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Abstract
Background: Stathmin as a critical protein involved in microtubule polymerization, is necessary for survival of cancer
cells. However, extremely little is known about Stathmin in glioblastoma. So, this study was designed to elucidate the
function of Stathmin gene in the tumorigenesis and progression of glioblastoma cells.
Method: The lentiviral interference vector pLV3-si-Stathmin targeting Stathmin gene and the control vector pLV3-NC
were established for the co-transfection of 293T cells together with the helper plasmids. Viral titer was determined
via limiting dilution assay. Then pLV3-si-Stathmin and pLV3-NC were stably co-transfected into U373 and U87-MG
glioblastoma cells. Expression levels of Stathmin protein in each group were determined by using Western Blot, and
the proliferation and migration ability of the cells with downregulated Stathmin were evaluated through CCK8 assay
and transwell invasion assay, respectively. Cell cycles and cell apoptosis were detected with flow cytometry. Finally,
the effect of Stathmin in tumor formation was determined in nude mice.
Result: DNA sequencing and viral titer assay indicated that the lentiviral interference vector was successfully established with a viral titer of 4 × 108 TU/ml. According to the results from Western Blotting, Stathmin protein expression
level decreased significantly in the U373 and U87-MG cells after transfected with pLV3-si-Stathmin, respectively,
compared with those transfected with pLV3-NC. In glioblastoma cells, the cell proliferation and migration were greatly
inhibited after the downregulation of Stathmin protein. Flow cytometry showed that much more cells were arrested
in G2/M phasein Stathmin downregulated group, compared with the non-transfection group and NC group. But
Stathmin downregulation did not induce significant cell apoptosis. Tumor formation assay in nude mice showed that
tumor formation was delayed after Stathmin downregulation, with a reduction in both tumor formation rate and
tumor growth velocity.
Conclusion: Stathmin downregulation affected the biological behaviors of U373 and U87-MG glioblastoma cells,
inhibiting the proliferation and migration of tumor cells. Stathmin gene may serve as a potential target in gene
therapy for glioblastoma.
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Background
Glioblastoma is the most common intracranial malignant
tumor and originates from the neural epithelia. Approximately 80% of patients with neuroglioma are complicated
with epilepsy [1]. So far, the therapeutic effect on glioblastoma, especially high-grade glioblastoma, remains
unsatisfactory.
Microtubule regulatory protein Stathmin, with a
molecular weight of 17 kDa, is highly conserved and
plays an important role in regulating the dynamic equilibrium of microtubule system [2]. Stathmin is involved
in the assembly and regulation of microtubules and
spindles through binding to the tubulin. Besides, it also
participates in cell proliferation, differentiation, regeneration and motion via binding to different proteins [3].
Stathmin is a key regulator of the signaling pathway, thus
affecting the cell growth. Up-regulated Stathmin has
been detected in various human tumors, including breast
cancer, lung cancer, cervical cancer, esophageal cancer,
endometrial cancer and liver cancer [4–8]. Therefore, it
is plausible to make Stathmin as a target in gene therapy
for tumors. Liu and Akhtar et al. had already shown that
Stathmin downregulation inhibited the cell migration
and cell proliferation in gastric cancer cells [9, 10], and
Marie observed that Stathmin was increased in glioblastoma and a strong correlation between MELK and Stathmin expressions in glioblastoma clinical samples [11]. In
the present study, we demonstrated that downregulation
of Stathmin expression inhibited the cell proliferation,
cell migration and tumor formation in nude mice of U373
and U87-MG glioblastoma cells. Furthermore, knockdown of the Stathmin expression also induced the cell
cycle arrest at G2/M phase, but no significantly statistical
difference on apoptosis rate in U373 and U87-MG cells.
So, Stathmin affects glioblastoma progression through
regulating cell proliferation, cell cycle and cell migration. Our finding demonstrates that Stathmin gene might
serve as a potential therapeutic target in glioblastoma.
Results
Downregulation of the Stathmin expression in U373
and U87‑MG glioblastoma cells

