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Abstract: Objective: To investigate the effects and mechanisms of Oncostatin M (OSM) on spinal cord ischemia and
reperfusion injury in rat model. Methods: Thirty healthy male Sprague-Dawley (SD) rats were randomly divided into
two groups in the first part of the experiment: spinal cord ischemia and reperfusion group (I/R group): 24 rats un-
derwent abdominal aorta occlusion for 30 min, then 6 in the 3 h post reperfusion, 6 in the 6 h post reperfusion, 6
in the 24 h post reperfusion and 6 in the 72 h post reperfusion, and 6 rats were in the sham-operated control group
(Control group). The neurological function was evaluated by Modified Tarlov score. Myeloperoxidase (MPO) activa-
tion of the spinal tissue in each group was detected. The expression of OSM was measured by real-time PCR after
reperfusion. Twenty-four rats were divided into 2 groups in the second experiment, 12 rats were injected with OSM
(I/R+0OSM group) and 12 rats were injected with PBS (I/R+PBS group), The neurological function and MPO activa-
tion were evaluated after 24 h; the activation of STAT3 protein was detected by Western Blot. Results: After spinal
cord ischemia and reperfusion, the neurological function injury was serious and the expression of MPO increased
gradually in the spinal tissue; OSM expression increased significantly 6 h after reperfusion; 24 h after local injection
of OSM to the rats with spinal cord ischemia and reperfusion injury, the expression of p-STAT3 protein increased,
and the neurological function of rats significantly improved, while MPO activation decreased. Conclusions: The

OSM/STAT3 signal pathway plays a protective role in the spinal cord ischemia and reperfusion injury.
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Introduction

Ischemic spinal cord injury is a common compli-
cation of thoracoabdominal aortic surgery. In
clinical treatments, the neurological function
has not been improved after the recovery of
blood supply to the spinal cord, but its injury will
further aggravate, which is spinal cord isch-
emia and reperfusion injury (SCIRI). And it can
lead to acute and delayed paraplegia with its
incidence rate up to 3% to 18% [1]. The mecha-
nism of SCIRI is still not very clear, but the pres-
ent studies have shown that the main mecha-
nism of SCRI damage includes inflammatory
mechanism, microcirculation disorder mecha-
nism, apoptosis mechanism, cell autophagy,
etc. [2-6]. Especially, inflammatory mechanism
is a vital pathophysiologic basis of SCIRI [7].
Therefore, the control of spinal cord inflamma-
tory response plays an essential role in the
treatment of SCRI.

The spinal cord injury can induce the expres-
sion of various inflammatory factors. And OSM,
as a member of the interleukin-6 (IL-6) family,
can exert a variety of biological functions by
activating its receptors [8]. Many studies have
found that OSM is associated with the growth
and differentiation of tumor cells [9-11]. In addi-
tion, OSM plays a significant role in diverse
kinds of diseases and animal models [12-14].
The IL-6 family can up-regulate the expression
of suppressors-of-cytokine-signaling 3 (SOCS3)
by activating the signal transducer and activa-
tor of transcription-3 (STAT3) [15]. It has been
reported that SOCS3 gene deficiency can
reduce neuronal necrosis and demyelination
induced by spinal cord injury, and it possibly
played a protective role by activating STAT3 pro-
tein on spinal cord injury in mice [16, 17]. In
tumor cells, OSM can also activate the STAT3
protein to have a tumor suppressive effect by
activating tyrosine protein kinases Jak1, Jak2


http://www.ijcem.com

Effects of Oncostatin M on the neurological function

and Tyk2 [18]. The role of OSM in SCIRI is
unclear, but it is possible that OSM can protect
spinal cord against ischemia and reperfusion
injury by activating STAT3 protein.

The purpose of this study is through establish-
ing a rat ischemia and reperfusion (I/R) model,
to study the role of OSM and STAT3 signal path-
way in SCIRI, and to provide new ideas for spi-
nal cord injury.

