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	 Background:	 Osteosarcoma is the most common primary bone cancer and has a broad spectrum of histological subtypes. 
Stathmin 1 (STMN1) is a cytosolic phosphoprotein that is expressed in several types of cancer. The aim of this 
study was to evaluate the expression levels of STMN1 in osteosarcoma with clinicopathological characteristics 
and patient prognosis.

	 Material/Methods:	 The expression of STMN1 in tumor tissue from 94 patients with OS was detected and evaluated using an im-
munohistochemical score to divide the patients into low expression and high expression groups. Correlation 
between STMN1 expression and clinicopathological factors were analyzed with Fisher’s test, the prognostic 
value of expression levels of STMN1 in tumor tissue was evaluated by Kaplan-Meier univariate analysis, and 
independent prognostic factors were identified using the Cox regression model.

	 Results:	 Low expression of STMN1 was found in 43.62% of cases and high expression of STMN1 was found in 56.38% 
of cases of osteosarcoma. High tumor expression of STMN1 was significantly associated with the presence of 
metastases (P=0.028), Enneking surgical stage (P=0.030), tumor response to chemotherapy (P=0.011), and the 
site of tumor origin (P=0.023). High tumor expression of STMN1 was a prognostic marker in patients with os-
teosarcoma for poor prognosis (P=0.016), poor response to chemotherapy (P=0.004), the presence of metas-
tases (P=0.003), advanced Enneking surgical stage (P=0.014), and the chondroblastic osteosarcoma subtype 
(P=0.004). The expression STMN1 was identified as an independent prognostic biomarker of osteosarcoma.

	 Conclusions:	 Increased expression of STMN1 in tumor tissue was an independent prognostic biomarker in patients with 
osteosarcoma.
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Background

Osteosarcoma is one of the most common forms of malig-
nancy of bone and is characterized by early metastasis [1]. 
Children and adolescents between the ages of 10–20 years 
have the highest morbidity and mortality from osteosarco-
ma [2]. Osteosarcoma has a broad spectrum of histological 
subtypes, which are considered to have different biological be-
havior [3]. According to the World Health Organization (WHO) 
classification, osteosarcoma includes three major subtypes, os-
teoblastic osteosarcoma, chondroblastic osteosarcoma, and fi-
broblastic osteosarcoma, based on the predominant type of 
matrix within the tumor; other histological variants include 
telangiectatic osteosarcoma and small cell osteosarcoma [4].

Osteosarcoma has a poor prognosis, as local invasion and 
metastatic disease can progress rapidly, and patients have a 
variable response to therapy. More than half of patients with 
primary osteosarcoma who do not receive postoperative adju-
vant therapy suffer from metastases within a six-month peri-
od and >80% of patients undergo relapse within two years of 
diagnosis. Local invasion of the adjacent bone tissue occurs 
in between 15–30% of patients with osteosarcoma, and me-
tastasis to the lungs occurs to approximately 95% of the pa-
tients [5]. These clinicopathological characteristics of osteosar-
coma explain the poor prognosis. The 5-year overall survival 
rate is approximately 20% in patients with osteosarcoma who 
have metastases on initial diagnosis, and the 5-year survival 
rates for patients with non-metastatic osteosarcoma at initial 
presentation range from 65–70% when treated with adjuvant 
therapy in addition to surgery [6]. Given the aggressive clin-
ical course and high rate of metastases of primary osteosar-
coma of bone, there is an urgent need to find new biomark-
ers to patient prognosis and to assist in treatment decisions.

Stathmin 1 (STMN1) is a cytosolic phosphoprotein (18 kDa) 
that is involved in the regulation of the cell microtubule fila-
ment system by destabilizing microtubules [7]. STMN1 is wide-
ly expressed in the cell cytoplasm and is involved in multiple 
cellular functions, including cell proliferation, differentiation, 
motility, clonogenicity, and cell survival by preventing assem-
bly and promoting disassembly of microtubules [8]. Because 
of its role in destabilizing the cell microtubules, STMN1 has 
a key role in carcinogenesis and cancer progression, includ-
ing cell migration, invasion, and metastasis [9]. The overex-
pression of STMN1 has been reported in several types of hu-
man cancer, including breast cancer, prostate cancer, gastric 
cancer, and hepatocellular carcinoma [10–12]. Also, previous 
studies have shown that the progression of tumor cells was 
promoted by regulating STMN1 expression, indicating the po-
tential of STMN1 as a biomarker for malignancy and the be-
havior of malignant cell [8].

