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Abstract
AIM
To determine if sorafenib, an antineoplastic agent, 
could prevent the development of spinal epidural 
fibrosis (EF). 

METHODS
The study used CD105 and osteopontin antibodies 
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in an immunohistochemical approach to quantify EF 
that occurred as a consequence of laminectomy in 
rats. Wistar albino rats (n  = 16) were divided into two 
groups: control (L1-2 level laminectomy only) and so-
rafenib treatment (L1-2 level laminectomy + topical 
sorafenib). The animals were euthanatized after 6 wk, 
and the EF tissues were examined for histopathological 
changes after immunohistochemical staining. The EF 
grades were assigned to the tissues, and the treatment 
and control groups were compared. 

RESULTS
The EF thickness, inflammatory cell density, and ara-
chnoid adherences determined by light microscopy were 
significantly higher in the control group compared to the 
sorafenib-treated group. Based on fibrosis scores, the 
extent of EF in the treatment group was significantly 
lower than in the controls. Immunohistochemical sta-
ining for CD105 to identify microvessels revealed that 
the EF grades based on vessel count were significantly 
lower in the treatment group. Staining for osteopontin did 
not show any significant differences between the groups 
in terms of the extent of EF. The staging of EF based on 
vascular counts observed after immunohistochemical 
staining for CD105, but not for osteopontin, was com-
patible with conventional staging methods. Neither 
toxic effects on tissues nor systemic side effects were 
observed with the use of sorafenib. 

CONCLUSION
Local administration of sorafenib significantly reduced 
post-laminectomy EF. Decreased neovascularization in 
spinal tissue may be due to the sorafenib-induced inhi-
bition of vascular endothelial growth factor. 

Key words: Vascular endothelial growth factor; CD105; 
Osteopontin; Sorafenib; Spinal epidural fibrosis

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This study addressed the prevention of spinal 
epidural fibrosis (EF) by sorafenib, an antineoplastic 
agent, though immunohistochemical analyses of EF 
as a consequence of laminectomy in rats. The study 
demonstrated for the first time that the fibrosis thickness, 
inflammatory cell density, arachnoid adherences, fibrosis 
scores, and vessel count were significantly lower in the 
treatment group. These findings indicate that locally 
administered sorafenib may help reduce spinal EF after 
laminectomy without any significant complications or 
side effects.
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INTRODUCTION
One of the complications that occurs most frequently 
after laminectomy is epidural fibrosis (EF)[1]. EF causes 
reoccurrence of symptoms because of post-operation 
nerve root tensioning or compression[2]. A second op-
eration is often required to remove scar tissue, and it is 
both difficult and has a high rate of complications[1,3,4]. 
A majority of authors believe that to avoid surgical 
treatment, EF should be prevented before it occurs[5,6]. 
Several studies have previously addressed the effec-
ts of various compounds on EF after laminectomy in 
rat[2,7-10] and rabbit[11] models, on renal fibrosis[12], and 
on liver fibrosis[13]. Many of these drugs are still in the 
development stage, and some of them are intended to 
inhibit the mechanism underlying fibrosis development. 

The multi-kinase inhibitor sorafenib is an antineoplastic 
drug with secondary antifibrotic and antiangiogenic 
activity via inhibition of vascular endothelial growth 
factor (VEGF)[13]. Although the antifibrotic effectiveness 
of sorafenib is well known, there is no literature to our 
knowledge of its utilization in spinal surgery[12,13]. 

Chemotactic factors arising from the disintegration of 
erythrocytes and thrombocytes following bleeding in the 
epidural region after laminectomy, as well as fibroblast 
migration arising from paraspinal muscles, are the main 
causes of EF. Adhesions can also form due to fibrous 
connective tissue hyperplasia when fibroblasts are 
activated by inflammatory cytokines and growth factors, 
primarily transforming growth factor-β (TGF-β) and basic 
fibroblast growth factor, to repair the local defect in the 
vertebral lamina. With collagen fibril production, fibrous 
connective tissue is transformed into scar tissue, leading 
to the development of fibrositis[14].

