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Fracture non-union is a chronic condition ABSTRACT
characterized by pain and functional disability.
According to the diagnostic criteria established by
the United States Food and Drug Administration, a

Objectives: This study aims to evaluate the effects of local adipose
stem cell injection on non-union and diabetic non-union of rat femurs

Materials and methods: Forty-eight female Wistar albino rats

non-union occurs when a fracture fails to union over (weighing mean 200 g and aged 8 weeks) were used in this study.
a period of nine or more months or fails to prove any The rats were divided into six groups. Group 1 was chosen as
radiographic clues of healing response in an osseous a reference for receptor activator of nuclear factor-kappa (x) B

(RANK), receptor activator of nuclear factor-x B ligand (RANKL)

environment within the previous three months of and osteoprotegerin (OPG) genes and no femur osteotomy was

the fOHOW'UP'[H performed in this group. Group 2 underwent femur osteotomy, the
A A osteotomy was fixed with a 1.5 mm K-wire as retrograde from
Non-unions are seen in a small percentage of cases the knee joint, and no gap was left in the osteotomy line. In order

in which the biological process of fracture repair to induce non-union, femurs underwent osteotomy fixed with
cannot overcome the local biology and mechanics K-wires in groups 3, 4, 5 and 6. In addition, the osteotomy line was

measured as 1.8 mm gap with electronic calipers and the gap was

of bony mjury. This leads to a large number  of fixed with U staple. Before osteotomy, streptozocin was injected

procedures to treat non-healing fractures, increasing intraperitoneally at a dose of 60 mg/kg in 0.1 mol/L citrate buffer
morbidity for patients and costs. solution (Ph 4.4) in groups 4 and 6, in order to induce diabetes
mellitus. Left femur anteroposterior and lateral X-rays were taken
Non-union of fractures have become an important 10 weeks after the operation and the union in group 2 and non-union
health problem. Non-union still remains as a problem in groups 3., 4,5,and 6 were cor%firr.ned. To see if injef:tion of adipose
in some fractures despite the developments in surgical sten} cells mtf) the non-uplon site increases bone union, 2 mL 0.9%
sodium chloride (NaCl) in groups 3 and 4 and 2x10° adipose stem
techniques and materials used in fracture repair. cell in groups 5 and 6 were locally injected into the non-union area
Delayed healing or non-union is an expected situation with fluoroscopy. Femur X-rays were taken eight weeks after the
injection and all rats were sacrificed. Femurs of rats were removed
for histopathological and gene expression evaluation.
Results: There were significant differences between the groups
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Adlipose stem cells infjection

particularly in the fractures with wide soft tissue,
bony tissue and periosteal damage.**

A higher rate of non-union has been found in
different risk groups after ankle arthrodesis including
diabetic patients compared to non-diabetic patients.”!

Although autologous bone grafts are recognized
as the gold standard for the conditions of non-healing
fracture or non-union, there are negative aspects
such as leading to damage in the body region where
the graft was taken and the removed part being
limited.®” An alternative is the use of stem cells on
bone.®! Studies have focused on diabetic non-union,
adipose stem cell and genetic mechanisms of
healing.b

A literature screening revealed that numerous
non-union models have been described in rats, mice
and rabbits, and the use and effects of stem cells
have been investigated in a large number of fracture
healings.” However, to our knowledge, there is
no study using stem cell application in a diabetic
non-union model.

Mesenchymal stem cells can also be obtained
from muscle tissue, adipose tissue and synovium.'
More recently, the advent of induced pluripotent
stem cells obtained through genetic engineering
of somatic cells, and possessing high proliferation
and differentiation capabilities have offered
additional promising alternative sources for bone
regeneration.67)

Nowadays, with the introduction of genetic
therapy and diagnostic tools in medicine, each tissue,
disease and treatment have been addressed again,
and their correlations with genes have been studied.
The genes particularly known for bony tissue include
receptor activator of nuclear factor-kappa (k) B
(RANK), receptor activator of nuclear factor-k B ligand
(RANKL) and osteoprotegerin (OPG) genes.l®! In
our hypothesis, localization of adipose stem cell
injection for non-union will provide positive effect
on union by activation of RANK, RANKL, and OPG
gene expression. Therefore, in this study, we aimed to
evaluate the effects of local adipose stem cell injection
on non-union and diabetic non-union of rat femurs.

MATERIALS AND METHODS

This study was conducted at Erciyes University
Medical Faculty between May 2015 and December
2016. A total of 48 female Wistar albino rats (weighing
mean 200 g and aged 8 weeks) were included. Rats
were randomly divided into six groups with eight
subjects in each group. Before surgery, groups were
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intraperitoneally injected with 3 mg/kg xylazine
hydrochloride and 90 mg/kg ketamine hydrochloride
for anesthesia under protection of animal rights. All
experimental protocols were approved by the Erciyes
University Medical Faculty Ethics Committee for
Experimental Animal Research (approval: 12.11.2014-
14/138).

