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Abstract: Chordoma is a rare and low-malignant neoplasm which is considered to arise from notochord remnants. 
Due to its large resistance to chemotherapy and radiotherapy, surgical resection so far is the prior treatment for 
chordoma. However, the recurrence rate is high even after complete surgical resection. Recently, targeted cancer 
therapy has been demonstrated to be effective in several other tumors, while the related research on chordoma is 
rare. Mitogen-activated protein kinase signaling pathway is acknowledged to participate in tumor development, in 
which Raf-1 and extracellular regulated protein kinase 1/2 (ERK1/2) play vital roles. In this study, we evaluated the 
expression of Raf-1 and ERK1/2 by immunohistochemical staining in 42 chordoma tissue and 16 distant normal tis-
sue. Moreover, we also investigated the correlations of Raf-1 and ERK1/2 expression with clinical features in sacral 
chordoma. Expression of Raf-1 and ERK1/2 was both significantly higher in sacral chordoma tissue than distant 
normal tissue (P = 0.008, P = 0.019). Raf-1 positive expression was related to surrounding muscle invasion (P = 
0.032) and chordoma recurrence (P = 0.002), but the results did not indicate any association with patients’ age, 
gender, tumor size and location. ERK1/2 was associated with tumor size (P = 0.044) instead of other clinical fac-
tors (P > 0.05). Spearman correlation test showed close relation between ERK1/2 and Raf-1 (P = 0.001, r = 0.518). 
Kaplan–Meier survival Curve and log-rank test showed that Raf-1 positive expression was associated with shorter 
continuous disease-free survival time (CDFS) (P = 0.001), while ERK1/2 had no relation to CDFS (P = 0.961). 
Conclusively, Raf-1 may be an important biomarker in predicting the prognosis of chordoma patients.
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Introduction

Chordoma is a rare, slow-growing and aggres-
sive neoplasm which accounts for 1%-4% of all 
primary bone tumors [1]. It is considered to 
stem from embryonic remnants of the noto-
chord and occurs most commonly within the 
sacrum (50-60%) [2-4]. The overall 5 and 
10-year survival rates following sacrectomy are 
45-77% and 28-50% respectively [5]. As chor-
doma is largely resistant to conventional che-
motherapy and radiotherapy, surgical resection 
is the mainstay of chordoma treatment [6]. 
However, the high recurrence rate does occur 
even after complete resection, which leads to 
poor prognosis [7]. Therefore, assessing risk 
factors for chordoma clinical behaviors is of 
great value. 

Previous studies have shown that activation of 
the Raf/mitogen-activated extracellular signal-
regulated kinase (MEK)/extracellular regulated 
protein kinase (ERK) signaling cascade pro-

motes an autocrine growth loop critical for 
tumor genesis, cell proliferation, apoptosis and 
survival [8, 9]. Raf-1 and ERK1/2, which are 
important members of this pathway, have been 
reported to be up-regulated in several cancers 
and correlated with tumor progression [10-16]. 
Several studies reported that overexpression of 
Raf-1 in cancer had close relationship with 
patients’ poor prognosis [10, 17]. However, to 
our knowledge, whether the expression of Raf-1 
and ERK1/2 is involved in the development and 
recurrence of sacral chordoma remains unclear 
now. Thus, the purpose of this study is to evalu-
ate the expression of Raf-1 and ERK1/2 in sa- 
cral chordoma and investigate their association 
with clinical factors and patients’ prognosis. 