To study the role of Stathmin in glioblastoma, the expression of the Stathmin was knockdown by siRNA-Stathmin in U373 and U87-MG glioblastoma cells. Firstly, we
constructed the pLV3-NC and pLV3-si-Stathmin vectors, and obtained the pLV3-NC and pLV3-si-Stathmin
lentivirus to transfect the glioblastoma cells. The U373
and U87-MG cells were transfected with the pLV3NC and pLV3-si-Stathmin lentivirus, respectively, after
72 h, the blank cells and the transfected cells were collected for Western blot. As shown in Fig. 1, Stathmin was
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Fig. 1 The expression of Stathmin protein in U373 and U87-MG
cells by various treatment. Western blot result showed that Stathmin
protein was significantly decreased in pLV3-si-Stathmin group
compared with untransfected blank group and pLV3-NC group

downregulated in U373 and U87-MG cells after transfected with pLV3-si-Stathmin for 72 h. Based on these
results, the expression of Stathmin protein was downregulated in U373 and U87-MG cells by pLV3-si-Stathmin
lentivirus.
Downregulation of Stathmin expression affects
the proliferation of U373 and U87‑MG cells

To study the role of Stathmin in cell proliferation ability, we performed the transfection of U373 and U87-MG
cells by pLV3-si-Stathmin. Cell viability was measured
with CCK8 assay after transfection for the indicated time.
As shown in Fig. 2a, b, all of the blank cells and the cells
transfected with pLV3-NC and pLV3-si-Stathmin lentivirus were growing during 1–5 days. However, the cells
transfected with pLV3-si-Stathmin lentivirus significantly
decreased (P < 0.05, one way ANOVA) when compared
with the pLV3-NC and blank cells from 3rd to 5th day by
CCK-8 detection (Fig. 2a, b). These results indicate that
downregulation of Stathmin expression decreased the
cell proliferation of U373 and U87-MG.
Downregulation of Stathmin expression induces the cell
cycle arrest of U373 and U87‑MG cells

To further elucidate the growth suppressing effect of
Stathmin on U373 and U87-MG cells, we performed cell
cycle distribution analysis using flow cytometry after the
transfection of pLV3-si-Stathmin lentivirus for 72 h. The
cell cycle analysis results demonstrated that downregulation of Stathmin induced G2/M phase arrest significantly
in U373 and U87-MG cells (Fig. 3a, b). These results indicate that Stathmin expression is involved in the regulation of cell cycle in U373 and U87-MG cells.
Knockdown of Stathmin was insignificant on apoptosis
rate of U373 and U87‑MG cells

To study the role of Stathmin on cell apoptosis, U373 and
U87-MG cells were transfected by pLV3-si-Stathmin lentivirus for 72 h. Cell number of apoptosis was detected by
flow cytometry. As shown in Fig. 4, the mean apoptosis
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Fig. 2 Proliferation assay of U373 and U87-MG cells through various treatments. Growth curves of U373 cell (a) and U87-MG cell (b) from 1 to
5 days with three treatments (untransfected control, pLV3-NC transfected group and pLV3-si-Stathmin transfected group) detected through CCK-8
assay

rate of pLV3-si-Stathmin group, pLV3-NC group and
blank group was not significant in U373 and U87-MG
cells, respectively (P > 0.05).
Downregulation of Stathmin expression inhibits
the migration of U373 and U87‑MG cells

Stathmin plays an important role in modulation and
microtubule polymerization, so it may affect the cell
migration. To study whether Stathmin expression could
affect the cell migration, we also carried the assay by
downregulation of Stathmin. The U373 and U87-MG
cells were transfected with pLV3-NC and pLV3-siStathmin lentivirus, and 72 h later, the cells were seeded
to the transwell chamber, and the results showed in
Fig. 5a, b. Transwell assays showed that Stathmin downregulation significantly inhibited the migration of
U373 and U87-MG cells, and the inhibition rates were
53.09 ± 2.14% (P = 0.000) and 49.38 ± 7.71% (P = 0.00),
respectively (Fig. 5c, d). These results indicated that
knockdown of Stathmin expression could decrease the
migration ability of U373 and U87-MG cells.
Downregulation of Stathmin expression inhibits
tumorigenicity in nude mice

To determine the contribution of Stathmin to tumor
development of glioblastoma cells in vivo, we performed orthotopic injections of U373 and U87-MG
cells in mammary fat pads of nude mice. The blank cells,
pLV3-si-Stathmin or pLV3-NC lentivirus transfection
cells were injected into the mice respectively, and all
nude mice were sacrificed 12 weeks of initial implantation. As shown in Fig. 6, tumor growth was significantly
slower in mice injected with the pLV3-si-Stathmin cells
than those injected with the pLV3-NC cells or the blank
cells of U373 and U87-MG cells (P < 0.01). The volume
and weight of the tumors are shown in Table 1. These
data show that downregulation of Stathmin expression

inhibits tumor formation of U373 and U87-MG cells in
nude mice.