Tyrosine kinase (TK) inhibitors are a group of small 
molecules that have gained considerable importance 
in recent years for the prevention of angiogenesis. Sora-
fenib is one such antineoplastic drug, and it reduces the 
proliferation of tumor cells through its antiangiogenic 
effect via multi-kinase inhibition[15]. Its principal targets 
are the Raf/ERK, VEGFR and PDGFR-β pathways[13]. It 
has been shown that sorafenib can inhibit a great num-
ber of intracellular (c-CRAF, BRAF and mutant BRAF) 
and cell surface kinases (KIT, FLT-3, RET, VEGFR-1, 
VEGFR-2, VEGFR-3 and PDGFR-B) (Figure 1). It is 
therefore thought that some of these kinases may take 
part in tumor cell signal transmission, angiogenesis 
and apoptosis. Sorafenib selectively inhibits the VEGF 
receptor tyrosine kinase (TK). Due to this antiangiogenic 
effect, it has become one of the most effective drugs 
in cancer treatment[16]. Moreover, in recent years, sora-
fenib has conspicuously improved liver transplantation 
and conventional treatment methods of all other non-
malignant fibrotic diseases like fibrosis caused by end-
stage liver cirrhosis[13,17,18]. In the current study, we have 
investigated whether the antiangiogenic effect of so-
rafenib via VEGF receptor blockade could also prevent 
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the development of experimental EF without toxic effects 
when applied locally to peripheral tissues.

CD105, also known as endoglin, is a membrane 
glycoprotein that regulates the signaling of TGF-β1[19]. 

It was first defined as a human endothelial cell marker 
produced by pre-B cell leukemia cell lines[20]. Further 
studies have indicated that this cell surface antigen is 
also expressed by macrophages, erythroid precursors, 
syncytiotrophoblasts of terminal placenta and stromal 
cells[20-23]. Previous studies have revealed that in various 
models of EF, CD105 expression could prevent the fib-
rogenic impact of TGF-β1[19,24]. In biopsies of patients 
with kidney and liver fibrosis, an excessive amount of 
CD105 expression was seen, and its role in regulating 
fibrogenesis was thus realized[20,25]. In the light of the 
above information, CD105 levels may be useful in de-
termining the density of microvessels and the extent 
of angiogenesis in fibrosis. Unfortunately, there is no 
literature available to our knowledge on the use of 
CD105 immunostaining for the examination of EF after 
laminectomy. Given the role of CD105 in angiogenesis 
and its expression in fibrosis and in macrophages, we 
examined its use as a marker of EF post-laminectomy at 
different stages in the development of EF.

Osteopontin is a glycophosphoprotein that was first 
isolated from bone tissue and possesses a number of 
functions affecting various cells including macrophages, 
epithelial cells, smooth muscle cells and endothelial 

cells. High levels of osteopontin have been found in 
bone tissue, blood, milk, urine and seminal fluid[26]. It is 
secreted from embryonic stroma and from fibroblasts 
during wound healing[27]. Since osteopontin is secreted 
from inflammatory cells, fibroblasts and endothelial 
cells, it may be helpful in determining the presence of 
fibrosis[28]. We therefore analyzed whether osteopontin 
expression post-laminectomy could be used for the im-
munohistochemical detection of EF and if its use was 
compatible with conventional methods of EF assessment.

In the present study, we have investigated the pre-
ventive effect of sorafenib on the development of EF 
after laminectomy. In addition to conventional methods 
showing the number of fibroblasts and the prevalence 
of fibrosis, we employed immunohistochemical staining 
for CD105 and osteopontin to analyze the extent of EF 
and assessed whether these methods were compatible 
with conventional EF staging methods.

MATERIALS AND METHODS
The study was performed at the Marmara University 
Experimental Animals Laboratory (İstanbul, Turkey) and 
was approved by the Marmara University Animal Exper-
iments Research Ethics Committee (04.01.2016/001). 
All necessary precautions were taken to minimize pain 
and discomfort in animals throughout the procedures of 
the study. Male Wistar albino rats (n = 16, weight 250 
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g ± 30 g, 10-12 mo) were housed in an air-conditioned 
room with an average temperature of 23 ± 2℃ and 
an average humidity of 65%-70%, under a 12-h light-
dark cycle. Each animal was kept in a separate cage 
throughout the study with food provided ad libitum and 
without any medical treatment after the initial operation. 
Surgical intervention was performed using standard 
microsurgical instruments.