Materials and methods
Experimental animals and major reagents

Eight-week-old healthy male Sprague-Dawley
(SD) rats, with a weight of 220-270 g, were pro-
vided by Beijing Charles River Laboratories Co.,
Ltd. Purity of OSM was more than 97% (Sigma,
USA); RNeasy Mini Plus Kit (Qiagen, the Nether-
lands); PrimeScript 1st Strand cDNA Synthesis
Kit (TaKaRa, Japan); STAT3/p-STAT3 protein
specific antibodies were purchased from Cell
Signaling Technology (Beverly, MA).

Preparation of animal model with spinal cord
ischemia and reperfusion

The rat spinal cord ischemia and reperfusion
model was made according to Zivin method
[19]. Rats were anesthetized by intraperitoneal
injection with 2.5% pentobarbital sodium (40
mg/kg body weight), and were placed in a
supine position. The abdominal area of mice
was sheared and disinfected, and then followed
with abdominal median incision. The abdomi-
nal aorta was gently exposed and clamped with
non-invasive artery clamps in the distal part of
the left renal artery; 30 minutes later, the artery
clamps were released to restore blood flow and
then the abdomen was closed. During the sur-
gery, maintain the room temperature at 22°C
and keep the ventilation well. The rats were
anesthetized again 3 h, 6 h, 24 h and 72 h after
reperfusion. And then skins and muscle of
backswere separated. Spine canal was dissect-
ed by the rongeur to expose the spinal cord.
The spinal tissue below L4 segment was rapidly
frozen in liquid nitrogen for examination. In 1/
R+0OSM group, intraperitoneal injection of OSM
(60 ug/kg/d) started one week before the oper-
ation. Rats in I/R+PBS group were injected with
equivalent PBS in the same way until the sched-
uled test time.
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Testing items

Postoperative neurological function evaluation:
The hind-limb motion of rats in each group was
observed, recorded and determined 24 h after
reperfusion according to the modified Tarlov
score: 0 point, no activity in the hind-limbs and
could not bear weight; 1 point, the hind-limbs
could move but could not bear the weight; 2
points, the hind-limbs’ activity was frequent or
hind-limbs were powerful but could not load
weight; 3 points, the hind-limbs could support
the rats’ own weight and walk for 1 to 2 steps;
4 points, the rats could walk with mild obsta-
cles; 5 points, the rats could walk normally.

Detection of MPO activation in spinal cord tis-
sue: The samples were put on ice to melt before
being weighted and were homogenized in PBS
(PH 6.0) at 4°C with a weight/volume ratio of
1:20 (W/V). Supernatants were discarded after
centrifuged at 5,000 rpm for 10 min. And the
sediments were washed again according to the
methods above. PBS (PH 6.0, 1:10 W/V) which
contained 0.5% hexadecyl trimethyl ammonium
bromide (HTAB) was added to the sediments.
After sonicated (10 sec*3 times), it was incu-
bated at 4°C for 20 min and was centrifuged at
15,000 rpm/min for 20 min. Add 0.1 ml super-
natant to 2.9 ml reaction solution (50 mM, PH
6.0 and containing 0.167 mg/ml of o-dianisi-
dine and 0.0005% of H,0,), and the absor-
bance change was observed immediately at
460 nm for 3 minutes (25°C).

Expression of OSM in the tissues was detected
after reperfusion by real-time quantitative PCR:
Take out 30 mg spinal cord tissue from the lig-
uid nitrogen to extract total RNA according to
the instruction of the kit. CDNA was obtained by
using the reverse transcription kit, and thin-
walled PCR tubes were taken and numbered
respectively. The reaction agents were added
to each tube which contained: 1.0 ul (cDNA)/
ddH,0, 0.5 ul primers (F/R, 10 uM), 12.5 ul
2xgPCR Mix, and 11.0 ul ddH,0. All the sam-
ples were taken quantification test by ABI
PRISM 7500 FQ-PCR (Applied Biosystems,
USA). The sequences of specific primers were
as follows: OSM (5'->3’) forward primer: CTG-
CTCAGTTTGACCCTCAGT; reverse primer: ATTC-
TGTGTTCCCCGTGAGG; B-actin, forward primer:
AGTGTGACGTTGACATCCGT; reverse primer: GC-
AGCTCAGTAACAGTCCGC. Amplification condi-
tions were as follows: pre-denaturation at 95°C
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Table 1. Tarlov scores of the groups (mean * sd)
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Figure 1. Tarlov scores of the SCIRI rats in each
group. Compared with control groups, “**P<0.001.
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Figure 2. MPO content of the SCIRI rats in each
group. Compared with control groups, ***P<0.001.