Although studies on the role of STMN1 in human osteosarco-
ma are lacking, a recently published in vitro study of human 
osteosarcoma cell lines showed that knockdown of the STMN1 
gene enhanced osteosarcoma cell chemosensitivity by inhib-
iting autophagy, indicating that STMN1 might be a potential 
target for the treatment of chemoresistance in osteosarco-
ma [13]. However, the clinical significance of STMN1 expres-
sion in human osteosarcoma in vivo remains to be elucidat-
ed, and the underlying molecular mechanisms for the effects 
of STMN1 are still unknown.

Therefore, the aim of this study was to evaluate the expres-
sion levels of STMN1 in osteosarcoma tissue, using immuno-
histochemistry (IHC), and to evaluate these expression levels 
with clinicopathological characteristics and patient prognosis.

Material and Methods

Patients studied

The study was approved by the Ethics Broad of Yidu Central 
Hospital and Shenzhen Second Peoples’ Hospital. All patients 
who provided osteosarcoma tissue for this study provided 
written informed consent. Between 2002–2016, a total of 223 
patients underwent surgery for osteosarcoma in Yidu Central 
Hospital and Shenzhen Second Peoples’ Hospital, with the his-
tological diagnosis of osteosarcoma confirmed by two senior 
pathologists. There were 94 patients selected in the study co-
hort who had no systemic therapy prior to surgery, but who 
underwent standard postoperative adjuvant therapy. Patients 
who had died within two months of surgery were excluded 
from the study as these patients were considered to have died 
from perioperative complications.

The overall survival rates for each patient were identified as 
being from the date of surgery to the date of death or the date 
of the last clinical follow-up. After discharge from the hospital, 
patients were followed-up by telephone, with follow-up rang-
ing from between 4–107 months, with the average follow-up 
time being 27.2 months. The clinical stages of osteosarcoma 
were defined by the standard developed by Enneking et al. [14].

Immunohistochemistry (IHC) for stathmin 1 (STMN1)

Immunohistochemical staining was used for the detection of 
STMN1 using the streptavidin-peroxidase complex method, as 
previously described [15,16]. Osteosarcoma tissue obtained at 
surgery from each patient was routinely processed for diagno-
sis using formalin-fixed, paraffin wax-embedded tissue blocks, 
from which sections were cut onto glass slides. Xylene and 
graded alcohol were used for deparaffinization and rehydra-
tion of the tissue sections. Sections were incubated in citrate 
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buffer for antigen retrieval, and in 3% hydrogen peroxide to 
block endogenous peroxidase. Nonspecific binding of anti-
bodies was blocked by incubation of the tissue sections in 5% 
bovine serum albumin (BSA) and the sections were washed. 
The sections were incubated with the anti-STMN1 primary 
antibody (sc-48362) (Santa Cruz, CA, USA) at 4°C overnight. 
After rinsing with phosphate buffered saline (PBS), the sec-
tions were incubated with the secondary antibodies (Sangon, 
Shanghai, China) for 2 hours at room temperature. The strep-
tavidin-peroxidase complex reagent (Sangon, Shanghai, China) 
and 3,3’-diaminobenzidine (DAB) (brown) solution (Sangon, 
Shanghai, China) were applied for visualization of the local-
ization of the STMN1 immunostaining.

Evaluation of the IHC results

The results of IHC were semi-quantified with a visual scoring 
system, as previously described [17,18]. The evaluation of the 
IHC staining was performed by two pathologists who were un-
aware of the patients’ clinical data. This IHC scoring system 
consisted of two components: the score of staining intensity 
and the score of the percentage of positively-stained osteo-
sarcoma cells. Staining intensity scores were defined as fol-
lows: 0, negative staining; 1, weak staining; 2, medium stain-
ing; and 3, strong staining. The scores for the percentage of 
positively-stained cells included: 1, between 0–25%; 2, be-
tween 25–50%; 3, as >50%. The final IHC staining score was 
defined as the product of these two scores and ranged from 
an IHC staining score of between 0–9.

Using the IHC staining scores, cut-off values were used to di-
vide the patients into different groups. The value of the cut-off 
score was identified as the value that gave the highest sum-
mary of sensitivity plus specificity derived from the receiver-
operating characteristic (ROC) curve, according to the meth-
od previously described [19,20].

Statistical analysis

Data were analyzed with SAS software (Cary, NC, USA) or SPSS 
software (IBM Co., Chicago, IL, USA). The correlation between 
STMN1 expression and clinicopathological factors were analyzed 
with Fisher’s test, the prognostic value of expression levels of 
STMN1 in tumor tissue was evaluated by Kaplan-Meier uni-
variate analysis and the log-rank test, and independent prog-
nostic factors were identified using the Cox regression model 
to identify the independent prognostic risk. A P-value of <0.05 
was considered to be statistically significant.