Materials and methods

Patients and tissue samples 

In this study, 42 patients (24 males and 18 
females) were collected and they received the 
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first tumor resection at the First Affiliated 
Hospital of Soochow University (Suzhou, china) 
from 1996 to 2012. All of them were histopath-
ologically diagnosed to be chordoma and the 
average age at the time of surgery was 50.3 
years (18-77 years). Meanwhile, 16 distant nor-
mal tissue specimens, which were used as con-
trol, were obtained at least 3 cm away from sur-
gical margins. All the specimens were fixed in 
10% formalin and embedded in paraffin. The 
medical record was reviewed to obtain clinical 
information for each case, including patients’ 
age, gender, tumor location, tumor size, sur-
rounding muscle invasion and pathological 
results. Surrounding muscle invasion, which 

means the tumor invasion into surrounding 
muscle, was evaluated by magnetic resonance 
images before surgery. Our study was approved 
by the Institutional Research Ethics Committee 
and all the patients gave informed consent. 

Immunohistochemistry

EnVision two-step staining method was used to 
perform immunohistochemical staining on 
4-um-thick tissue sections. The sections were 
dewaxed in xylene and rehydrated in ethanol 
before the antigen retrieval. The primary anti-
bodies used were rabbit monoclonal anti-Raf-1 
(ab32025, Abcam, Cambridge, UK, dilution at 

Figure 1. A. Negative expression of Raf-1 in sacral chordoma. B. Positive expression of Raf-1 in sacral chordoma. 
C. Negative expression of ERK1/2 in sacral chordoma. D. Positive expression of ERK1/2 in sacral chordoma (mag-
nification, ×400).

Table 1. Expression of Raf-1 and ERK1/2 in sacral chordoma and distant normal tissue

Tissue sample N
Raf-1 expression

P value
ERK1/2 expression

P value
Positive (%) Positive (%)

Sacral chordoma 42 18 (43%) 0.008 25 (60%) 0.019
Distant normal tissue 16 1 (6%) 4 (25%)
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1/50) and mouse monoclonal anti-ERK1/2 
(#4696, Cell Signaling Technology, Boston, US, 
dilution at 1/100). Secondary antibody used 
was ChemMateTM EnVisionTM Detection Kit 
(GK500710, Gene Tech, Shanghai, China). For 
positive controls, tissue sections of colon carci-
noma with known positivity were used in each 
batch of staining. Negative controls were pre-
pared by substituting Phosphate Buffered 
Solution (PBS) for primary antibody. 

The evaluation of immunohistochemistry was 
assessed and scored independently by two 
experienced pathologists who were blinded to 
the patients’ clinicopathological information 
and outcome. We evaluated the staining semi-
quantitatively based on the percentage of posi-
tive staining and color intensity. The percent-
age of positive staining tumor cells was scored 
as 0 (0%), 1 (< 20%), 2 (20-50%), 3 (> 50%). The 
color intensity was scored as 0 (no staining), 1 
(weak staining), 2 (moderate staining), 3 (strong 
staining). The product of both scores was used 
as the final score. We divided the specimens 
into two groups according to the final score: 
0-2, negative; 3-9, positive. 

Follow-up

In the first two years after opera-
tion, patients took plain radio-
graphs, computed tomography 
scans and MR imaging test every 
three months, and after three 
years they would take those 
imaging tests at six-month inter-
vals. Continuous disease-free 
survival time (CDFS) was defined 
as the time interval from primary 
surgery to tumor recurrence. 

Statistical analysis

Statistical analysis was per-
formed by using SPSS 18.0 sta-
tistical software (SPSS Inc, 
Chicago, IL). Student’s t test and 
Chi-Square analysis method 
were used appropriately to eval-
uate the association of Raf-1 or 
ERK1/2 expression with clinical 
data of sacral chordoma 
patients. The correlation of Raf-1 
with ERK1/2 was assessed by 
Spearman correlation test. The 

Table 2. Association of Raf-1 and ERK1/2 expression with clini-
copathological factors in sacral chordoma

Parameters
N Raf-1 ERK1/2

Positive P value Positive P value
Age (years) 0.929 0.845
    < 50 19 8 14
    ≥ 50 23 10 11
Gender 0.418 0.276
    Male 24 9 16
    Female 18 9 9
Tumor size (mm) 0.710 0.044
    < 90 23 11 13
    ≥ 90 19 7 12
Tumor location 0.179 0.145
    Above S3 27 12 16
    S3 and below 15 6 9
Surrounding muscle invasion 0.032 0.568
    Yes 20 12 11
    No 22 6 14
Recurrence 0.002 0.753
    Yes 21 14 12
    No 21 4 13

effect of Raf-1 or ERK1/2 up-regulation on 
CDFS was estimated by Kaplan-Meier survival 
curve and log-rank test. P < 0.05 was 
considered statistically significant. 