for 20 s followed by 40 cycles at 95°C for 3 s
and 60°C for 30 s. Ct value was calculated for
each sample. Compared with the Ct value of
the internal reference gene (-actin with that of
samples, 222t was used to account the relative
quantification.

The expression of STAT3/p-STAT3 protein was
detected by Western Blot: Six rats in each group
were anesthetized at the scheduled time. The
spinal cord was rapidly removed from rats and
then was homogenized. All the samples were
processed with tissue lysis buffer and the
supernatant was collected. The protein concen-
tration was determined; 50 ug of protein mix-
ture was added to each electrophoresis chan-
nel and was separated by polyacrylamide gel

13209

STAT3, B-actin, rabbit poly-
clonal antibody, dilution
1:500) and secondary anti-
body (goat anti-rabbit monoclonal antibody,
dilution 1:5,000). Western Blot luminescence
films were scanned with a gel imaging system
(UVP Company).

Statistical analysis

The measurement data were expressed as
mean * standard deviation (X £S), and the dif-
ference between groups was analyzed by
SPSS17.0 statistical software. Nonparametric
ranksum test (Kruskal-Wallis) was used to eval-
uate the neurological function score and one-
way ANOVA was used to compare the two
groups. P<0.05 was considered statistically
significant.

Results

Evaluation for neurological function after spi-
nal cord injury

The neurological function of rats with spinal
cord injury was detected before operation and
3 h, 6 h, 24 h and 72 h after reperfusion. The
neurological function was normal for all rats
before operation and their Tarlov scores were 5
points. After the surgery, the Tarlov scores were
significantly lower in I/R group than that in con-
trol group. The difference had statistical signifi-
cance (P<0.001) (Table 1; Figure 1).

Detection of MPO activation after spinal cord
injury

MPO activation of rats increased gradually
from 3 h to 72 h after SCIRI, which was obvi-
ously higher than that in control group. The dif-
ference reached statistical significance (P<
0.001, Figure 2).

Expressional changes of OSM in spinal cord of
SCIRI rats

The expression of OSM in the spinal cord tis-
sue increased 3 h after SCIRI (P<0.05) and
reached its peak at 6 h, which was significantly
higher than that in control group (P<0.001); it
decreased at 24 h and 72 h and there was no
statistical difference in control group (Figure 3).
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Figure 3. OSM expression of the SCIRI rats in each

group. Compared with control groups, *P<0.05,
“*P<0.001.
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Figure 4. OSM application improved Tarlov score of
SCIRI rats, "P<0.05.
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Figure 5. OSM application inhibited MPO content of
SCIRI rats, "P<0.05.

Effect of OSM on neurological function, MPO
and STAT3/p-STAT3 protein expression for rats
with spinal cord injury

Compared with I/R+PBS group, the Tarlov
scores of rats in I/R+OSM group was signifi-
cantly higher 24 h after reperfusion, and there
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Figure 6. OSM application increased expression of
p-STAT3.

was significant difference (P<0.05, Figure 4).
After the application of OSM, MPO activation in
the spinal tissue of the SCIRI rats was signifi-
cantly lower than that in I/R+PBS group, and
there was significant difference (P<0.05, Figure
5). The expression of STAT3/p-STAT3 protein in
the spinal tissue was determined by Western
Blot, and the expression of STAT3 protein was
not significantly different between I/R+0SM
group and the I/R+PBS group, but the expres-
sion of p-STAT3 protein significantly increased
(Figure 6), indicating that STAT3 protein activa-
tion increased.

