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Abstract

This study examines the protective effects of mesenchymal stem cell-conditioned (CM) medium on heart tissue after in-
duced myocardial infarction (MI). New Zealand White Rabbits were divided: MI, mesenchymal stem cells (MSC) (300 ul),
CM(300 pl) and Control. Echocardiography was applied, and the levels ofIL-6, TGF-8 and TNF-a were analyzed using
ELISA. All tests were done 1, 4 and 8 weeks after the surgery. Histological studies were done 8 weeks after surgery. CM
group showed a significant improvement in cardiac function. The level of IL-6 increased significantly in all weeks after
surgery in CM. While the level of TNF-« increased remarkebly in CM group in 4™ week. TGF-8 decteased significantly in
CM group at all the times. Histological findings confirmed the tissue protection effect of CM. In conclusion, our results

support the protective role of CM through its paracrine effects on the MI-induced heart.

Introduction

Myocardial infarction (MI) is the most common cause of heart
failure which eventually leads to myocardial cell injury and death.
It occurs as a result of cardiomyocytes death resulting in loss of
viable myocytes [1]. Following MI, due to inflammatory response,
the death cells are removed and replaced by fibrous scar [2]. Dur-
ing this process, various cytokines are produced which perform
an important role in restoration of myocardial structure [3].
Moreover, since cytokines change in heart diseases, the recovery
rate after treatment can be indicated by measuring the level of cy-
tokines [4]. Cytokines are regarded as an autoctine and/or parac-
rine factors which can induce various biological responses. Some
of heart diseases are associated with cytokine activation leading
to affecting different physiologic parameters; for example cardiac
mechanical function [5]. Considering the critical role of inflam-
mation in tissue repair process, by interfering in these paths, we
can decrease the heart cell injury and improve the tissue repair.
Even in common treatments such as B-adrenergic blockers, the
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inflammatory cascades are interfered; that is, TNF-a and TNF-o
1 and 2 are decreased [0, 7]. Howevet, several studies have shown
the complicated functions of cytokine; therefore, it is difficult to
anticipate the therapeutic effects of cytokines.

In spite of the fact that various kinds of treatment options have
developed, the lost cardiomyocyte mass has failed to be replaced
with new contractile cells. Due to the limited ability of self-regen-
eration of heart cells, gene-and cell-based therapeutic approaches
have been introduced [8].

In the recent years, mesenchymal stem cells (MSC) have widely
applied for the treatment of variety of diseases such as cancer [9],
brain [10], lung [11] and liver diseases [12]. They also have gener-
ated a great amount of interests for treatment of cardiovascu-
lar disease. Due to secretion of various specific cytokines, MSCs
have had different clinical applications in recent years, which one
of them is their application in treatment of myocardial infarction.
The goal of this method is modulating of cytokines responses
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and as a result preventing the myocardial necrosis [13].

According to previous studies MSCs transplantation 7z vivo is able
to provide functional cardiomyocytes as well as trigger neovas-
cularization to provide blood vessels for nourishing the forming
cardiomyocytes [14]|. Although many studies on the clinical ap-
plication of MSC have been carried out, the mechanisms of their
functions, particularly the importance of soluble factors and their
paracrine effects in MI treatment have remained elusive.

However, applications of stem cells have some disadvantages
too, for example, stenting restenosis, tumorigenesis, stem cell me-
tastasis, stem cell-mobilized cytokine-related complications [15].
Therefore, the new methods are needed to be introduced. Since
stem cells usually secrete various bioactive molecules which act
in paracrine fashion [106], stem cell-conditioned medium can be
regarded as a good candidate for cardiac disease treatment.

The stem cell-conditioned medium therapy is much cheaper than
many of other methods of treatments [17]. Moreover, it can be
used several times during the treatment period, and it is more
accessible [18]. Since in this method no cell is involved, the cell
rejection is not expected to be seen.

In this study, we examined the possible therapeutic role of mesen-
chymal cell-conditioned medium during eight weeks after MI on
rabbits to evaluate the effects of cytokines on the heart affected
by myocardial infarction.

