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Regeneration process of severed rabbit D
common calcanean tendons influenced
by external compression
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Abstract

Background Limited research has focused on the correlation between an external compression and the
regeneration of ruptured Achilles tendons. The aim of this study was to evaluate the influence of a constricted
paratenon with external compression on the regeneration process of separated rabbit common calcanean tendon
stumps.

Methods A transection, establishing a 4 mm gap, was created in the right common calcanean tendon of 24 young
adult male New Zealand white rabbits. The animals were assigned to two groups: In the control group, only received
cast immobilization. In the constricted paratenon (CP) group, the rabbits had a local 3-dimensional printed clasp
applied to mimic external compression and same cast immobilization as the control group. Morphologic, histologic
and immunohistochemistry examinations were performed at 2 and 4 weeks postoperative.

Results Separated tendon stumps were connected by novel granulated tendon fibrils in the control group. However,
the regenerated tendon fibrils appeared insufficient in the CP group, the tendon length and the adhesion grade

of the CP group was significantly larger than that of the control group at 4 weeks (P<0.05, P=0.030). Disorganized
collagen and round-shaped fibroblasts were demonstrated in the CP group. A prolonged expression of proliferating
cell nuclear antigen (PCNA) and lower intensity in clusters of differentiation 146 (CD146) were also shown in the CP
group. A prolonged existence of the vascular endothelial growth factor (VEGF) and lesser intensity of the transforming
growth factor-beta 1 (TGF-31) were confirmed within this group. Furthermore, the CP group’s expression had less
collagen | than that of the control group at 4 weeks.

Conclusions Sufficient regeneration can be obtained, even though there is an obvious gap between severed rabbit
common calcanean tendon stumps. However, constricted paratenons with external compression can negatively
influence the intrinsic regeneration process of the tendon fibrils and promotes the disorganization of regenerated
collagen.
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Introduction

Although there are still discussions regarding surgical
treatments for acute Achilles tendon ruptures, the rela-
tively higher risks of re-rupture and elongation associated
with conservative treatments remain a concern [1-5].
The mature tenocytes have low proliferation, metabolism
and limited ability of regeneration, easily leading to scar
tissue formation after tendon injuries [6]. The biome-
chanical strength of scar tissue is not adequate to meet
the needs of strenuous exercise, it is difficult to regain the
elasticity and tension, accompanied by weakness, persis-
tent pain and a higher risk of re-rupture [3, 7].

Tendon-derived stem/progenitor cells (TSPCs) were
found in a specific niche within collagen fibrils, sur-
rounded by the extracellular matrix, that allows for teno-
cyte differentiation [8]. The regenerative abilities of stem
cells could be affected by the microenvironment, stem
cells can also regulate the microenvironment [9]. The
paratenon, surrounding the Achilles tendon, is an impor-
tant structure to maintain the microenvironment for
tendon regeneration [10-12]. Moreover, the paratenon
is the source and reservoir of TSPCs and growth factors
[13, 14]. In the damaged paratenon, progenitor cells may
not be able to be recruited due to the low level of growth
factors [1]. On some patients’ magnetic resonance imag-
ing (MRI), with plantar flexion cast immobilization, the
folded local soft tissue at the rupture site was shown
(Fig. 1A, B). The regeneration process could be influ-
enced by the local folded soft tissue. However, there are
limited studies focusing on the correlation between the
regeneration process of the ruptured tendon and con-
stricted paratenon with external compression.

The present study was designed to evaluate the impact
of the constricted paratenon with external compres-
sion on growth factors and specific markers of the
TSPCs recruitment during tendon stump regeneration
in vivo. It is hypothesized that a constricted paratenon
with external compression can negatively influence the
regeneration process of the ruptured Achilles tendon
fibrils (Fig. 1C). To prove this hypothesis, the constricted
paratenon animal model was established by applying
a customized 3-dimensional (3D) printed clasp, which
could create external compression on the local soft tissue.

Materials and methods

This research has been approved by the Institutional
Animal Care and Use Committee of General Hospital of
Central Theater Command (No0.2021030). The protocol
followed guidelines of the Institutional Animal Care and
Use Committee.