Discussion
Human Stathmin gene, also known as oncoprotein 18
and mapped to chromosome 1P36.11, acts as an important microtubule regulatory protein [12]. Several studies
have demonstrated that Stathmin expression is associated
with the pathology and poor prognosis of several tumors
including the brain, oral mucosa, breasts, ovaries, cervix and melanoma [13–18]. Stathmin overexpression
increases the malignancy and migration of tumors, thus
reducing the overall survival. Suppressing Stathmin can
delay tumor progression through changing cell cycle and
phenotype [19].
RNA interference (RNAi) is an emerging technique in
gene therapy of tumors [20]. Since it is hard to transfect
some cells, like primary cells, stem cells and undifferentiated cells, and lentiviral vector can effectively deliver
the exogeneous gene or short hairpin RNA (shRNA) to
host chromosome, the use of these vectors can increase
the transfection of target genes or shRNAs. RNAi using
lentiviral vectors are reported to be able to reduce the
expression of lung cancer gene [21] and oncogenicity of
liver cancer [22]. In this study, we also used lentiviral vectors to deliver Stathmin containing plasmid into U373
and U87-MG glioblastoma cells. Also, we confirmed the
knockdown efficiency by Western Blot, and the results
showed that Stathmin expression was inhibited significantly (Fig. 1).
It is generally agreed that Stathmin downregulation will
interfere with the biological behaviors of tumors. Feng
employed RNAi technique to induce Stathmin downregulation in esophageal cancer cells EC9706 and Eca-109,
and found that the proliferation of the cells decreased
with more cells arrested in G2/M phase or undergoing
apoptosis [23]. Song induced Stathmin downregulation
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Fig. 3 The distribution of cell cycle in U373 and U87-MG cells with different treatment. a The U373 cells with different treatment were analyzed
applying flow cytometry. b The U87-MG cells with different treatment were analyzed applying flow cytometry. c Statistical analysis of Stathmin
knockdown effect on cell cycle progression of U373 cells U87-MG cells *P<0.05, vs. negative control group; **P<0.01, vs. negative control group

in glioblastoma cells U251 and U87-MG, and observed
the inhibiting of cell proliferation, migration and invasion
[24], also showing similar results as that in the study by
Feng [23]. Additionally, Li, Akhtar and Zhang all found
similar results in pancreatic cancer, gastric cancer and
breast cancer, respectively [12, 25, 26].
Proliferation and migration are two basic features
of tumor cells. Through transfecting si-Stathmin

lentivirus into U373 and U87-MG cells, the current study
decreased the proliferation and migration of these two
cells (Figs. 2a, b and 5a, b). CCK8 assay and transwell
invasion assay demonstrated that Stathmin downregulation significantly inhibited the proliferation and migration of U373 and U87-MG cells compared with the blank
cells and the cells transfected with NC. These results
indicated from another perspective that Stathmin gene

Liu et al. Biol Res (2018) 51:16

Page 5 of 9

Fig. 4 Assessment of Stathmin gene silencing on cell apoptosis. No difference in apoptosis rate was observed between pLV3-si-Stathmin group
transfected group and pLV3-NC transfected group or untransfected blank group