Surgical procedure 
A prophylactic dose of 50 mg/kg ceftriaxone (Roce-
phine; Roche, İstanbul, Turkey) was intraperitoneally 
injected 30 min before surgery. General anesthesia 
was applied by intraperitoneal administration of 100 
mg/kg ketamine hydrochloride (Ketalar, 50 mg/mL; 
Parke-Davis, Eczacıbaşı, İstanbul, Turkey) + 10 mg/kg 
xylazine hydrochloride (2% Rompun; Sigma-Aldrich, 
Merck, İstanbul). After fastening the rat to the operating 
table, the operating area was disinfected with povidone 
iodine (Poviod, 10% polyvinyl pyrrolidone-iodine com-
plex; Saba, İstanbul, Turkey). The operating area was 
covered with sterile cloths. Upon determining the L1-2 
level, an approximately 2-2.5 cm central line skin in-
cision was made. Para-spinal muscles were stripped 
by blunt dissection. Under a surgical microscope, total 
laminectomy was performed within an approximately 
4 mm2 area between L1 and L2, and the dural sac was 
revealed. Throughout the operation, the wound was 
irrigated with saline and hemostasis was ensured. 
Bipolar cautery, bone wax, surgical or other hemostasis 
materials were not used. Experimental animals were 
divided equally (n = 8 per group) between the control 
group (Group Ⅰ) with laminectomy performed at the 
L1-2 level and physiologic saline applied, and the treat-
ment group (Group Ⅱ) with laminectomy performed 
at the L1-2 level and topical sorafenib (Nexavar; Bayer 
and Onyx Pharmaceutical, Berlin, Germany) applied. 
Because sorafenib is produced in the form of 200 mg 
tablets and its injectable type was not available, we 
administered sorafenib in the form of a diluted topical 
treatment. Following the advice of the manufacturer, a 
200 mg tablet was dissolved in 5 cc saline and applied 
via impregnated cotton sponge to the laminectomy area 
for 5 min. The incision area was then sutured with 3/0 
silk in conformity with its anatomy. Experimental and 
control animals were euthanatized by cervical disloca-

tion 6 wk later. The motor functions of all animals was 
normal at the time of euthanasia, and no postoperative 
infection or other systematic pathology was evident. The 
relevant vertebral columns were removed as a block to-
gether with the paraspinal muscles. The tissue was fixed 
in 10% formalin (4% formaldehyde) solution.

Histopathological examination was performed by 
a qualified pathologist. The amount of fibrosis in the 
laminectomy area in relation to dura mater was assessed 
in conformity with standard immunohistochemical cri-
teria and classifications in the literature. Comparisons 
were made within groups and between control and treat-
ment groups, and results were compiled and statistically 
interpreted. 

Histopathological assessment 
After fixation for 24 h in 10% buffered formalin, the 
vertebral column was removed as a block and decal-
cified in 10% formic acid for 2 d. Three specimens 
were taken from the area in which laminectomy was 
performed, and these specimens were subjected to 
Leica 300S “autotechnikon” routine tissue monitoring 
after washing for 6 h under running water. Paraffin 
blocks were sectioned at a thickness of 3 mm, and sec-
tions were stained with hematoxylin-eosin (HE) for 
inspection under a light microscope with respect to the 
prevalence of fibrosis, cellular density and arachnoid 
fibrosis. Fibrosis staging at the dura was performed 
according to He et al[29] (Table 1). Fibroblasts at 100 X 
magnification were counted by pathologists in three 
fields per specimen, one in the middle and two at the 
edge of the laminectomy (Figure 2A). The average 
number of fibroblasts and inflammatory cells in the 
three fields were graded as follows: Grade 1, less than 
100 fibroblasts/inflammatory cells per field; Grade 2, 
100–150 fibroblasts/inflammatory cells per field; Grade 
3, more than 150 fibroblasts/inflammatory cells per 
field. To verify the quantification of fibroblast numbers, 
immunohistochemistry was performed using monoclonal 
anti-vimentin antibody 1:100 (Vimentin clone: V9, LEICA 
Biosystems Newcastle Upon Tyne, United Kingdom), 
and the density of vimentin was evaluated[6]. Similarly, 
inflammatory cell density was assessed at 40 X (Figure 
2B and C). Furthermore, we evaluated the sections for 
bone renewal, winding of the nerve root and adhesions 
between dura and arachnoid. 