Results

Expression and localization of stathmin 1 (STMN1) in 
osteosarcoma

Immunohistochemistry (IHC) showed that stathmin 1 (STMN1) 
was mainly expressed in the cell cytoplasm of osteosarcoma 
cells, which was consistent with its function as a microtu-
bules destabilizer. Representative images of the light micros-
copy of low STMN1 immunostaining and high STMN1 immu-
nostaining are shown in the photomicrographs presented in 
Figure 1A and 1B. As shown in Table 1, the study cohort con-
sisted of 19 female patients and 75 male patients with osteo-
sarcoma. Patients who were <20 years-of-age accounted for 
80.85% of all cases of osteosarcoma. The percentage of tu-
mors showing low expression and high expression of STMN1 
was 43.62% and 56.38%, respectively.

Correlation between STMN1 expression in osteosarcoma 
tissue and clinicopathological findings

The correlation between STMN1 expression in osteosarcoma 
tissue and patient clinicopathological factors was evaluated 
with Fisher’s test and are shown in Table 2. A high tissue ex-
pression level of STMN1 was significantly associated with the 
presence of metastases (P=0.028) and an advanced Enneking 
surgical stage (P=0.030), which were consistent findings, as 
metastatic status is an important parameter in the Enneking 
surgical stage for osteosarcoma. Also, STMN1 expression was 
significantly correlated with the site of origin of osteosarcoma 
(P=0.023), with an origin from the tibia or humerus being as-
sociated with an increased level of tissue STMN1 expression. 
Patients with high tissue expression levels of STMN1 had a poor-
er response to chemotherapy (P=0.011), indicating that STMN1 
might be involved in the chemoresistance of osteosarcoma cells.

Survival rates and clinicopathological factors in patients 
with osteosarcoma

The correlation between the overall survival rates and the clini-
copathological factors were evaluated using univariate analysis 
to identify the prognostic associations (Table 3). High expres-
sion levels of STMN1 was significantly associated with poor 
prognosis (P=0.016) (Figure 2A). Poor response to chemother-
apy (P=0.004), the presence of metastases (P=0.003) and ad-
vanced Enneking surgical stage (P=0.014) were all associat-
ed with poor prognosis (Figure 2B–2D). Also, chondroblastic 
osteosarcoma had the lowest survival rates when compared 
with the other tumor types, including osteoblastic osteosar-
coma, fibroblastic osteosarcoma, and telangiectatic osteosar-
coma (Figure 2E). This finding might be explained by the fact 
that most cases of chondroblastic osteosarcoma were insen-
sitive to chemotherapy, as previously reported [21].
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Independent prognostic risk factors

The independent prognostic factors of osteosarcoma were 
identified with multivariate analysis following univariate sta-
tistical analysis. The clinicopathological factors with P<0.10 in 
univariate analysis were enrolled into the multivariate anal-
ysis with the Cox-regression model for the identification of 
independent prognostic factors (Table 4). Enneking surgical 
stage was excluded from the analysis because this staging 
system includes the presence of metastasis. In this study, ex-
pression of STMN1 in osteosarcoma tissue using IHC was con-
firmed as an independent prognostic biomarker predicting the 
poor prognosis of osteosarcoma, confirmed by P-values, the 
hazard ratio (HR) and 95% confidence interval (CI) (P=0.012; 
HR=4.31; 95% CI, 1.48–13.4). Also, a poor response to chemo-
therapy (P=0.023) and positive distant metastases (P=0.005) 

were shown to be significant independent prognostic factors 
in the patients with osteosarcoma. The chondroblastic type of 
osteosarcoma was an independent risk factor of poor prog-
nosis (P=0.009; HR=4.25), while the telangiectatic type of os-
teosarcoma was an independent predictor of favorable prog-
nosis (P=0.034; HR=0.07). Osteosarcoma that originated from 
the tibia was a favorable prognostic factor when compared 
with osteosarcoma from the other sites (P=0.035; HR=0.16).