Discussion

SCIRI, as a major complication of thoracoab-
dominal aortic surgery, was great harm to
patients. According to the cause and mecha-
nism of the SCIRI, a series of treatments have
been applied as the intervene therapies, includ-
ing the ischemic preconditioning, shortening
the ischemic time [20], ensuring perfusion of
spinal cord blood flow [21], cryogenic tech-
niques [22] and drug protection of ischemic
preconditioning (e.g. free-radicals scavengers,
calcium channel blockers, leukocyte adhesion
inhibitors, neuroprotective factors, heat shock
proteins, traditional Chinese medicine prepara-
tions, cytokines) and inhibitors of inflammatory
cytokines, etc. [23]. Although there are many
treatments, most of curative effects are still
not satisfying. The expression of cytokines and
adhesion molecules increased in the early
stage of SCIRI, which accelerated the change
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from ischemic and hypoxic injury to inflamma-
tory injury. A lot of cytokines, such as TNF-q,
IL-6, IL-8, IL-1, PAF and so on, play an important
role in the process of pathological changes of
spinal cord injury. They can not only directly
damage the central nervous system in isch-
emia and reperfusion injury, but also synergize,
induce a variety of inflammatory mediators and
cytokines, which further aggravate the second-
ary injury.

Among all sorts of inflammatory factors, the
IL-6 family is essential and has various effects.
IL-6 is known to be a very important proinflam-
matory factor, which can aggravate spinal cord
inflammatory injury. leukemia inhibitory factor
(LIF) was found that it had a protective effect
on neurons and oligodendrocytes [24, 25]. In
addition, OSM can also activate the LIF recep-
tor. Studies have confirmed that OSM can pro-
mote wound healing and reduce inflammation
in early stage of trauma [26]. In this study, OSM
expression increased significantly after several
hours of SCIRI, indicating that it was also
involved in the development of SCIRI. Further
studies have shown that injecting OSM before
the surgery may have significant protective
effect on spinal cord injury. Infiltration of poly-
morphonuclear (PMN), which can lead to
inflammatory injury, is a key factor of SCIRI. In
this study, MPO activation that induced by PMN
increased after ischemia and reperfusion inju-
ry, indicating that PMN infiltration increased
after spinal cord injury which induced the over-
expression of inflammatory factors and caused
serious damage to the spinal cord. However,
the application of OSM before the operation
can reduce the activity of MPO after ischemia
and reperfusion injury, alleviate the damage of
spinal cord, and improve the neurological func-
tion of rats. STAT3 protein can play a role in
SCIRI after being activated in a variety of signal
pathways. For example, in macrophages, IL-10
can exert its anti-inflammatory effect through
STAT3 protein; in the process of granulocyte
formation, G-CSF receptor signaling pathway
can significantly promote STAT3 protein activi-
ty, causing cell proliferation. STAT3 protein has
also been found play an important role in spinal
cord injury repair [27]. In the mechanism
research of our study, we found that the exog-
enous injection of OSM could up-regulate the
activation of STAT3 in spinal cord injury rats,
which suggested that OSM could protect SCIRI
by activating STAT3 protein. Additionally, the
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role of LIF in central nervous system injury sug-
gests that the protective effect of OSM on spi-
nal cord injury may also be produced by activat-
ing LIF receptors to regulate inflammatory
cytokines.

The pathophysiological process of SCIRI is ve-
ry complex, so it is extremely significant to
apply all kinds of prevention and treatment
measures effectively according to the patho-
genesis. This study shows that OSM can pro-
tect SCIRI from further damages, which has
important clinical significance. One character-
istic of ischemia and reperfusion injury is retar-
dance, which also provides time window for the
prevention and treatment of further injury of
the spinal cord. To limit the damage factors of
spinal cord injury, avoid progressive spinal cord
injury and recover the damaged spinal neuro-
logical function, there still needs more experi-
mental researches and explorations.

Acknowledgements

This work was supported by Pudong New Area
Health System Academic Leaders Training Pro-
gram (PWRd2014-14).