Immunohistochemical assessment
Microvessel density in the specimens was determined 
based on immunostaining with anti-osteopontin and 
anti-CD105 monoclonal antibodies. Paraffin-embedded 
tissues fixed in 10% formalin were sectioned at 3-5 
mm and mounted onto poly-L-lysine-coated slides. 
The immunohistochemical study was done in the Leica 
Bond Ⅲ. The slides were kept at 80℃ in the incubator for 
3 h and installed in the Bond Ⅲ device. For the primary 
antibodies, 1/400 dilution was prepared from CD105 

Table 1  Grading criteria for histopathological assessment of 
scar tissue by He et al [29]

Grade Width of the scar tissue

0 No scar tissue in dura mater

1 Thin fibrosis bands present between scar tissue and dura mater

2 Adhesions holding 2/3 of the laminectomy defect present

3 Widespread scar. More than 2/3 of the laminectomy defect 
affected
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(Clone EP274, catalog number AC-0243A, Epitomics, 
Burlingame, CA, United States) and 1/100 dilution was 
prepared for osteopontin (Clone EP106, catalog number 
AC-0102RUO; Epitomics, Burlingame, CA, United States). 
After automatized coloring, the slides were kept in xy-
lene for 3 min and sealed.

Assessment of microvessel density 
Using an Olympus (Shinjuku, Japan) CX41 light mi-
croscope, tissue sections immunostained with anti-
CD105 and anti-osteopontin were scanned at 40X and 
100X in three different areas where the density of 
neovascularization was the highest (hot spot). A single 
brown-stained endothelial cell or interconnected en-
dothelial cell cluster separate from fibrosis and other 
connective tissue components at 400 X magnification, 
irrespective of lumens, was considered a countable 
microvessel (Figures 3A and B; 4A and B). Every experi-
mental animal was classified in accordance with the 
number of stained vessels (Table 2) observed at 400 X 
magnification as follows: Grade 1, ≤ 3 vessels; grade 
2, 4-6 vessels; and grade 3, ≥ 7 vessels. Vessels in 
the muscle layer were not included in the counts. The 
average number of vessels in three areas was calculated 
as the vessel density. 

Statistical analysis
SPSS 15.0 for Windows (IBM, Armonk, NY, United 

States) was used for statistical analysis. Descriptive 
statistics were given as percentages for categorical 
variables. Differences in the proportional rates of ca-
tegorical variables between groups were tested by 
chi-square analysis. In cases where the conditions 
could not be ensured, Monte Carlo simulation was im-
plemented. Statistical significance was accepted as 
P < 0.05. All statistical procedures were carried out by 
an experienced biostatistician at Arat Biostatistics LLC 
(Istanbul, Turkey) through outsourcing.

RESULTS
Significant differences (P < 0.001) in fibrosis score, 
fibroblast density, inflammatory cell density and CD105 
immunostaining were observed between the sora-
fenib and control groups (Table 3). All control animals 
(Group Ⅰ) received fibrosis scores of grade 3, while 
scores for sorafenib-treated animals (Group Ⅱ) did not 
exceed grade 1 (P < 0.001) (Figure 2A and B, Table 
3). Fibroblast density was graded the highest in 100% 
of Group 1 animals but remained at grade 1 in Group 
Ⅱ. Scores for inflammatory cell density were lowest 
in Group Ⅱ but highest in Group Ⅰ, as were scores for 
microvessel density assessed by CD105 immunostaining 
(P < 0.001) (Figure 3A and B, Table 3). There was 
no significant difference in microvessel density scores 
between groups after osteopontin staining (P = 0.355) 

Inflammatory cells
Dural tissue

Neural tissue

Fibrous tissue

Dural tissue

Neural tissue

Fibrous tissue

A B

C

Figure 2  Histopathological tissue section stained by HE. A:  Grade-3 fibrosis and inflammatory cells in Group I; B: Grade-3 fibrosis and fibrous tissue in Group I; C: 
Grade 1 fibrosis in Group II. Star: Neural tissues; black arrow: Dura; blue arrow: Fibrosis tissue.
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(Figure 4A and B, Table 3). By light microscopy, it could 
be seen that EF thickness, inflammatory cell density and 
arachnoidal adhesions were greater in control animals 
compared to Group Ⅱ (Table 3). 