Discussion

Stathmin 1 (STMN1) is a cytosolic phosphoprotein that is in-
volved in the regulation of the cell microtubule filament system 
by destabilizing microtubules [7]. The aim of this study was 
to evaluate the expression levels of STMN1 in osteosarcoma 

Low expression of STMN1

200×

High expression of STMN1A B

Figure 1. �Immunohistochemistry (IHC) shows the expression of stathmin 1 (STMN1) in osteosarcoma tissues. (A) Photomicrograph 
of the immunohistochemistry staining for stathmin 1 (STMN 1) in osteosarcoma tissue shows low expression levels. 
Magnification ×200. (B) Photomicrograph of the immunohistochemistry staining for STMN 1 in osteosarcoma tissue shows 
high expression levels. Magnification ×200.
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Characters Number Percentage

Sex

	 Female 19 20.21%

	 Male 75 79.79%

Age

	 <20 76 80.85%

	 ≥20 18 19.15%

Tumor size (cm)

	 <8 61 64.89%

	 ³8 33 35.11%

Enneking stage

	 I 10 10.64%

	 II 62 65.96%

	 III 22 23.40%

Site

	 Femur 44 46.81%

	 Tibia 20 21.28%

	 Humerus 15 15.96%

	 Fibula 7 7.45%

	 Others 8 8.51%

Histopathology

Osteoblastic 33 35.11%

	 Fibroblastic 21 22.34%

	 Chondroblastic 16 17.02%

	 Telangiectatic 11 11.70%

	 Others 13 13.83%

Metastasis

	 No 72 76.60%

	 Yes 22 23.40%

Response to chemotherapy

	 Good 40 42.55%

	 Poor 54 57.45%

STMN1

	 Low 41 43.62%

	 High 53 56.38%

Table 1. Basic data of test cohort.

Characters
STMN1

P*
Low High

Sex

	 Female 10 9 0.442

	 Male 31 44

Age

	 <20 37 39 0.063

	 ³20 4 14

Tumor size (cm)

	 <8 27 34 0.864

	 ³8 14 19

Enneking stage

	 I 7 3 0.030

	 II 29 33

	 III 5 17

Site

	 Femur 24 20 0.023

	 Tibia 9 11

	 Humerus 2 13

	 Fibula 1 6

	 Others 5 3

Histopathology

	 Osteoblastic 13 20 0.727

	 Fibroblastic 11 10

	 Chondroblastic 8 8

	 Telangiectatic 5 6

	 Others 4 9

Metastasis

	 No 36 36 0.028

	 Yes 5 17

Response to chemotherapy

	 Poor 11 29 0.011

	 Good 30 24

Table 2. �Correlation between STMN1 and clinicopathologic 
factors.

* Fisher test.
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tissue, using immunohistochemistry (IHC), and to evaluate 
these expression levels with clinicopathological characteristics 
and patient prognosis. The findings showed that increased ex-
pression of STMN1 in tumor tissue was an independent prog-
nostic biomarker in patients with osteosarcoma.

In proliferating cells, including malignant cells, microtubules 
are essential components involved in cell division through the 
formation of the mitotic spindle. The regulation of microtubule 
dynamics mainly includes microtubule destabilization or stabi-
lization [22]. The destabilization of microtubules can drive tu-
bulin polymerization, resulting in activation of microtubule dy-
namics, which is essential for progression through mitosis [22]. 
Some agents, such as paclitaxel, function mainly by stabilizing 
microtubules and suppress tumor cells progression. Knockdown 
of the STMN1 gene has been shown to cause a delayed G2 phase 
and an increase in the rate of apoptosis in several cancer cell 
lines [23]. Studies undertaken in vitro and in vivo have previous-
ly shown that downregulation of STMN1 resulted in the inhibi-
tion of mesenchymal cell motility, while high levels of STMN1 
was correlated with the metastatic phenotype of human sar-
comas [24]. These previous study findings have suggested that 
STMN1 should be further investigated as a potential drug target 
in the treatment of the tumors, including sarcoma.

The oncogenic role of STMN1 in cancer cells proliferation and 
migration has been previously studied, and in sarcoma cells, 
the interaction of STMN1 with p27Kip1 was shown to regu-
late cell proliferation and invasion [24]. The oncogenic role of 
STMN1 has been previously demonstrated in several types of 
cancer or in cancer cell lines [25]. In osteosarcoma cells, knock-
down of the STMN1 gene was previously shown to enhance 
chemosensitivity of osteosarcoma cells to paclitaxel through 
inhibition of autophagy [13].

In the present study, the prognostic role of STMN1 expression 
in osteosarcoma was demonstrated using IHC and showed, 
for the first time, that increased expression levels of STMN1 
were correlated with several clinicopathologic factors includ-
ing the presence of metastases and response to chemother-
apy. These preliminary findings support the need for further 
controlled clinical studies on the role of STMN1 in the progres-
sion of human osteosarcoma and might trigger interest in fur-
ther studies on the role of STMN1 as a prognostic biomarker 
in osteosarcoma. Importantly, the underlying molecular mech-
anisms on the role of STMN1 leading to tumor metastasis and 
chemoresistance in osteosarcoma should be explored further.