The design of the customized 3D printed clasp

A customized 3-dimensional (3D) printed clasp was
made from Acrylonitrile Butadiene Styrene plastic (ABS)
by a 3D printer (Up300, TierTime, China), and was uti-
lized for the constricted paratenon (CP) group. The aver-
age diameter of the rabbit common calcanean tendons
was measured with a caliper to be 4.0£0.3 mm in the
pre-experiment (five samples were taken from eutha-
nized young adult male New Zealand white rabbits, aged
12-14 weeks, ranging in weight from 2.7 to 3.0 kg). The
main parameters of the customized clasps are as follows:
the inner diameter and width is 4 mm (considering the
thickness of the rabbit skin, the constricted subspace of
the paratenon was designed with a 1 mm adjustment),
respectively; a 3 mm notch was designed for fixing it
to the rabbit common calcanean tendon; a groove was
designed to hold the clasp with sutures (Fig. 1D). This
was an innovative design, as there was no data to refer-
ence from.

Animal model and surgical procedures

Twenty-four young adult male New Zealand white rabbits
(age, 12—14 weeks), ranging in weight from 2.7 to 3.0 kg,
were randomly assigned to two groups, each consisting
of 12 rabbits. Each animal was housed in a standard con-
dition with individual cages. Before surgery, the rabbits
received preoperative antibiotics (cefazolin sodium). The
rabbits were anaesthetized by an intramuscular injection
of a mixture of a ZOLETIL 50 solution (Zoletil™, France;
0.1 ml/per 1 kg of animal body weight). Only the right
common calcanean tendon underwent surgery for each
rabbit. The surgical area was prepared using an antiseptic
(iodine) and draped in sterile fashion. A caudal longitu-
dinal incision (approx. 10 mm) was established, through
the paratenon, until the common calcanean tendon was
exposed. The tendon bundle was completely tenotomized
at 2 cm proximal to the calcaneal insertion while trying
to avoid paratenon damage (Fig. 1F). The gap between
tendon stumps was designed to be 4 mm referenced
from the Miiller and Wellings’ studies [6, 12]. In rabbits,
flexor digitorum superficialis follows the calcanean ten-
don (equivalent to the Achilles tendon in human being),
forming a complex structure called the common calca-
nean tendon. To prevent interference of the flexor digi-
torum superficialis, it was also tenotomized with the
same gap. The tendon stumps were fixed to local subcu-
taneous tissue with 5—0 polydioxanone sutures (Ethicon,
Johnson & Johnson, Inc., USA) on both stumps, keep-
ing the 4 mm gap (Fig. 1G). The paratenon and incision
were carefully closed with 5—-0 polydioxanone sutures
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Fig. 1 (A) The MRI of one patient with cast shows the local folded soft tissue (patient give consent to use this image). (B) The local paratenon could be
constricted by the folded soft tissue. (C) The regeneration process of the collagen fibrils might be negatively influenced by the constricted paratenon. (D,
E) The 3D printed clasp was applied in the CP group, while cast immobilization was utilized for both groups. (F, G) The rabbit common calcanean tendon
was severed leaving a 4 mm gap. (H) The paratenon and incision were closed. (I) A 3D printed clasp was applied in the CP group; no skin necrosis was

documented

(Fig. 1H). These limbs were immobilized from the toes to
the thigh with casts at 150° ankle plantar flexion, which
will keep a 4 mm gap between the tendon stumps. In the
control group, these limbs were only immobilized with
casts in the previously mentioned position (Fig. 1E). In
the CP group, additional 3D printed clasps were applied
to mimic the constricted paratenon before immobilizing
them with casts (Fig. 1I). To avoid skin complications, 2

weeks postoperative, the clasps and casts were removed
in all groups.

Morphologic observations

The rabbits were gradually sacrificed at 2 and 4 weeks
postoperative (6 per group each time), the common cal-
canean tendon samples of both limbs were collected.
The left intact tendons were used as the “native ten-
don” sample. The length from the calcaneal tuber to the
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musculotendinous junction was measured. The extent
of peritendinous adhesion was graded using a validated
adhesion grading scale as described by Tang et al. [15]:
no adhesion (0), slight adhesion (2), moderate adhesion
(3,4), and severe adhesion (5,6).