DISCUSSION
EF is a major cause of failed back/lumbar surgery syn-
drome, which is often witnessed post-laminectomy[1,2]. 

Because treatment of EF is difficult and complication 
rates are high, ongoing studies have examined how to 
prevent its development. The role of angiogenesis in the 
development of fibrosis is known, with VEGF acting as 
a potent angiogenic agent[30]. Sorafenib inhibits VEGF 
in neoplastic cells and blocks angiogenesis, causing 
the death of tumor cells. The same mechanism is also 
applicable in the development of EF, and it has been 
shown that sorafenib prevents or inhibits the develo-
pment of fibrosis in the liver and the kidney[13,19,31].

In the present study, the level/degree of EF was 
classified separately based on fibrosis scores, the 
density of fibroblasts and inflammatory cells, and co-
unts of microvessels immunostained for either CD105 
or osteopontin. Our results showed that EF developed 
to various extents in all control animals, indicating that 
experimental EF was successfully produced. The local 
application of sorafenib reduced the level and degree 
of EF compared to the control animals. We also found 
that the scoring of EF based on counts of osteopontin-
stained microvessels did not agree with other measures 
used.

EF is a normal process with respect to the local 
reparation of surgical laminectomy, but its role in the 
production of epidural scar tissue has been contro-
versial[2,10,14]. Clinical studies and results from the animal 
experiments have shown that many factors are related 
to the development of post-operative peridural scar 
tissue including postoperative hematoma, laminectomy 
technique, amount of bone removed and the relation 
of lamina to other anatomic structures[2,32]. However, 
the main factor in the creation of peridural scar tissue is 
fibroblast migration to the surgical area[32]. Theoretically, 
the augmentation of vascular permeability in the early 
phase of wound repair allows for the accumulation of 
fibrin-rich matrix required for cellular migration and proli-
feration[2,33]. The angiogenic response is characteristic 
of the early wound-repair phase and ensures vasculari-
ty, which nourishes newly formed granulation tissue. 
The most potent stimulant of angiogenesis is VEGF. 
In addition, other growth factors including FGF, PDGF, 

angiopoietin 1 and 2 and hepatocyte growth factor stimu-
late angiogenesis through TK receptors[30]. Furthermore, 
it is known that VEGF is helpful for vascularization in the 
postoperative damaged area and plays a key role in 
adhesion formation[8,10].

Sorafenib, a TK inhibitor, has been certified by the 
FDA for use as an antineoplastic agent demonstrating 
VEGF inhibitory and antiangiogenic effects. In work 
carried out by Ma et al[12], it was reported that sorafenib 
exerted an antifibrotic effect on the kidney and that 
this effect occurred as the result of its prevention of 
macrophage migration. In the present study, we sh-
owed through immunohistochemical staining that so-
rafenib applied locally to the surgical area prevented 
neovascularization in damaged postoperative tissue, 
thereby inhibiting or preventing EF. Furthermore, sora-
fenib did not produce any toxic effects on the dura, 
paraspinal muscles or other tissues. 

One method to determine the level of angiogenesis 
in a tumor and/or fibrotic lesion is to directly measure 
the density of microvessels and veins in the tissue. An 
increase in the number of microvessels indicates that 
angiogenesis is strong[34]. Detection of microvessels 
in fibrotic tissue is possible by making the vessels vi-
sible after staining for proteins in the membranes of 
endothelial cells using immunohistochemical methods. 
CD105 is a potential immunohistochemical marker for 
the detection of microvessel density, which is associated 
with endothelial cells in angiogenic tissues and usually 
produces little or only weak color when used for imm-
unohistochemical staining in normal tissue. It is this 
fact that makes anti-CD105 a useful antibody for the 
evaluation of angiogenesis or angiogenic potential[35,36]. 
In our study, we showed that the staging of EF using 
fibroblast counts and fibrosis density produced similar 
results as counting CD105-stained microvessels. Thus, 
CD105 is a suitable marker for immunohistochemical 
detection of EF. 