Group 1 was chosen as a reference for RANK,
RANKL and OPG genes and no femur osteotomy was
performed in this group. Group 2 underwent femur
osteotomy, the osteotomy was fixed with 1.5 mm
Kirschner wires (K-wires) as retrograde from the knee
joint.?*21 Left femur anteroposterior and lateral X-rays
were taken 10 weeks after the operation and the union
was confirmed.

Streptozocin (STZ) was injected intraperitoneally
at a dose of 60 mg/kg in 0.1 mol/L citrate buffer
solution (Ph 4.4)? in order to induce diabetes mellitus
(DM) in groups 4 and 6. Following the STZ injection,
12-hour fasting blood glucose levels were measured
on the third day. Rats with fasting blood glucose levels
2200 mg/dL at each measurement were accepted
to have DM, and these rats were included in the
diabetic groups.

In order to induce non-union for groups 3, 4, 5
and 6, after femur osteotomy fixation with K-wires,
osteotomy line was measured as 1.8 mm gap as
described by Garcia et al.™ with electronic calipers
and the gap was fixed with a U staple (Figure 1).
Femurs’ X-rays were taken 10 weeks after the operation
and the non-union was confirmed.[31

Mesenchymal stem cells (MSCs) were prepared
and determined to have a typical fusiform appearance
Erciyes University, Genome and Stem Cell Center
(GENKOK) (Figure 2). Morphology of the cells was

FIGURE 1. Fixation with a staple nail as to preserve

osteotomy gap in femur.
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FIGURE 2. Morphologic image of adipose mesenchymal

stem cell, light microscope.
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found to have typical fusiform, fibroblast like MSC
character. The desired number of cells was easily
reached at the third passage. As a result of flow
cytometric study, adipose MSCs were found to express
MSC markers. Cluster of differentiation (CD)11b/c was
found as 4.7%, CD45 as 0.9%, CD29 as 91.7%, CD73 as
90%, CD90 as 92.7%, and CD44 as 90.4% (Figure 3).

Non-union lines were accessed through
approximately 2 cm incision from the lateral femur of
the subjects and 2x106 adipose stem cells were given
to the non-union line in feeding solution in the 10t
week in groups 5 and 6. In order to see if injection of
adipose stem cells into the non-union site increases
bone union, all rats were sacrificed at eight weeks
post-injection.?!! Left femurs of the rats were dissected

FIGURE 3. Adipose mesenchymal stem cells cluster of differentiation (CD) 29, CD44,
CD73, and CD90 were positive, while CD 11b/c and CD45 were negative in flow

cytometry.
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from the soft tissue for histopathological examination
and gene expression.

Statistical analysis

Data were analyzed using the PASW for Windows
version 17.0 (SPSS Inc., Chicago, IL, USA) software.
Normality of quantitative variables was analyzed
with Kolmogorov-Smirnov test. In the comparison
of the data of two different groups, t-test was used
for normally distributed variables, while Mann-
Whitney U test was used for non-normally distributed
variables. One-way analysis of variance was used
in the comparison of multiple group data. When
the difference between group data was significant,
Tukey test was used in post-hoc test in subgroup
analysis. Chi-square test was used in the comparison
of categorical data. P values <0.05 were considered
statistically significant.

RESULTS

The formation of non-union and union grades were
evaluated by mentor authors. The evaluation was
performed by Lane-Sandhu classification.!

In group 2, complete bone union was observed
in five rats (62.5%), invisible fracture line in two
rats (25%), and union onset in one rat (12.5%), while
in group 3, callus was seen in four rats (50%),
and union onset in two rats (25%). There was a
statistically significant difference between groups 2
and 3 (p<0.05).

In group 3, union onset was observed in two rats
(25%), and callus in four rats (50%), while in group 5,
complete bone union was found in one rat (12.5%),
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invisible fracture line in one rat (12.5%), and union
onset in six rats (75%). There was a statistically
significant difference between groups 3 and 5 in
radiological outcomes (p<0.05) (Figures 4 and 5).

Callus was seen in four rats (50%) and no union
was seen in group 4. In group 6, callus was seen in
two rats (25%) and union was seen in four rats (50%).

The histological samples were taken from paraffin
blocks which were prepared as 4-6 micron. Evaluation
of non-union and union grades of the samples was
performed as described by Hou et al.?

Comparison of the histological findings between
the groups is given in Table . According to the results
of histological examination, there was a statistically
significant difference between groups 3, 4 injected
sodium chloride and groups 5, 6 injected adipose stem
cell (p<0.05) (Table II).