could promote the proliferation and migration of U373
and U87-MG cells, as reported by previous literatures.
Loss of control of the cell cycle is one of the critical
steps in the development of cancer. PI staining combined
with flow cytometry was performed in our study to determine the effect of Stathmin on cell cycle distribution of
U373 and U87-MG cells. The results displayed that U373
and U87-MG cells transfected with si-Stathmin lentivirus
were arrested more in G2/M phase (Fig. 3a, b), while the
number of cells arrested in G1 and S phase was decreased
significantly. Thus Stathmin gene silencing successfully
induced cell cycle arrest, which agreed with findings
from most previous experiments. In other words, Stathmin gene played an important role in promoting cell
cycle progression for U373 and U87-MG cells.
Additionally, annexin V-PE-7-AAD apoptosis kit was
further used and the results showed that transfection
of si-Stathmin lentivirus did not substantially affect the
apoptosis of U373 and U87-MG cells (Fig. 4), which contradicted previously relevant findings probably due to the
use of different cell lines.
Tumor formation experiment in nude mice was also
performed to determine tumor cell proliferation in vivo.
After silencing Stathmin, the tumor formation rate was
decreased significantly and the cells grew less actively
(Fig. 6 and Table 1). Therefore, downregulating Stathmin

could inhibit tumor formation induced by inoculating
U373 and U87-MG cells. The proliferation and migration
of U373 and U87-MG cells were significantly reduced
after Stathmin downregulation. Moreover, Stathmin
downregulation could promote cell cycle arrest and
reduction in oncogenicity.
In conclusion, we provide an early report that the role
of Stathmin in the tumorigenesis and progression of
glioblastoma. Our findings indicate that knockdown of
Stathmin expression leads to inhibiting of cell proliferation, tumor formation and cell migration, also inducing
cell cycle arrest in U373 and U87-MG glioblastoma cells.
Consequently, Stathmin might serve as a novel diagnosis
and prognosis biomarker as well as a potential therapeutic target in glioblastoma.

Methods
Reagents and antibodies

Primers, plasmid extraction kit and gel recovery kit
were purchased from Shanghai Bio-engineering (Shanghai, China). Lipofectamine 2000 reagent was purchased
from Invitrogen (Carlsbad, CA, USA). Fetal bovine
serum (FBS) was purchased from Hyclone (Logan,
USA). Electrochemiluminescence (ECL) reagent was
purchased from Millipore (Billerica, MA, USA). RIPA
lysis buffer, protease inhibitor and BCA protein assay
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Fig. 5 Transwell migration assay of U373 and U87-MG cells through various treatments. a, b Transwell migration assay was used to evaluate the
migration ability of both U373 and U87-MG with three treatments. c, d The statistical analysis of Stathmin knockdown effect on cell migration
of U373 cells U87-MG cells (untransfected control, pLV3-NC transfected group and pLV3-si-Stathmin transfected group). *P < 0.05, compared to
untransfected control group

kit were purchased from Beyotime Institute of Biotechnology (Jiangsu, China). Stathmin primary antibody was
purchased from Abcam (Abcam, UK). Goat anti-rabbit/
mouse secondary antibody was purchased from Jackson.
Cell lines and plasmid

Fig. 6 Assessment of Stathmin knockdown on tumorigenicity in
nude mice. Photograph of xenografts dissected from nude mice
12 weeks after subcutaneous inoculation for different treatment,
the transfection of pLV3-si-Stathmin suppressed the growth of
U373 and U87-MG cells compared to pLV3-NC transfected group or
untransfected blank group

U373 and U87-MG glioblastoma cells and 293T cells
were obtained from American Type Culture Collection
(Manassas, VA, USA). Glioblastoma cells were cultured
in DMEM-H medium containing 10% FBS, 100 U/ml
penicillin and 100 μg/ml streptomycin, and placed in a
5% CO2 incubator at 37 °C. The cells were digested with
0.25% trypsin and passaged every 2–3 days. Log-phase
cells were harvested for experiment. Lentiviral vector
pGLV3/H1/GFP + Puro were purchased from GenePharma (Shanghai, China).
Lentivirus packaging and infection

The generation of the pLV3-si-Stathmin and control lentivirus was conducted according to a protocol
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Table 1 Tumor formation induced by transplanting U373
and U87-MG cells transfected with positive vector

CCK8 cell proliferation assay

Tumor
formation
rate

Volume (mm3)

Weight (g)

U373

6/6

U373-NC

6/6

879 ± 80

6.23 ± 1.45

U373-si-Stathmin

4/6

U87-MG

6/6

359 ± 56*,#

2.71 ± 1.02*,#

Cell proliferation was determined by CCK8 assay. The
logarithmic phase cells were digested by trypsin to form
a single cell suspension and seeded to the 96-well plates;
and each sample had five plates and six replicates per
plate. The plates were cultured at 37 °C in a 5% CO2 incubator for 1–5 days, respectively. Then, the cells were incubated in 10 μl of CCK8 solution for 2 h. The absorbance
was measured for each well using a microplate reader at
450 nm at different time points.