Histologic assessments

Each whole tendon was then fixed with two small pins
on a slab to decrease shrinkage before being submerged
in 4% paraformaldehyde. Then, the fixed tendons were
embedded into paraffin wax. We obtained 24 paraffin
blocks corresponding to 24 animals. The paraffin blocks
were sliced into 5 pm thick longitudinal sections using
a tissue microtome (RM2255, Leica, Germany). After
deparaffinization, the specimens were stained with hema-
toxylin and eosin (H&E), Masson’s trichrome (MT) and
Picrosirius red staining to assess collagen distribution and
organization. Fifteen histologic slides were obtained per
tendon sample. To provide the optimal qualitative and
quantitative assessment of organization of collagen, all
the specimen sections were kept in the same orientation
at a 45° angle respective to the polarizers [16]. Another 6
native tendon samples were obtained randomly form the
controlateral limbs. All specimens were analyzed under
%100 magnification or X200 magnification.

Immunohistochemistry assessments

The paraffin blocks of the 24 tendon samples were also
used for immunohistochemical analysis to evaluate the
changes in the expressions of CD146, PCNA, VEGF and
TGF-B1(all from Proteintech; 1:100 dilution). Anti-type I
and type III collagen antibodies (Servicebio; 1:800 dilu-
tion) were used as evaluation indicators for tendon regen-
eration. Antigen retrieval was performed by heating the
samples with a citrate buffer. Nonspecific reactive sites
were masked with 3% bovine serum albumin (DAKO,
antibody manufacturer based in Denmark) before the
slides were incubated overnight at 4 °C with primary anti-
bodies. A horseradish Peroxidase (HRP) conjugated goat
antibody (SeraCare; 1:100 dilution or 1:200) was used as
the secondary antibody. Slides were then incubated with
a species-appropriate secondary antibody in the dark
at room temperature for 50 min. Representative images
are taken from five random sections per tendon sample.
The percentages of CD146+cells and PCNA cells were
calculated using Image] software (National Institutes of
Health, America). Immunohistochemical staining for
VEGF and TGEF-B1 were observed under a light micro-
scope. Average optical density (AOD) was performed to
evaluate the density of immune reactivity against VEGF
and TGF-B1 using Image]. The collagen types I and III
contents were evaluated using the methods describe by
Chailakhyan with two researchers blinded to this experi-
ment, 0-to-4 rating scale represents from the absent
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marker expression to the intensive diffuse marker expres-
sion [17].

Statistical analysis

All analyses were assessed with SPSS 22 (IBM Corp,
Chicago, IL, USA). The tendon length, CD146+, PCNA,
VEGE, and TGF-B1 were analyzed using the Student’s
T test; adhesion grade and collagen ratings were ana-
lyzed with the Mann-Whitney U test. The level of sig-
nificance was set at a two-sided P value of less than 0.05.
Meanststandard deviations are indicated with corre-
sponding P values.

Results

Morphologic findings

The gap of the severed tendon stumps was connected by
novel granulated tendon fibrils in the control group at 2
weeks postoperative (Fig. 2). The local tissue is soft, milky
white, with few pannus on the surface with slight adhe-
sions. However, the gap did not completely integrate with
appropriate granulated tendon fibrils in the CP group.
Three samples with obvious defects in the CP group did
not meet the adequate regeneration requirement, by
completely filling the gap with fibrous connective tissue,
the delayed regeneration rate was 50% (3/6 samples). A
large amount of pannus on the surface and severe adhe-
sions were also observed. After 4 weeks, the regenerated
tendon of the control group became white, hard, and
covered with rich blood vessels and membrane-like sub-
stances. The tenotomy site of the control group formed
in a spindle shape. The granulated tissue of the CP group
partially filled the gap, however, the tenotomy site trans-
muted to pink, soft, and semitransparent. The local site
of the CP group formed in a dumbbell shape, the diam-
eter of the regenerated site diminished noticeably. Two
weeks postoperative, there is no significant difference in
the average regenerated tendon length between the con-
trol group and CP group (44.01+3.6 mm vs. 45.8+5.1 mm,
P=0.486). However, the tendon length of the CP group
was significantly longer than that of the control group
(48.0+£3.2 mm vs. 43.2+£1.9 mm, P<0.05) after 4 weeks.
In both groups, the adhesion grades decreased from 2
weeks to 4 weeks postoperatively. In the CP group, the
adhesion grades at 2 weeks (Z=1.173, P=0.241) and 4
weeks (Z=2.345, P=0.019) were more substantial than
that of the control group.