In group 2, union of the fracture was observed
in the radiological examination for all rats. In the
histological evaluation, mature-immature bone
healing was observed in the osteotomy line.

In the microscopic evaluation of group 5,
predominantly cartilage tissue and less fibrosis tissue
were observed in two rats, immature bone healing
was observed in two rats, and mature bone healing
in four rats. Histopathological image of a rat from
group 5 is presented in Figure 6.

In the microscopic evaluation of group 6,
predominantly cartilage tissue and less fibrous tissue
were seen in three rats, and immature bone healing
was seen in five rats.

FIGURE 4. Radiographs of a subject from group 3. Non-union is observed in 10 weeks. In group 3, 2 mL 0.9% sodium chloride

was locally injected into non-union area with fluoroscopy. Eight weeks after injection, femur X-rays were taken. No improvement

was observed in non-union line.
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FIGURE 5. Radiograph of a subject from group 5. Non-union was seen in X-rays at 10" week. In group 5, 2x10° adipose stem cells

were locally injected to non-union area with fluoroscopy. Eight weeks after injection, femur X-rays were taken. Injection of adipose

stem cells to fracture zone increased bone union seen in X-rays at 18" week.

The histological evaluation showed that the
injection of stem cells is effective in the non-union
model even in diabetic rats.

The RANK, RANKL, and OPG gene expression
analyses were carried out utilizing real time-
polymerase chain reaction (PCR). Comparison of
genetic parameters between the groups is given in
Table III. Group Al was taken as the control group in
terms of the reference gene expression values for PCR.

In the measurements of gene expression levels using
PCR techniques, first, the correlation of these genes
with fracture healing was examined. PCR expression
image of RANK gene is shown in Figure 7.

No statistical correlation could be demonstrated
between gene expression and fracture healing
(groups 1-2), non-union (groups 2-3), adipose stem cell
administration (groups 3-5), and diabetes (groups 4-6)
formation (p>0.05 in all comparisons).

TABLE |
Comparison of radiological scores of groups in 10" and 18" weeks

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 P

4 25 0 0 0 0
10" week (4-4) (2-4) (0-0) (0-0) (0-0) (0-0) <0.001
Radiology (n) 8 8 8 8 8 8

4 4 1 0 2 1,5
18" week (4-4) (2-4) (0-2) (0-1) (2-4) (0-2) <0.001
Radiology (n) 8 8 8 8 8 8
Group 1: Was not performed any surgery; Group 2: With union; Group 3: With non-union; Group 4: Diabetic, with non-union; Group 5: With stem cell and non-union;
Group 6: Diabetic with stem cell and non-union.

TABLE Il
Comparison of histological findings between groups

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 p
10 10 25 3 7 3
Histological (10-10) (6-10) (1-6) (1-7) (6-8) (0-8) <0.001
Qutcomes (n) 8 8 8 8 8 8
Group 1: Was not performed any surgery; Group 2: With union; Group 3: With non-union; Group 4: Diabetic, with non-union; Group 5: With stem cell and non-union; Group
6: Diabetic with stem cell and non-union.
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FIGURE 6. In section taken from group 5, osteocytes are
noted in immature bone tissue areas, chondrocytes in
cartilage areas, and fibroblasts with fusiform appearance in

fibrous tissue areas at staining with alcian blue. In this area,
healing is seen with fibrous tissue-cartilage tissue transition,
and cartilage tissue-bone tissue transition (Alcian blue, x10).

DISCUSSION

In the present study, we tried to demonstrate the
effectiveness of adipose stem cell therapy in a
non-union model induced in non-diabetic group 5
and diabetic group 6 rats, and effects of the genes
thought to play a role in fracture healing such as
RANK, RANKL, and OPG.

According to the results of our study, local adipose
stem cell injection has a positive radiological and
histopathological effect in femoral non-unions,
independent of RANK, RANKL and OPG genes
expression pathways.
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The RANKL, which is expressed primarily by
osteoblasts and bone marrow stromal cells and occurs
membrane bound on the surface of these cells, exerts
an important effect on the activation of osteoclasts.*?*!
RANK, which is the receptor for RANKL, is significant
for osteolysis.” The expression of OPG and RANKL
has been shown to be related to the regulation of
osteoclast differentiation controlled by osteoblasts.?”
On the other hand, we could not find any statistical
correlation between gene expression and fracture
healing (groups 1-2), non-union (groups 2-3), adipose
stem cell administration (groups 3-5), and diabetes
(groups 4-6) formation (p>0.05 for all). For these
findings, we aimed to explain the mechanism of
action of stem cells in non-union with pathways of
these genes. However, we could not statistically show
the relationship between stem cells healing, diabetic
non-union, non-union and fracture healing with the
genes. We thought that stem cells might use another
gene pathway.