The establishment of new chemotherapeutic agents and tar-
geted therapy in malignancy relies on the finding of effective 
diagnostic and prognostic biomarkers. However, as supported 
by the latest version of the National Comprehensive Cancer 
Network (NCCN) guidelines, there are still no satisfactory 

Characters
5-year  

survival rate
P*

Sex

	 Female 58.4 0.274

	 Male 37.3

Age

	 <20 50.4 0.412

	 ³20 69.5

Tumor size (cm)

	 <8 63.0 0.902

	 ³8 43.7

Enneking stage

	 I 71.4

	 II 55.0 0.014

	 III 45.4

Site

	 Femur 60.1

	 Tibia 86.5 0.056

	 Humerus 35.5

	 Fibula 40.0

	 Others 0.0

Histopathology

	 Osteoblastic 45.6

	 Fibroblastic 62.0 0.004

	 Chondroblastic 23.3

	 Telangiectatic 90.9

	 Others 76.9

Metastasis

	 No 56.9 0.003

	 Yes 45.4

Response to chemotherapy

	 Poor 34.9 0.004

	 Good 66.3

STMN1

	 Low 65.9 0.016

	 High 39.7

Table 3. �Correlation between clinicopathologic factors and 
survival rates.

* Log-rank test to analyzed the difference of 5-year survival rate.
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Figure 2. �Survival curves for patients with osteosarcoma stratified by stathmin 1 (STMN1) expression, response to chemotherapy, 
metastasis, Enneking stage and histological type. (A) Patients with high levels of tumor tissue expression of stathmin 1 
(STMN1) had lower survival rates compared with those with low levels of tumor tissue expression of STMN1. (B) Patients 
with a poor response to chemotherapy had lower survival rates compared with patients with a good response to 
chemotherapy. (C) Patients who were negative for tumor metastasis had lower survival rates compared with patients who 
had tumor metastases. (D) Patients with an advanced Enneking stage had lower survival rates compared with patients 
with an early Enneking stage. (E) Patients with chondroblastic osteosarcoma had the lowest survival rates; patients with 
telangiectatic osteosarcoma had the highest survival rates.
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prognostic biomarkers for osteosarcoma [26]. The identifica-
tion of new prognostic biomarkers for osteosarcoma may result 
in the development of new targeted drugs to prolong patient 
survival. Following several controlled clinical trials, sorafenib 
and everolimus are now used as second-line treatments for 
patients with advanced osteosarcoma.

In the present study, STMN1 was identified as an independent 
prognostic biomarker for osteosarcoma and was significantly 
correlated with the presence of metastases, which raises the 
possibility that future development of drugs that target STMN1 
could be developed for osteosarcoma therapy. Currently, al-
though there are no marketable specific inhibitors of STMN1, 
other drugs affecting microtubule dynamics may have a similar 
inhibitory function, such as eribulin, a drug targeting microtubule 
dynamics, which has been shown to inhibit mitosis and induce 
cell necrosis in osteosarcoma cells via suppressing microtubule 
dynamic stability in preclinical models of osteosarcoma [27]. 
It is hoped that the findings of the present study will encourage 
future studies on drug discovery and development in the area 
of microtubule dynamics and the treatment of osteosarcoma.

Conclusions

The findings of this study showed that increased expression of 
stathmin 1 (STMN1) in human osteosarcoma tissue was iden-
tified as an independent prognostic biomarker. In future, the 
detection of STMN1 expression could be used to stratify pa-
tients with osteosarcoma patients more precisely and to iden-
tify high-risk patients. Furthermore, future studies may be un-
dertaken to determine whether treatment targeted to STMN1 
might improve patient prognosis in osteosarcoma.

Conflict of interest
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Characters HR 95%CI P*

Site

	 Femur 1

	 Tibia 0.16 0.03–0.88 0.035

	 Humerus 1.47 0.47–4.58 0.512

	 Fibula 0.66 0.12–3.62 0.636

	 Others 0.98 0.27–3.63 0.980

Histopathology

	 Osteoblastic 1

	 Fibroblastic 1.05 0.33–3.35 0.940

	 Chondroblastic 4.25 1.44–12.5 0.009

	 Telangiectatic 0.07 0.01–0.82 0.034

	 Others 0.25 0.04–1.43 0.120

Metastasis

	 No 1

	 Yes 4.47 1.60–13.4 0.005

Response to chemotherapy

	 Poor 1

	 Good 0.35 0.14–0.87 0.023

STMN1

	 Low 1

	 High 4.31 1.48–13.4 0.012

Table 4. Multivariate analysis.

* Means calculated with Cox-regression model.
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