Results

In this study, positive expression of Raf-1 was 
mainly in the cytoplasm of chordoma cell, while 
ERK1/2 positive staining was mainly in the 
nucleus and cytoplasm of chordoma cell (Figure 
1). The average expression level of Raf-1 or 
ERK1/2 in sacral chordoma tissue specimens 
was significantly higher than distant normal 
muscle tissue samples (P = 0.008, P = 0.019) 
(Table 1). The positive expression of Raf-1 in 
sacral chordoma was 43% (18/42), while it was 
only 6% (1/16) in 16 distant normal tissue 
(Table 1). ERK1/2 had positive expression in 
59.5% (25/42) chordoma tissue and 25% 
(4/16) normal tissue. Chi-Square analysis 
showed high expression of Raf-1 was related to 
surrounding muscle invasion (P = 0.032, Table 
2). No significant association was discovered 
between Raf-1 expression and patients’ age, 
gender, tumor size and location (P > 0.05, Table 
2). In addition, the results indicated ERK1/2 
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was correlated with tumor size (P = 0.044) but 
not other clinical factors of chordoma (P > 0.05, 
Table 2). Spearman correlation test showed 
close relationship between Raf-1 and ERK1/2 
(P = 0.001, r = 0.518). 

Moreover, follow-up data was obtained for all 
cases. The average duration of follow-up was 
123.6 months (range 23-216 months). The 
local recurrence rate was 50% (21/42) and 
median recurrence time was 52.5 months. Of 
all the patients with Raf-1 positive expression, 
78% (14/18) recurred, while in patients with 
low expression of Raf-1, 29% (7/24) relapsed (P 
= 0.002, Table 2). Kaplan-Meier survival curve 
and log-rank test showed patients with positive 

expression of Raf-1 had a shorter median CDFS 
(23.5 versus 78.0 months, P = 0.001, Figure 2). 
Furthermore, the results showed ERK1/2 posi-
tive expression was not related to tumor recur-
rence (P = 0.753) and the difference of CDFS in 
positive and negative group was not statistical-
ly significant (P = 0.961, Figure 3). 

Discussion 

Sacral chordoma is a primary malignant bone 
tumor which has a high local recurrence rate. 
The incidence rate is 0.8/1000000/year, with 
about 1.8 times higher in males than females 
[18, 19]. Frequent recurrence, even after wide 
en-bloc resection, is the problem confuses us 
most [7]. It suggests that there may be existed 
several unknown risk factors besides the resec-
tion range. Our previous studies have shown 
that tumor location and surrounding muscle 
invasion may be the risk factors for chordoma 
recurrence [20, 21]. To the best of our knowl-
edge, the molecular mechanism for the clinical 
behaviors of sacral chordoma is field with insuf-
ficient investigation. Accumulating evidence 
showed that up-regulation of Raf-1 and ERK1/2 
was observed in several other cancer types and 
their over-expression was closely related to cell 
proliferation and tumor progression [11, 15, 
22, 23]. Based on these studies, we speculated 
that Raf-1 and ERK1/2 were elevated in sacral 
chordoma and might have reasonable prognos-
tic roles for chordoma patients. 