Method and Materials

Adult male New Zealand White rabbits with average weight of
250-300g were purchased from Pasteur Institute, Iran, and were
maintained in the animal house of Medical University of Iran un-
der constant laboratory conditions (12h light:12h dark cycle and
25-26°C) with free access to food and water. All the ethics of
working with laboratory animals were done in accordance with
the principles of local ethical committee at the Iran University of
Medical sciences. 28 male rabbits were assigned to four groups
(n=7) including: myocardial infarction group (MI), mesenchy-
mal cell test group (MSC, 300ul), mesenchymal cell-conditioned
medium group (CM, 300 ul) and finally Normal Control group.
MSCs and conditioned medium from mesenchymal stem cells
were injected directly into the ventricle after inducing MI in MSC
and CM groups, respectively. MI was induced according to previ-
ous studies; briefly, after anesthetizing using Ketamine (35mg/kg)
and Xylazine (5mg/kg), MI was created using ligation of the left
anterior descending coronary artery (LAD).

Identification of MSCs

Flow cytometry was applied for assessment of expression of
superficial matkers including CD105, CD166, CD90 and CD44.
These markers prove the MSC identity of cells.

Preparation of MSC Cell-Conditioned Medium
The MSCs were cultured in flask and after three days the superna-

tant was collected and stored at -80C. Then, it was concentrate to
the ratio of 10:1, using filter 10KD.

http:/ /scidoc.org/IJST.php

Echocardiography

Heart function was measured in each group using echocardiogra-
phy 1, 4 and 8 weeks after the surgery.

Histological Examination

The hearts were harvested and after tissue processing, each heart
was blocked. Then 7pm thick sections were cut using a microtome.
Alkaline phosphatase (ALP) was applied for determining the rate
of angiogenesis in ischemic tissue; moreover, percentage of col-
lagen fibers and pyknotic nuclei were detected using trichrome-
masson and Haematoxylin-Eosin (H&E) methods, respectively.
Histological studies carried out after 8 weeks after surgery.

Measuring Serum Cytokines

Several cytokines including IL-6, TGF- and TNF-a were ana-
lyzed using Enzyme-linked immunosorbent assay (ELISA). The
tests were carried out based on Kit’s instructions which purchased
from USCN Company, China.

Statistical Analysis

One-way analysis of variance (ANOVA) and Scheffe test using
the SPSS V16/0 software was used to analyze the data and p
<0.05 is considered as statistically significant.

Results
Histology

Microscopic slides of heart were stained using Alkaline phos-
phatase which represent the level of Neo-angiogenesis in ischem-
ic tissue (Figure 1, Graph 1), H&E which shows the number of
pyknotic cells (Figure 2, Graph 2) and trichrome masson staining-
which indicates percentage of collagen fibers (Figure 3, Graph 3).

Echocardiography

The parameters of EF (Ejection fraction), FS (Fractional shorten-
ing) and LVED (Left Ventricle End Diastolic Dimension) were
measured using echocardiography 1, 4 and 8 wecks after MI. The
results are shown in the Table 1-3.

Measurement of Cytokines

The level of I1.-6, TNF-a and TGF-$ were measured using ELI-
SA and results are shown in graph 4, 5 and 6, respectively.

Discussion

Our results showed that heart function improved considerably
following treatment with CM. According to echocardiography re-
sults, EF in CM group improved significantly in comparison with
MI and MSC groups after 4 weeks; a significant improvement was
observed in FS in CM group after 1 week when compared to MI
and control group. Furthermore, 4 and 8 weeks after treatment a
noticeable increase in the FS parameter in CM was observed in
comparison with MI and MSC groups. MSC was also able to im-
prove the heart function; however, in most cases the CM showed
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Figure 1. Micrographs of the heart tissue (X40, Alkaline phosphatase staining) in different groups 8 weeks after inducing
MI. A) Normal Control group: NO ALP reactionin the normal tissue was seen. B) MIGroup: The fibrous tissue in the heart
was seen, but no ALP reaction was observed. C) MSC group: ALP reaction in capillary of heart tissue was observed. D) CM

group: ALP reaction in capillary of heart tissue was less than that of in MSC group.

