
py, the main treatment strate-
gy of choice for this disease is 
thorough surgical excision. 
However, 40% of patients with 
chordoma can still have local 
recurrence after surgery [28, 
29], which significantly com-
promises their prognosis in 
this population. Given above, 
studies focus on identifying 
new biomarkers for recur-
rence or prognosis in chordo-
ma are more than warranted. 
Currently, accumulating evi-
dences have showed that 
deregulated protein expres-
sion or genetic aberration in 
chordoma is related to its 
recurrence or progression. But 
the prognostic role of miRNA 
using FFPE tissues in this enti-
ty is nonexistent. FFPE tissues 
are common specimen source 
of archival material and easily 
available in most histological 
departements because of 
their feasibility of long-term 
storage and ability to perma-
nently preserve the structure 
of the tissue. miRNAs have 
been proven to be stable in 
FFPE tissue due to shorter 
length or secondary structure 
[17, 18], and they are found to 
exhibit stable expression level 
in FFPE samples as compared 
to frozen tissues in several 
studies [17, 30, 31].

The expression profile of miR-
140-3p in different human 
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pared with normal samples. Previous studies 
have found that miR-140-3p was down-regulat-
ed in cutaneous squamous cell carcinoma or 
basal cell carcinoma [23, 24], ovarian cancer 
[25] and lung squamous cell carcinoma [26]. 
But miRNA expression profiles have revealed 
that miR-140-3p was significantly up-regulated 
in chordoma tissue [11], which was similarly 
noted in our study. This finding suggests that 
the over-expression of miR-140-3p may have a 
role in progression or recurrence of chordoma. 
To examine this assumption, we investigated 
the possible relationship between miR-140-3p 
expression and clinico-pathological information 
of these patients. We found that patients with 
over-expressed miR-140-3p had a increased 
risk of occurrence of surrounding muscle inva-
sion. Further, our study identified the altered 
miR-140-3p expression as a independent pre-
dictor for short recurrence-free survival of spi-
nal chordoma patients. The correlation of miR-
140-3p up-expression with chordoma invasion 
and recurrence suggests the aberrant miR-
140-3p expression may promote the malignant 
differentiation of this tumor, thus resulting in 
poor prognosis in this population. 

Currently, the definite role that miRNAs play in 
the tumorigenesis or progression of chordoma 
remains unclear. Recent studies have shown 
that the differentially expressed miRNAs in 
chordoma could cause apoptosis of tumor 
cells, regulate tumor malignancy and inhibit cell 
growth and proliferation by regulating various 
targets, such as c-MET [11, 13, 14], epidermal 
growth factor receptor (EGFR) and Bcl-xL [13]. 
Meanwhile, in the study of Long et al., [12] 
researchers detected that five altered expres-
sion of miRNAs in chordoma likely had an 
important effect on the regulation of mitogen-

ved in pathways including RAS/ERK, PI3K/AKT, 
STAT and MAPK signaling pathways that have 
been shown to play key role in chordoma [32-
35]. Considering aforementioned findings, we 
postulate that the altered expression of miR-
140-3p might have a effect on recurrence and 
invasion of chordoma by partially regulating tar-
gets in signal pathways with the involvement of 
RTKs.

In conclusion, the over-expression of miR-140-
3p in FFPE tissues of spinal chordoma patients 
was correlated with recurrence and tumor inva-
sion, suggesting that miR-140-3p obtained 
from FFPE tissues could be a new predictor for 
recurrence and prognosis in these patients. 
Further studies with large sample size in order 
to target the precise molecular mechanisms by 
which miR-140-3p contributes to the recur-
rence and invasion of spinal chordoma are 
needed.
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