Histologic findings

The H&E staining revealed the native tendon con-
sisted of spindle-shaped tenocytes with flattened and
mature nuclei and dense collagen fibrils. After sur-
gery, fibrotic tissue filled the gap with various cells and
disorganized collagen. In the CP group, the cells were
found to be rounder, had lower density, and contain
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Fig. 2 (A) Native tendons (left) versus regenerated tendons (right). At 2 weeks, the tenotomy gap connected with insufficient granulated tendon fibrils
in the CP group; the tenotomy gap was connected by appropriate granulated tendon fibrils in the control group. At 4 weeks, the tenotomy site of the CP
group formed in a dumbbell shape. The tenotomy site of the control group formed in a spindle shape. (B) Length and adhesion grades. The dotted line
indicates the mean length of native tendons. Data is represented as mean +SD. *p <0.05

more unorganized collagen fibrils than in the control
group (Fig. 3A). With Masson’s trichrome staining, the
native tendons showed that collagen fibrils were paral-
lel to each other with few nuclei and vessels. During the
regeneration process, the arrangement of collagen fibrils
gradually went from disorganized to organized in both
groups. However, the granulated tissue in the CP group
was found to contain fewer tenocytes and loose collagen
fibrils (Fig. 3B). After the native tendons were stained
with Picrosirius red and observed under polarized light
microscopy, abundant type I collagen was displayed
bright yellow, and were well defined. In the control group,
the regenerated tissue appeared homogeneous with well-
aligned type III collagen (green color) at 2 weeks post-
operatively, then the collagen fibrils became denser at 4
weeks. In the CP group, the regenerated tissue looked
unsystematic with scattered collagen at 2 weeks, for the
type I collagen (yellow color blotches) appeared at 2
weeks. Consequently, the structure of the collagen fibrils
showed thinner and irregularities at 4 weeks (Fig. 3C).

Immunofluorescence findings

Regenerated tendon samples in the control group were
recorded to express relatively obvious CD146 signals
compared with the CP group at 2 weeks (0.12+0.01 vs.
0.10£0.01, P=0.006). CD146 was rare in both groups at
4 weeks (0.01£0.01 vs. 0.02+0.01, P=0.075). Cellular
proliferation was traced by PCNA, a cell proliferative
antigen. It showed prominent proliferation of the cells in

the CP group than that of the control group, as PCNA
signals were expressed more noticeably (0.05+0.01 vs.
0.9610.02, P<0.01). It displayed that PCNA faded in both
groups at 4 weeks. (Fig. 4)

Immunohistochemistry findings

High levels of VEGF were detected in both groups at 2
weeks (0.11+0.02 vs. 0.13+0.01), then decreased at 4
weeks. However, compared with the control group, the
VEGF expression existed at a higher level (0.08+0.01 vs.
0.11£0.01) and the stained neo blood vessels appeared
richer in the CP group. From 2 weeks to 4 weeks, TGE-
Bl signals decreases in both groups. Furthermore, it
found that the regenerated tendon in the control group
expressed TGF-B1 more intensely than that of the CP
group at 2 weeks (0.12+0.02 vs. 0.08%0.01). (Fig. 5) The
expression of type I collagen increased from 2 weeks to 4
weeks in both groups. At 4 weeks, the control group con-
tained more type I collagen than the CP group (Z=2.373,
P=0.018). Compared with the control group, the expres-
sion of type III collagen in the CP group was slightly
lower at 2 weeks (Z=0.561); but it is litter denser at 4
weeks (Z=-0.527). No statistical difference was encoun-
tered (P=0.575, P=0.598). (Fig. 6)

Discussion

The main finding of this study is that sufficient regenera-
tion, by completely filling the gap with novel granulated
tendon fibrils, was obtained, even though there is an
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Fig. 3 Hematoxylin and eosin (A), Masson's trichrome (B), and Picrosirius red stain (C) with polarized light microscopy of native, control, and experimental
Achilles tendons at 2 and 4 weeks postoperatively. All the specimen sections were kept in the same orientation at a 45° angle respective to the polarizers

obvious gap between severed common calcanean tendon
stumps. However, a constricted paratenon with external
compression has a negative influence on the regeneration
process. According to previous studies, the poor regen-
eration of the ruptured Achilles tendon was observed in
some cases with conservative treatments, resulting in a
little higher risk of re-rupture and elongation of the ten-
don [1]. Furthermore, intrinsic regeneration of tendons
shows better biomechanics, whereas extrinsic regenera-
tion leads to the formation of scar tissue [18]. As men-
tioned previously, on MRI of some patients with plantar