U87-NC

6/6

U87-si-Stathmin

4/6

6.69 ± 1.27

Transwell invasion assay

Group

Tumor formation at 12 w after inoculation

825 ± 78

5.56 ± 1.20

790 ± 89

5.37 ± 1.51

321 ± 59*,#

2.63 ± 0.65*,#

885 ± 95

* P < 0.01, compared to blank control group
#

P < 0.01, compared to NC group

described in Akhtar’s paper. The siRNA sequence
was 5′-TTAT TAACCATTC AAGTCC-3′ reported by
Akhtar [10], and NC sequence was 5′-TTCTCCGAA
CGTGTCACGT-3′. The loop sequence of the pGLV3
template was TTCA AGAGA to avoid the stop codon.
This fragment was transferred into the chromosome of
E. coli after sequencing. Plasmid extraction was performed on correct clones.
The lentiviral vector pLV3-si-Stathmin and the
helper plasmid pGag/Pol, pRev and pVSV-G were cotransfected into the 293T cells using lipofectamine
2000 reagent. The transfected cells were cultured at
37 °C in a 5% C
 O2 incubator for 48–72 h, and then the
green fluorescence was observed. The cells were harvested and the viral titer was determined via limiting
dilution assay. U373 and U87-MG glioblastoma cells
were infected with pLV3-NC and pLV3-si-Stathmin
lentivirus. After gentle mixing, the cells were cultured at 37 °C in a 5% C
 O2 incubator for 48 h and then
photographed.
Western Blot analysis

The blank cells and the cells transfected with pLV3-NC
and pLV3-si-Stathmin lentivirus were collected after culturing 72 h. Total protein extraction was performed using
RIPA lysis buffer and the protein was quantified by the
BCA Protein Assay Kit. Total protein 40 μg per lane was
separated on a 12% SDS-PAGE gel and transferred to
nitrocellulose membranes. Membranes were blocked by
5% skim milk in TBST for 2 h, and then incubated with
the primary antibodies anti-Stathmin (1:1000) and antiβ-actin at 4 °C overnight. The membranes were washed
and incubated with HRP-conjugated secondary antibody
(1:4000) at room temperature for 2 h. The membranes
were exposed in a dark room.

The blank cells and the cells transfected with pLV3-NC
and pLV3-si-Stathmin lentivirus were collected after culturing 72 h. Then cells were coated to the 6-well transwell
chamber with a density of 4 × 104 and cultured at 37 °C in
a 5% CO2 incubator for 48 h. The chamber was washed
with 1 × PBS for three times. The cells were fixed in 4%
paraformaldehyde for 20 min, washed with 1 × PBS for
three times and transparentized with 0.1%Trition×-100
for 15 min. Then the cells were washed again with 1 × PBS
for three times, stained with 100 μl of hematoxylin for
20 min and washed with running water for 2 min before
soaked in fresh running water for 10 min. The membrane-penetrating cells were scrapped off and placed on
the coverslip to dry. Finally, the coverslip was sealed with
neutral balsam and observed under the microscope. For
each sample 15 visual fields were selected randomly and
the cells were counted within each visual field.
Cell cycle analysis by flow cytometry Stathmin

The blank cells and the cells transfected with pLV3-NC
and pLV3-si-Stathmin lentivirus were collected after culturing 72 h, and washed with PBS twice. The cells were
fixed in 1 ml of 70% cold ethanol at 4 °C overnight. The
cell precipitates were collected after removing fixing
solution through centrifugation and cells were washed
with PBS twice, and then incubated with 100 μl of 1 mg/
ml RNaseA at 37 °C for 30 min. After the incubation, each
tube was added into 300 μl PI dye and placed at room
temperature in dark for 30 min. The cell cycle distribution was analyzed by flow cytometer and the fractions of
cells in G0/G1, S, and G2/M phases were analyzed using
Summit 5.0 software. The experiment was repeated three
times.
Stathmin cell apoptosis analysis by flow cytometry