Disclosure of conflict of interest
None.

Address correspondence to: Yixin Zhou, Depart-
ment of Neurology and Neurological Rehabilitation,
Seventh People’s Hospital of Shanghai University
of Traditional Chinese Medicine, No0.358 Datong
Road, Gaogiao Town, Pudong New District, Shang-
hai 200137, P. R. China. Tel: +86-021-58611047;
E-mail: asadezh@sina.com

References

[1] Macarthur RG, Carter SA, Coselli JS and Le-
maire SA. Organ protection during thoracoab-
dominal aortic surgery: rationale for a multi-
modality approach. Semin Cardiothorac Vasc
Anesth 2005; 9: 143-149.

[2] Gokce EC, Kahveci R, Gokce A, Sargon MF,
Kisa U, Aksoy N, Cemil B and Erdogan B. Cur-
cumin attenuates inflammation, oxidative
stress, and ultrastructural damage induced by
spinal cord ischemia-reperfusion injury in rats.
J Stroke Cerebrovasc Dis 2016; 25: 1196-
1207.

[3] lonescu CV, Cepinskas G, Savickiene J, Sandig
M and Kvietys PR. Neutrophils induce sequen-
tial focal changes in endothelial adherens

Int J Clin Exp Med 2017:10(9):13207-13212



(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

[13]

(14]

Effects of Oncostatin M on the neurological function

junction components: role of elastase. Micro-
circulation 2003; 10: 205-220.

Yu Q, Huang J, Hu J and Zhu H. Advance in spi-
nal cord ischemia reperfusion injury: blood-
spinal cord barrier and remote ischemic pre-
conditioning. Life Sci 2016; 154: 34-38.

de Lavor MS, Binda NS, Fukushima FB, Caldei-
ra FM, Da SJ, Silva CM, de Oliveira KM, Martins
BC, Torres BB, Rosado IR, Gomez RS, Gomez
MV, de Melo EG. Ischemia-reperfusion model
in rat spinal cord: cell viability and apoptosis
signaling study. Int J Clin Exp Pathol 2015; 8:
9941-9949.

Fang B, Li XQ, Bao NR, Tan WF, Chen FS, Pi XL,
Zhang Y and Ma H. Role of autophagy in the
bimodal stage after spinal cord ischemia re-
perfusion injury in rats. Neuroscience 2016;
328: 107-116.

Holmin S, Mathiesen T, Shetye J and Biberfeld
P. Intracerebral inflammatory response to ex-
perimental brain contusion. Acta Neurochir
(Wien) 1995; 132: 110-119.

Tanaka M and Miyajima A. Oncostatin M, a
multifunctional cytokine. Rev Physiol Biochem
Pharmacol 2003; 149: 39-52.

Queen MM, Ryan RE, Holzer RG, Keller-Peck
CR and Jorcyk CL. Breast cancer cells stimu-
late neutrophils to produce oncostatin M: po-
tential implications for tumor progression.
Cancer Res 2005; 65: 8896-8904.

Ko HS, Park BJ, Choi SK, Kang HK, Kim A, Kim
HS, Park IY and Shin JC. STAT3 and ERK signal-
ing pathways are implicated in the invasion
activity by oncostatin M through induction of
matrix metalloproteinases 2 and 9. Yonsei
Med J 2016; 57: 761-768.

Chuerduangphui J, Pientong C, Chaiyarit P, Pa-
tarapadungkit N, Chotiyano A, Kongyingyoes B,
Promthet S, Swangphon P, Wongjampa W and
Ekalaksananan T. Effect of human papilloma-
virus 16 oncoproteins on oncostatin M upregu-
lation in oral squamous cell carcinoma. Med
Oncol 2016; 33: 83.