Another potential immunohistochemical marker for 
the detection of fibrosis is osteopontin. While osteopontin 
is expressed by epithelium, endothelium and smooth 
muscle cells, it is also expressed by macrophages and 
T cells with infiltration features[26]. Osteopontin plays 
a significant role during acute and chronic inflamma-
tion when its anti-inflammatory effect can prevent 
inflammation or alleviate its severity[26]. Osteopontin 
is essential for cell viability and protects against apo-
ptosis[26]. There are reports of excessive expression of 
osteopontin in human idiopathic pulmonary fibrosis, 
interstitial fibrosis in the diabetic kidney and alcoholic 
liver illness even though full deterioration did not occur in 
the healing wound and the number of irregular collagen 
fibrils was less than normal[27,28,31,37,38]; however, other 
reports claimed that the elimination of tissue debris was 
a slower than normal process[27]. Pereira et al[28] reported 
that osteopontin did not show equal distribution in all 
tissues and that its presence might be directly related 

Table 2  Microvessels visualized by CD105 immunostaining

Grade Average number of microvessels (400 x)

1 ≤ 3
2 4-6
3 ≥ 7
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to pathophysiology during wound healing and formation 
of scar tissue. Another study suggested that inhibition 
of osteopontin synthesis, oscillation or local activity 
after spinal surgery diminished EF and the frequency of 
symptoms[28]. In our study, osteopontin levels did not 
significantly correlate with histopathological EF evaluation 
methods or immunohistochemically determined CD105 
levels. Consequently, osteopontin cannot be considered 

a reliable marker for the immunohistochemical detection 
of EF. 

To the best of our knowledge, there have not been 
any studies that investigate the impact of sorafenib 
on spinal EF. Nevertheless, other research on tumors 
has shown that the anti-angiogenic effect of VEGF 
inhibition can reduce neovascularization and make an 
affirmative contribution to life span[39]. We have reached 

Table 3  Grading of fibrosis and statistical results based on various criteria

Control (Group 1) Sorafenib (Group 2)

Assessment measure Grade n % n % P

Fibrosis score
0 0     0 4 50

< 0.0011 0     0 4 50
3 8 100 0   0

Fibroblast density
1 0     0 8 100

< 0.001
3 8 100 0   0

Inflammatory cell density
1 0     0 6 75

< 0.0012 2   25 2 25
3 6   75 0   0

CD105-stained microvessels
1 0     0 6 75

< 0.0012 2   25 2 25
3 6   75 0   0

Osteopontin-stained microvessels
1 4   50 7    87.5

    0.3552 2   25 1    12.5
3 2   25 0   0

CD105 surrounded artery CD105 surrounded artery

A B

Figure 3  Immunohistochemical tissue section stained with anti-CD105 antibody.  A: Grade-3 fibrosis in Group Ⅰ; B: Grade-1 fibrosis in Group Ⅱ. blue arrow: 
Fibrosis.

Osteopontin surrounded artery
Dura
Neural tissue

A B

Figure 4  Immunohistochemical tissue section stained with anti-osteopontin antibody. A: Grade-3 fibrosis in Group Ⅰ; B: Grade-1 fibrosis in Group Ⅱ. Star: 
Neural tissues; black arrow: Dura; blue arrow: Fibrosis tissue.
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a similar conclusion in our study. Sorafenib decreased 
neovascularization in damaged tissue and thus signi-
ficantly reduced the development of EF as shown using 
the CD105 antibody, although osteopontin was not a 
reliable marker. 

Secondary operations required because of EF are 
both challenging and have a high complication rate[1,3,4]. 

Braverman et al[40] reported a success rate of only 
30%-35% in operations performed by them to correct 
EF and observed adverse results in 10%-20% of cases. 