The blank cells and the cells transfected with pLV3-NC
and pLV3-si-Stathmin lentivirus were collected after
culturing 72 h, then the culture medium was discarded,
and the cells were washed with pre-cooled PBS twice and
then collected after centrifuging at 1000 rpm for 5 min.
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The cells were suspended in 400 μl 1X binding buffer and
incubated with 1 μl Annexin V-PE in dark for 15 min.
After that, 5 μl of 7-AAD was added into each tube to
further incubate the cells in dark at 2–8 °C for 5 min.
Then the cells were detected by flow cytometer within
1 h after incubation and analyzed using Summit 5.0 software. Each sample was repeated three times.
Tumor formation experiment in nude mice

The blank cells and the cells transfected with pLV3-NC
and pLV3-si-Stathmin lentivirus were collected and
inoculated into the nude mice at a dose of 1 × 107; each
treatment chose six nude mice. The tumor formation
was recorded, and the length (L) and width (W) of each
tumor were measured every week. All nude mice were
sacrificed through cervical dislocation after 12 weeks of
initial implantation. The transplanted tumors were harvested, and the tumor weight and volume were measured
(tumor volume (V) = (length × width2) × 0.52).
Statistical analysis

All statistical analyses were performed using SPSS 20.0
software. Data were reported as mean ± standard deviation (χ ± s). The difference was analyzed by one way
ANOVA, P < 0.05 was considered statistically significant.
Abbreviations
NC: negative control; CCK-8: Cell Counting Kit-8; RNAi: RNA interference;
shRNA: short hairpin RNA; FBS: fetal bovine serum; ECL: electrochemiluminescence; PI: propidium iodide; SDS-PAGE: sodium dodecyl sulfate polyacrylamide gel electrophoresis; TBS: tris-buffered saline.
Authors’ contributions
PL performed the experiment and wrote the paper, JY designed and wrote
the paper, XT, JC, participated the cell proliferation assay, YZ, RZ participated
the transwell assay, NZ, RH participated the Western blot assay, LL, XQ, HG
performed participated the Tumor formation assay. All authors read and
approved the final manuscript.
Acknowledgements
We would thank the animal center of Peace Hospital of Changzhi Medical College for breeding the nude mice.
Competing interests
The authors declare that they have no competing interests.
Availability of data and materials
Not applicable.
Consent for publication
All the authors agreed to publish the paper.
Ethics approval and consent to participate
The experiments were approved by Ethics Committee of the Peace Hospital of
Changzhi Medical College.
Funding
This work was supported by Peace Hospital of Changzhi Medical College
Youth Talent Project.

Page 8 of 9

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Received: 10 November 2017 Accepted: 10 May 2018