Over-expression of Raf-1 in transgenic mice 
made them prone to develop lung cancer and it 
was regarded as an early tumor marker for 
human lung adenocarcinoma [11, 13]. Dai et al. 
[10] also detected that Raf-1was highly 
expressed in 49% hepatocellular carcinoma tis-
sue specimens. In this study, about 43% tumor 
samples presented positive expression of Raf-
1. The expression of Raf-1 was obviously elevat-
ed in chordoma tissue samples compared to 
surrounding normal muscle tissue specimens 
(P < 0.05). ERK1/2 was reported to be highly 
expressed in colon adenocarcinoma and endo-
metrioid adenocarcinoma [16, 24]. Consistent 
with these studies, we also found the level of 
ERK1/2 in sacral chordoma tissue was signifi-
cantly higher than surrounding normal tissue (P 
= 0.019). In addition, we also found Raf-1 
expression was associated with ERK1/2 (P = 
0.001). These studies demonstrated that Raf-1 
and ERK1/2 may be key factors in the develop-
ment of sacral chordoma. 

Figure 2. Continuous disease-free survival according 
to the expression of Raf-1 in sacral chordoma.

Figure 3. Continuous disease-free survival according 
to the expression of ERK1/2 in sacral chordoma.
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Previous studies have shown that Raf-1 was 
significantly related to promoting tumor cell 
proliferation and invasion [25, 26]. Over-
expression of Raf-1 in epithelial cells affected 
the expression of genes which were involved in 
promoting cell proliferation, invasion and angio-
genesis [27]. The expression of Raf-1 was cor-
related with surrounding normal muscle inva-
sion (P < 0.05), but had no association with 
patients’ age, gender, tumor location and size. 
Interestingly, we found ERK1/2 expression was 
related to tumor size but not other clinical fea-
tures of chordoma (P = 0.044). ERK1/2 has 
been shown to regulate cell survival and prolif-
eration, which plays a pivotal role in tumor 
growth [28]. Activation of Raf-1 signaling path-
way was reported to promote an invasive phe-
notype in breast cancer cells [26]. Taken 
together, Raf-1 and ERK1/2 may be of great 
value in enhancing cell proliferation and inva-
sion of chordoma. 

In present study, we revealed that expression 
of Raf-1 has close relationship with chordoma 
recurrence (P < 0.05). Of all the patients with 
positive Raf-1 expression, 78% developed local 
recurrence, while similar phenomenon was 
observed in hepatocellular carcinoma, in which 
the elevation of Raf-1 was involved in tumor 
recurrence [10]. The continuous disease-free 
survival time was significantly shorter in Raf-1 
positive group than negative group. Similarly, 
patients with Raf-1 up-regulation had signifi-
cantly shorter time to relapse in androgen 
insensitive prostate cancer [17]. Raf-1 was like-
ly to induce proliferation of tumor cells and pro-
mote invasive ability in vitro study [11]. Loss of 
Rictor promoted matrix metalloproteinase-9 
activity and invasion through Raf-1/ERK path-
way in glioma cells [29]. Even though we found 
ERK1/2 was highly expressed in chordoma tis-
sue, we did not find any statistically significant 
correlation between ERK1/2 and CDFS in 
sacral chordoma (P = 0.961). Krishdeep S et al. 
[30] showed phosphorylated ERK1/2 (p-ERK) 
instead of ERK1/2 was correlated with progno-
sis of Pancreatic Carcinoma. Over-expression 
of Raf-1 was considered as an independent 
prognostic biomarker and correlated with 
shorter disease free survival in hepatocellular 
carcinoma [10]. In brief, Raf-1 may play a pivot-
al role in predicting the prognosis of chordoma 
patients. 

In conclusion, we evaluated the expression of 
Raf-1 and ERK1/2 in sacral chordoma and ana-

lyzed their association with tumor prognosis. 
Over-expression of Raf-1 was significantly cor-
related with tumor invasion. Although ERK1/2 
was over-expressed in chordoma, it was not 
related to tumor recurrence. Raf-1 might 
become a valuable biomarker in predicting the 
tumor recurrence and patients’ prognosis in 
sacral chordoma. However, further study was 
required to evaluate the exact role of Raf-1 and 
ERK1/2 in the development and progression of 
sacral chordoma.
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