flexion cast, the local folded soft tissue was found. The
paratenon could be compressed by the local folded soft
tissue. It is difficult to accurately mimic this external
compression in rabbit models using a cast alone. So, a 3D
printed clasp was applied to simulate this compression,
while a cast was used to immobilize the limbs and reduce
interference. In the present study, even though the tenot-
omy site was not sutured, type I collagen was found in the
novel regenerated tissue in both groups. Moreover, better
regeneration of tendon fibrils was observed in the control
group. Well-aligned type III collagen was also observed
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Fig. 4 (A, B)lmmunofluorescence of CD146(red) and PCNA(red) was evaluated at 2 and 4 weeks postoperatively, magnificationx200. Nuclei were visual-
ized with DAPI staining(blue). (C) The percentages of CD146+ cells and PCNA cells were calculated with ImageJ. Representative images are taken from

five random sections per rabbit tendon sample. (*p < 0.05)
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Fig. 5 (A, B) Immunohistochemical analysis of VEGF and TGF-31 was assessed at 2 and 4 weeks postoperatively, magnificationx200. (C) Average optical
density (AOD) measurements of the immunostaining against VEGF and TGF-31 are presented. (*p <0.05)

in this group. Contrarily, in the CP group, an insufficient
regeneration of tendon fibrils, an imbalanced ratio of col-
lagen I and III, and a lack of fibril alignment was pres-
ent. Actually, biomechanical stimulation has an influence
on tendon regeneration through changing extracellular
matrix proteins, growth factors, and transcription fac-
tors [19]. Tendons are exposed to mechanical stress, as
this is known to greatly interfere with the physiological
regeneration process [20]. Our results show that the con-
stricted paratenon with external compression resulted in
poor quality of regenerated tendon fibrils, varying mor-
phologic characteristics and high grade adhesions. Both
groups exhibited histopathological differences in cellular
morphology, collagen orientation, and vascular distribu-
tion, as the previous studies had mentioned [21]. In our
immunohistochemistry, type I collagen is still visible at
4 weeks in the CP group, but far less than type III col-
lagen. This could mean that type I collagen regenerated

earlier, and then formed a disorganized structure in the
constricted paratenon with external compression. Addi-
tionally, the collagen semiquantitative analysis from the
immunohistochemistry revealed that the control group
expressed more type I collagen than that of the CP
group. The turnover of the tendon extracellular matrix
is also affected by physical stimuli, both transcriptional
and post-translational modifications, and the release of
growth factors, which are enhanced after exercise [22].
Furthermore, biological activity of tenocytes and collagen
fibril arrays adapt to mechanical stimulation [23]. Our
results also confirmed that a constricted paratenon with
external compression has a negative effect on the differ-
entiation of collagen.

The second finding is that the constricted paratenon
with external compression can cause a longer duration
of the inflammatory process. Persistent inflammation
can disturb the microenvironment and have a negative
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Fig. 6 (A, B) Immunohistochemical analysis of the type | collagen and type Ill collagen was assessed at 2 and 4 weeks postoperatively, magnifica-
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gradually over time

impact on the tendon regeneration process. Our results
show that the VEGF expression lasts longer and TGE-
B1 was found to have lower levels in the CP group. Dur-
ing tissue regeneration, the new blood vessels which
are induced by the vascular endothelial growth factor
(VEGF) are essential for providing oxygen, nutrients, and
ensuring metabolism [24]. However, some scholars have
found that sustained high expression of VEGF may limit
tendon regeneration at a later stage [25]. High levels of
VEGEF lead to blood vessel over-growth, which has been
shown to promote scar tissue formation [26]. Especially
for non-vascular tissues (such as tendons, ligaments, car-
tilage, etc.), limiting rather than promoting VEGF during
the tissue regeneration process, may be beneficial [25].
On the other hand, TGF-P1 can direct cell differentiation,
proliferation, and even tendon ECM production, playing
an important role in tendon regeneration [27]. Although
TGF-pB1 ligands are often used to induce chondrogenesis
in vitro, they are also effective inducers of tendon mark-
ers such as Scx [28]. Hou et al. implanted bone marrow
mesenchymal stem cells transfected with the TGF-B1
gene into experimentally injured Achilles tendons, show-
ing higher concentration of type I collagen, faster matrix
remodeling and larger fiber bundles [29]. Heinemeier et