References
1. Wen PY, Kesari S. Malignant gliomas in adults. N Engl J Med.
2008;359:492–507.
2. Machado-Neto JA, Saad ST, Traina F. Stathmin1 in normal and malignant
hematopoiesis. BMB Rep. 2014;47(12):660–5.
3. Nemunaitis J. Stathmin 1: a protein with many tasks. New biomarker and
potential target in cancer. Expert Opin Ther Targets. 2012;16(7):631–4.
4. Werner HM, Trovik J, Halle MK, et al. Stathmin protein level, a potential
predictive marker for taxane treatment response in endometrial cancer.
PLoS ONE. 2014;9(2):e90141.
5. Nie W, Xu MD, Gan L, et al. Overexpression of Stathmin1 is a poor
prognostic biomarker in non-small cell lung cancer. Lab Invest.
2015;95(1):56–64.
6. Wang X, Ren JH, Lin F, et al. Stathmin is involved in arsenic trioxideinduced apoptosis in human cervical cancer cell lines via PI3 K linked
signal pathway. Cancer Biol Ther. 2010;10(6):632–43.
7. Trovik J, Wik E, Stefansson IM, et al. Stathmin overexpression identifies
high-risk patients and lymph node metastasis in endometrial cancer. Clin
Cancer Res. 2011;17(10):3368–77.
8. Chen J, Abi-Daoud M, Wang A, et al. Stathmin1 is a potential novel oncogene in melanoma. Oncogene. 2013;32(10):1330–7.
9. Liu X, Liu H, Liang J, et al. Stathmin is a potential molecular marker
and target for the treatment of gastric cancer. Int J Clin Exp Med.
2015;8(4):6502–9.
10. Akhtar J, Wang Z, Zhang ZP, et al. Lentiviral-mediated RNA interference
targeting Stathmin1 gene in human gastric cancer cells inhibits proliferation in vitro and tumor growth in vivo. J Transl Med. 2013;11:212.
11. Marie SK, Oba-Shinjo SM, da Silva R, et al. Stathmin involvement in the
maternal embryonic leucine zipper kinase pathway in glioblastoma.
Proteome Science. 2016;14:6.
12. Li J, Hu GH, Kong FJ, et al. Reduced STMN1 expression induced by RNA
interference inhibits the bioactivity of pancreatic cancer cell line Panc-1.
Neoplasma. 2014;61(2):144–52.
13. Kuo MF, Wang HS, Kuo QT, et al. High expression of Stathmin protein
predicts a fulminant course in medulloblastoma. J Neurosurg Pediatr.
2009;4(1):74–80.
14. Kouzu Y, Uzawa K, Koike H, et al. Overexpression of Stathmin in oral
squamous-cell carcinoma: correlation with tumour progression and poor
prognosis. Br J Cancer. 2006;94(5):717–23.
15. Saal LH, Johansson P, Holm K, et al. Poor prognosis in carcinoma is associated with a gene expression signature of aberrant PTEN tumor suppressor pathway activity. Proc Natl Acad Sci USA. 2007;104(18):7564–9.
16. Golouh R, Cufer T, Sadikov A, et al. The prognostic value of Stathmin-1,
S100A2, and SYK proteins in ER-positive primary breast cancer patients
treated with adjuvant tamoxifen monotherapy: an immunohistochemical
study. Breast Cancer Res Treat. 2008;110(2):317–26.
17. Su D, Smith SM, Preti M, et al. Stathmin and tubulin expression and
survival of ovarian cancer patients receiving platinum treatment with and
without paclitaxel. Cancer. 2009;115(11):2453–63.
18. Lin WC, Chen SC, Hu FC, et al. Expression of Stathmin in localized upper
urinary tract urothelial carcinoma: correlations with prognosis. Urology.
2009;74(6):1264–9.
19. Chen YL, Uen YH, Li CF, et al. The E2F transcription factor 1 transactives Stathmin 1 in hepatocellular carcinoma. Ann Surg Oncol.
2013;20(12):4041–54.
20. Sioud M. Overcoming the challenges of siRNA activation of innate
immunity: design better therapeutic siRNAs. Methods Mol Biol.
2015;1218:301–19.
21. Li T, Lu J, Zhong Y. Lentivirus-mediated shRNA interference targeting
cyclooxygenase-2 inhibits growth of human non-small cell lung cancer. J
BUON. 2013;18:908–14.

Liu et al. Biol Res (2018) 51:16

22. Liu Y, Yan X, Liu N, et al. Lentivirus-delivered ZEB-1 small interfering RNA
inhibits lung adenocarcinoma cell growth in vitro and in vivo. J Cancer
Res Clin Oncol. 2012;138(8):1329–38.
23. Feng W, Xiaoyan X, Xuan Y, et al. Silencing Stathmin-modulating
efficiency of chemotherapy for esophageal squamous cell cancer with
paclitaxel. Cancer Gene Ther. 2015;22(3):115–21.
24. Song Y, Mu L, Han X, et al. siRNA targeting Stathmin inhibits invasion and
enhances chemotherapy sensitivity of stem cells derived from glioma cell
lines. Acta Biochim Biophys Sin (Shanghai). 2014;46(12):1034–40.

Page 9 of 9

25. Akhtar J, Wang Z, Yu C, et al. STMN-1 gene: a predictor of survival in stage
iia esophageal squamous cell carcinoma after Ivor-Lewis esophagectomy? Ann Surg Oncol. 2014;21(1):315–21.
26. Zhang D, Tari AM, Akar U, et al. Silencing kinase-interacting Stathmin
gene enhances erlotinib sensitivity by inhibiting Ser(1) p27 phosphorylation in epidermal growth factor receptor-expressing breast cancer. Mol
Cancer Ther. 2010;9(11):3090–9.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