Rather than removing or relieving the pressure created 
by EF, it would be a far better approach to prevent EF 
from the start[5].

In conclusion, the data obtained from our study 
showed that when sorafenib was locally applied post-
laminectomy, EF was significantly reduced. The staging 
of fibrosis evaluated by immunohistochemical staining 
for CD105 was compatible with conventional methods, 
but staging using osteopontin was not reliable. Neither 
toxic effects on tissues nor systematic side effects were 
observed with the use of sorafenib. Therefore, there 
should be no hindrance to the application of sorafenib 
for clinical purposes. 

ARTICLE HIGHLIGHTS
Research background 
Spinal epidural fibrosis (EF) is a natural consequence of surgical trauma arising 
after laminectomy. In this study, we asked whether sorafenib can prevent the 
development of EF post-laminectomy using an immunohistochemical approach 
to quantify EF with CD105 and osteopontin antibodies. 

Research motivation
EF is one of most common causes of failed back surgery syndrome, which 
occurs after laminectomy. Numerous causes and mechanisms have been 
proposed to explain its development after laminectomy. As treatment 
approaches for EF are associated with high rates of complications and failed 
surgery, the main goal is the prevention of EF. Many methods and medicines 
have been tried in order to prevent the development of EF. Sorafenib is an 
antineoplastic medicine that has demonstrated preventive effects against 
fibrosis due to an antiangiogenic mechanism involving inhibition of vascular 
endothelial growth factor (VEGF). 

Research objectives
The goal of this study was to assess VEGF inhibition for the postoperative 
treatment of fibrosis.

Research methods 
Wistar albino rats (n = 16) were divided into two groups: control (laminectomy 
only) and sorafenib treatment (laminectomy + topical sorafenib). The 
animals were euthanatized after six weeks, and EF tissue was examined for 
histopathological changes after immunohistochemical staining and an EF grade 
was assigned. SPSS 15.0 for Windows (IBM, Armonk, NY, United States) was 
used for statistical analysis. Statistical significance was accepted as P < 0.05.

Research results 
By light microscopy, EF thickness, inflammatory cell density and arachnoid 
adherences were higher in the control group compared to sorafenib-treated 
animals. Immunohistochemical staining for CD105 to identify microvessels 
revealed that EF grade was lower in the treatment group based on vessel 
count. Staining for osteopontin did not show any statistically significant 

differences in the extent of EF between groups. Significant differences 
in fibrosis score, fibroblast density, inflammatory cell density and CD105 
immunostaining were observed between the sorafenib and control groups (P < 
0.001). All control animals (Group I) received fibrosis scores of grade 3, while 
scores for sorafenib-treated animals (Group II) did not exceed grade 1 (P < 
0.001). Fibroblast density was graded the highest in 100% of Group 1 animals 
but remained at grade 1 in Group II. Scores for inflammatory cell density were 
lowest in Group II but highest in Group I, as were scores for microvessel density 
assessed by CD105 immunostaining (P < 0.001). There was no significant 
difference in microvessel density scores between groups after osteopontin 
staining (P = 0.355). By light microscope, it could be seen that EF thickness, 
inflammatory cell density and arachnoidal adhesions were greater in control 
animals compared to Group II. 

Research conclusions 
In this study, we examined the efficacy of topical treatment with sorafenib 
for the prevention of EF in an animal laminectomy model and analyzed 
immunohistochemical methods for the assessment of microvessel density in 
fibrotic lesions compared to conventional measures of fibrosis staging. Our 
results demonstrated that topical sorafenib was effective in reducing EF after 
laminectomy, likely due to decreased neovascularization resulting from the 
antiangiogenic effect of sorafenib on VEGF activity. We further show that 
immunohistochemical assessment of microvessel density using anti-CD105 
antibodies provided a new measure of fibrotic development that was compatible 
with conventional methods of fibrosis staging.

Research perspectives
In our study, the local application of sorafenib after laminectomy prevents EF. 
CD105 is a suitable marker for fibrosis, whereas osteopontin was not found to 
be reliable. Sorafenib was not observed to have any toxic effects or systemic 
side effects on normal tissues. Therefore, this application could be tested in 
clinical trials.
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