al. showed that the mechanical load of a human tendon
during exercise would increase TGF-B1 and stimulate
the production of type I collagen in the tendon [30]. The
TGEF-B1 has been proven to direct mesenchymal progeni-
tors in the direction of tenogenic differentiation [31]. If
the content of TGF-B1 is reduced, the mesenchymal
progenitors cell migration, differentiation and prolifera-
tion could be astricted, resulting in scar tissue formation
(mostly type III collagen). In the present study, the regen-
erated tendon in the control group expressed TGF-B1
more intensely. Finally, the control group contained more
type I collagen than the CP group (P=0.018).

How the formation of external mechanical pressure
induced local scar tissue is still unclear. One possible rea-
son for scar tissue formation at the ruptured tendon site
is that the recruitment of tendon stem/progenitor cells
(TSPCs) was limited with an altered microenvironment
in the constricted paratenon with external compres-
sion. Increasing TSPC recruitment and reducing inflam-
mation could be a promising approach to speed up the
intrinsic regeneration process [13, 14, 32]. Chailakhyan’s
research showed that the application of bone marrow-
derived mesenchymal stem cells (BM-MSCs) in a tissue-
engineered tendon construct leads to the restitution
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of the tendon tissue [17]. Endogenous tendon CD146*
cells migrate to the injury site, which plays a critical role
in tendon regeneration. Shi declared that an increased
expression of CD146 related to tendon matrix forma-
tion and tendon differentiation, as well as a decrease in
apoptotic cells and pro-inflammatory macrophages [33].
In addition, proliferating cell nuclear antigen (PCNA), as
an indicator of cell proliferation involved in DNA repli-
cation, is utilized to assess the proliferation capacity of
fibroblasts [34]. Leong observed that the proliferation of
fibroblasts peaked and subsequently decreased, as evi-
denced by the location of PCNA [35]. In this study, stem
cells tagged CD146 were denser in the control group,
however, the cell proliferation landmark PCNA was
more noticeable in the CP group at 2 weeks. Both types
of the fluorescence dye started to dissipate by 4 weeks.
Our results indicated that the intrinsic regeneration was
dominated by TSPCs in the control group, however, the
scar tissue repair process was dominated by proliferat-
ing fibroblasts in the CP group. Based on these results,
the concept of “Paratenon Guided Regeneration (PGR)”
was proposed: Maintaining the integrity and sufficient
sub-space of the paratenon could be a key factor for the
intrinsic regeneration of the ruptured Achilles tendon
fibrils. In clinical practice, external compression should
be avoided during immobilization after acute Achilles
tendon rupture. The paratenon should be protected care-
fully during Achilles tendon repair surgery.

There are some limitations in this study. First, we have
only conducted limited testing in terms of gene expres-
sion. Second, no mechanical testing was performed in
the present study, which results in a partial conclusion. A
mechanical test will be carried out in sequential research.
Thirdly, the 3D-printed clasp also exerts external com-
pression on the entire soft tissue area, encompassing
the skin, subcutaneous tissue, and paratenon. Accu-
rately simulating the actual conditions of the constricted
paratenon under external compression remains a chal-
lenge. The final limitation of this study is that an animal
model was used, and further control studies are required
to mimic the constricted paratenon of the repair process
of the ruptured Achilles tendon in human beings.

Conclusion

Sufficient regeneration can be obtained, even though
there is an obvious gap between severed rabbit common
calcanean tendon stumps with an intact paratenon. How-
ever, a constricted paratenon with external compression
could negatively influence the intrinsic regeneration pro-
cess and promote disorgnaztion of regenerated collagen
due to a longer duration of the inflammatory process and
the limitation of tendon-resident stem/progenitor cell
recruitment.
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Abbreviations

cpP Constricted paratenon

3D 3-dimensional

PCNA Proliferating cell nuclear antigen
CD146  Clusters of differentiation 146
VEGF Vascular endothelial growth factor
TGF-31  Transforming growth factor-beta 1
TSPCs Tendon-derived stem/progenitor cells
MRI Magnetic resonance imaging

ABS Acrylonitrile Butadiene Styrene
H&E Hematoxylin and eosin

MT Masson’s trichrome

HRP Horseradish Peroxidase
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