Several factors such as age, smoking, drugs and
various systemic diseases play an important role in the
development of delayed union or non-union. Diabetes
mellitus is among the systemic diseases which
are known to negatively affect bone healing.® We
supported these findings in our study. Nondiabetic
group 3 with non-union has been shown to heal faster
than diabetic group 4 with non-union. Adipose stem
cells injected nondiabetic group 5 with non-union
was shown to heal faster than adipose stem cell
applied diabetic group 6 with non-union. Diabetes
was shown to reduce the effects of bone healing and
adipose stem cell therapy to union.

For the success of non-union therapy, first, a non-
union model should be created. Common causes of

TABLE Il
Comparison of genetic parameters between groups

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 p

0.94 0.25 0.57 1.94 0.69 0.36
22 (0.16-30.4) (0.02-9.0) (0.05-8.11) (0.53-36.0) (0.20-56.10) (0.12-56.1) 0.334
RANK (n) 8 8 8 8 8 8

0.59 0.39 0.93 2.05 0.67 0.61
22 (0.12-7.84) (0.03-3.34) (0.19-17.51) (0.24-9.65)  (0.00-10.48)  (0.02-13.5) 0.758
RANK (n) 6 6 8 8 5 7

0.28 0.16 0.37 0.51 0.00 0.35
22 (0.05-6.96) (0.00-0.47)  (0.00-046020.85)  (0.02-3.07) (0.00-0.31) (0.07-5.31) 0.444
RANK () 6 4 7 4 3 6
Group 1: Was not performed any surgery; Group 2: With union; Group 3: With non-union; Group 4: Diabetic, with non-union; Group 5: With stem cell and non-union; Group 6:
Diabetic with stem cell and non-union; RANK: Receptor activator of nuclear factor-kappa B.
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FIGURE 7. Polymerase chain reaction expression image of
receptor activator of nuclear factor-kappa B gene.

non-unions developed after lower extremity fractures
such as the femur and tibia include diabetes, infections,
open fractures, fractures due to gunshot injuries,
defective segmental fractures, periosteal injuries and
fixation failure. In this study, we used a non-union
model by creating bone gap in rats with and without
diabetes induced, as described by Garcia et al.™ After
osteotomy was performed in the left femurs of the
rats, periosteal was proximally and distally dissected.
The fracture line was fixed so as to leave a 1.8 mm gap
and waited for 10 weeks. The formation of non-union
was confirmed with radiological examination.

Group 2 was shown to have fracture healing faster
than group 3. These results indicated that fractures
with bone defect and damaged periosteal were the
only factors in the development of non-union. Thus,
it can be said that the non-union model used in the
study described by Garcia et al.'® was successful.

Although autologous bone grafts are considered
the gold standard for the conditions where fracture
healing is not observed or may be problematic in
terms of union, these grafts have some disadvantages
such as leading to damage in the body region
where they are taken, and the amount of removed
graft being limited.””! Therefore, researchers have
proposed various alternatives in order to accelerate
fracture healing, and eliminate delayed union and
non-union.! One of these alternatives is the use
of stem cells on bony tissue.” Taguchi et al.™ have
evaluated in vivo migration of bone marrow cells
and their contribution to bone repair and shown that
MSCs were definitely associated with bone healing.

In our study, adipose stem cells were shown to be
effective in diabetic and nondiabetic rat non-union
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model. Group 5 with adipose stem cell and non-union
was shown to heal faster than group 3 with non-
union. Group 6 with adipose stem cell and diabetic
non-union was shown to heal faster than group 4 with
diabetic non-union.

Numerous authors have used only histopathology,
which relies on firm evidence.P'” In the current
study, we preferred the histopathological grading
system developed by Huo et al? Although more
fibrous tissue and less cartilage were seen in the
light microscope in the control groups, the amount
of immature and mature bony tissue was higher in
the stem cell groups. Therefore, subjective radiologic
examination was supported with histopathological
examination, which is more objective.

In the present study conducted using adipose stem
cells, it was found that adipose stem cell application
showed a positive effect in the treatment of non-union
in non-diabetic subjects, and the differences
were significant in terms of the radiological and
histopathological results.

This study has some limitations including being
based on animal experiments with small-sized study
groups and having a limited gene diversity analysis.

In conclusion, although today there are different
treatment options for non-union, local adipose
stem cell injection has positive radiological and
histopathological effects in diabetic and non-diabetic
femoral non-unions, independently of RANK,
RANKL, or OPG gene expression pathways. The
findings of our study need to be supported with
further future studies.
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