Moidunny S, Matos M, Wesseling E, Banerjee
S, Volsky DJ, Cunha RA, Agostinho P, Boddeke
HW and Roy S. Oncostatin M promotes excito-
toxicity by inhibiting glutamate uptake in astro-
cytes: implications in HIV-associated neurotox-
icity. J Neuroinflammation 2016; 13: 144.
Richards CD, lzakelian L, Dubey A, Zhang G,
Wong S, Kwofie K, Qureshi A and Botelho F.
Regulation of IL-33 by oncostatin M in mouse
lung epithelial cells. Mediators Inflamm 2016;
2016: 9858374.

Miller M, Beppu A, Rosenthal P, Pham A, Das S,
Karta M, Song DJ, Vuong C, Doherty T, Croft M,
Zuraw B, Zhang X, Gao X, Aceves S, Chouiali F,
Hamid Q, Broide DH. Fstl1 promotes asthmatic
airway remodeling by inducing oncostatin M. J
Immunol 2015; 195: 3546-3556.

13212

(15]

(16]

[17]

(19]

[20]

[22]

(23]

[24]

[25]

[26]

(27]

Baker BJ, Akhtar LN and Benveniste EN.
SOCS1 and SOCS3 in the control of CNS im-
munity. Trends Immunol 2009; 30: 392-400.
Park KW, Lin CY and Lee YS. Expression of sup-
pressor of cytokine signaling-3 (SOCS3) and its
role in neuronal death after complete spinal
cord injury. Exp Neurol 2014; 261: 65-75.
Park KW, Lin CY, Li K and Lee YS. Effects of
reducing suppressors of cytokine signaling-3
(SOCS3) expression on dendritic outgrowth
and demyelination after spinal cord injury.
PLoS One 2015; 10: e0138301.

Auguste P, Guillet C, Fourcin M, Olivier C,
Veziers J, Pouplardbarthelaix A and Gascan H.
Signaling of type Il oncostatin M receptor. J
Biol Chem 1997; 272: 15760-15764.

Zivin JA and Degirolami U. Spinal cord infarc-
tion: a highly reproducible stroke model. Stroke
1980; 11: 200-202.

Kwun BD and Vacanti FX. Mild hypothermia
protects against irreversible damage during
prolonged spinal cord ischemia. J Surg Res
1995; 59: 780-782.

Tator CH and Fehlings MG. Review of the sec-
ondary injury theory of acute spinal cord trau-
ma with emphasis on vascular mechanisms. J
Neurosurg 1991; 75: 15-26.

Wakamatsu H, Matsumoto M, Nakakimura K
and Sakabe T. The effects of moderate hypo-
thermia and intrathecal tetracaine on gluta-
mate concentrations of intrathecal dialysate
and neurologic and histopathologic outcome
in transient spinal cord ischemia in rabbits.
Anesth Analg 1999; 88: 56-62.

Cassada DC, Tribble CG, Long SM, Laubach VE,
Kaza AK, Linden J, Nguyen BN, Rieger JM, Fis-
er SM and Kron IL. Adenosine A 2A analogue
ATL-146e reduces systemic tumor necrosing
factor-a and spinal cord capillary platelet-en-
dothelial cell adhesion molecule-1 expression
after spinal cord ischemia. J Vasc Surg 2002;
35:994-998.

Moidunny S. Adenosine A 2B receptor-mediat-
ed leukemia inhibitory factor release from as-
trocytes protects cortical neurons against exci-
totoxicity. J Neuroinflammation 2012; 9: 1-18.
Kerr BJ and Patterson PH. Leukemia inhibitory
factor promotes oligodendrocyte survival after
spinal cord injury. Glia 2005; 51: 73-79.
Ganesh K, Das A, Dickerson R, Khanna S, Pari-
nandi NL, Gordillo GM, Sen CK and Roy S. Pros-
taglandin E2 induces oncostatin m expression
in human chronic wound macrophages through
AxI receptor tyrosine kinase pathway. J Immu-
nol 2011; 189: 2563-2573.

Park KW, Lin CY, Benveniste EN and Lee YS.
Mitochondrial STAT3 is negatively regulated by
SOCS3 and upregulated after spinal cord inju-
ry. Exp Neurol 2016; 284: 98-105.

Int J Clin Exp Med 2017;10(9):13207-13212