Graph 1. Alkaline phosphatase staining in heart tissue in the different groups 8 weeks after test. Percentage of staining
represents the neo-angiogenesis in tissue. There was a significant difference between MSC and CM groups in comparison
with MI and Control groups; moreover, a significant difference between MSC and CM was found.*P <0.05 vs. MI control;

**P <0.005 vs. MI control. All groups have significant difference vs. normal control group.
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Figure 2. Micrographs of the heart tissue (X40, H&E staining) in different groups 8 weeks after test. A) Normal Control
group: Presence of oval and euchromatin nuclei in heart cells representing the normal structure of heart. B) MI group:
Pyknotic nucleous were seen almost in all heart cells. C) MSC group: The euchromatin and oval cell nuclei represent the
repair of cardiomyocytes after treatment with MSC. D) CM group: after induction of ischemia and prescription of CM in
heart cells, regeneration was seen which less than mesenchymal test group was.
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Graph 2. H&E staining in heart tissue in the different groups 8 weeks after test. The percentage of pyknotic cells has been
indicated. There was a significant difference between MSC and CM groups in comparison with MI and Control groups;
moreover, a significant difference between MSC and CM was found.*P <0.05; **P <0.005. All groups have significant differ-
ence vs. normal control group.
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Figure 3. Micrographs of the ischemic region of heart tissue (X40, trichromemasson staining) in different groups 8 weeks

after test. A) Normal Control group: representing the normal structure of heart with some collagen fibers in control group.

B) MI group: fibrous tissue as well as a lot of Collagen fibers in the heart tissue was observed after induction of ischemia.

C) MSC group: Representing the regeneration of Myocytes. D) CM group: Regeneration of Myocytes was seen but it was
less than that of Mesenchymaltest group.

Graph 3. Massons trichrome staining in heart tissue in different groups 8 weeks after test. There was a significant difference
between MSC and CM groups in comparison with MI and Control groups; moreover, a significant difference between MSC
and CM was found. * P <0.05; ** P <0.005. All groups have significant difference vs. normal control group.
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Table 1. Results in Different Groups After 1 Week.

Groups LVED (mm) | EF (%) FS (%)
MSC Test | 11.73 4033 | 50.50 £ 0.28 | 23.0t +1.21
CM Test 1115+ 0.54 | 5225 + 0.66 | 29.50 + 0.69
MIcontrol | 1284+ 1.6 | 49.0™ +231 |22.70% £ 0.86
Normal control | 150+ 0.69 | 70.0+0.57 | 40.0¢ + 0.28

Result of measurement of some parameters including: Ejection fraction (EF), Fractional Shortening (FS) and Left Ventricle End Dias-
tolic Dimension (LVED), in vatious groups after 1week after treatment.*P <0.05 vs. MI control; **¥P <0.005 vs. MI control; TP <0.05
vs. normal control; T1P <0.005 vs. normal control; #P <0.05 vs. CM; ##P <0.005 vs. CM.

Table 2. Echocardiography Results in Different Groups After 4 Weeks.

Groups LVED EF FS
MSC Test 12.28 £ 0.46 50.83#T + 0.67 24.0%" £ 0.75
CM Test 12.15 £ 1.06 62.75%1.52 32,50 £ 0.28
MI control 13.76 £ 0.89 46.83%% 0.83 20.87* + 0.86
Normal control | 14.90 = 1.96 70.0 £2.19 41.20 £ 0.57

Result of measurement of some parameters including: Ejection fraction (EF), Fractional Shortening (FS) and Left Ventricle End
Diastolic Dimension (LVED), in various groups after 4 weeks after treatment.*P <0.05 vs. MI control; **P <0.005 vs. MI control; TP
<0.05 vs. normal control; 1P <0.005 vs. normal control; #P <0.05 vs. CM; ##P <0.005 vs. CM.

Table 3. Echocardiography Results in Different Groups After 8 Weeks.

Groups LVED EF FS
MSC Test 13.701+0.28 58.00T £1.15 29.00"TT £0.57
CM Test 12.50£0.86 64.00%1.15 33.50%0.63
MI control 13.60£0.92 57.57£0.80 27.14%£0.55
Normal control | 15.20%0.46 69.50£0.80 41.13##40.57

Result of measurement of some parameters including: Ejection fraction (EF), Fractional Shortening (FS) and Left Ventricle End
Diastolic Dimension (LVED), in various groups after 8 weeks after treatment.*P <0.05 vs. MI control; **P <0.005 vs. MI control; TP
<0.05 vs. normal control; 1P <0.005 vs. normal control; #P <0.05 vs. CM; ##P <0.005 vs. CM.

Graph 4. The level of IL-6 (pg/mg) in serum 1, 4 and 8 weeks after surgery. There was a significant difference between the
CM group and other groups.
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Graph 5. The level of TNF-« (pg/mg) in serum 1, 4 and 8 weeks after surgery. There was a significant difference between
the level of TNF-« in MSC group in 1st and 4th weeks, and also in CM group in the 4th week, in comparison with MI and
control groups. Moreover, a significant increase in the level of TNF-« in the MSC group in the 1th week was seen when
compared to the CM group.
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*P <0.05; **P <0.005. All groups have significant difference vs. normal control group.

Graph 6. The level of TGF-§ (pg/mg) in serum 1, 4 and 8 weeks after surgery. There was a significant difference between
the levels of TGF-8 in CM group with other groups in all weeks, and also there was a significant increase in the level of
TGF-8 in MSC group when compared to MI and Control groups in all weeks.
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*P <0.05; #*P <0.005. All groups have significant difference vs. normal control group.

the more significant impact.

It is well documented that mesenchymal stem cells through their-
paracrine action are able to preserve the function of many organs
[10].

It seems specific bone marrow-derived MSC is able to secrete par-
acrine factors which induce angiogenesis, affect cellular migration
and attenuate caspase-3 which support the idea of cardio protec-
tive effects of MSC after MI is due to its paracrine secretions.
Measurement of some factors such as VEGF, MCP-1, MIG,
MIP-1o, and MIP-18 and existence of their RNA in the MSC
media has been shown [19].

Timmers and et al., (2008) [23] showed that MSC-CM is able

to reduce the myocardial infarct size in patients with acute MI.
Moreover, the positive effects of MSC conditioned medium on
ischemia-related heart dysfunction has been reported, which is
in agreement with our findings. MSC-CM is shown to preserve
left ventricular (LV) function in rats with induced acute myocar-
dial infarction [20]. Cardiac fibroblasts (CFBs) have the ability to
produce cytokines in response to various stimuli such as ischemia
[21]. Cytokines such as MMP-2, MMP-9, and TIMP which can
be secreted by MSC are able to modulate CFB activity and in this
way perform an important role in regulation of left ventricular
remodeling. MMP-2 after treatment with MSC-CM also prevents
accumulation of collagen [22].

It is reported that MSC performs its role by secretion of pat-
acrine mediators such as chemokines and cytokines both in the
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cultured medium and MSC-implanted area [20]. MSC can pro-
duce chemokins like SDF-1a, VEGE, and HGF which play an
essential role in the angiogenesis, vasculogenesis and regenera-
tion by contributing in mobilization of endothelial progenitor
cell/MSC which leads to they circulate to ischemic area [19]. It
is showed that MSCs through their paracrine effects lead to pro-
tection from apoptosis which results in cardiac protection [16].
Based on studies carried are so far, intracoronary treatment with
MSC-CM reduces myocardial nuclear oxidative stress, expression
levels of phospho-SMAD?2 and active caspase 3 indicating reduc-
tion in TGF-§ signaling and apoptosis which results in consid-
erable decrease in infarct size and improvement of systolic and
diastolic cardiac performance which can be showed by echocar-

diography [23].

It is also demonstrated that cardiac fibrosis is considerably de-
creased by transplantation of MSCs. In addition, viability, alpha-
smooth muscle actin expression, and collagen secretion of cat-
diac fibroblasts are reduced by MSC-CM 7 vitro. It is showed that
ventricular fibrosis decreased after intracardiac injection of MSCs
which could lead to improvement of morphological and func-
tional cardiac parameters [22]. Moreover, it is shown that collagen
density in myocardium was lower in pigs treated with MSC-CM
[24]. It is well established that MSC transplantation enhances the
angiogenesis after MI [25]. The neoangiogenesis leads to reduc-
tion in apoptosis of hypertrophied myocytes in the peri-infarct
region; moreovet, it causes survival of viable myocardium, de-
crease in collagen deposition and also sustained improvement in
cardiac function [26].

Capillary density enhances following treatment with human MSC
conditioned medium; in addition, it maintains the systolic and
diastolic function, probably by increasing myocardial perfusion,
after MI in porcine model. It is suggested that mechanisms in-
volved in vascular repair play an important role in decreasing the
myocardial injury and improving cardiac function after MI [24].

In the present study the high level of IL.-6 and TNF-a was seen
in CM group; while, the level of TGF-8 decreased significantly in
this group. In MSC group, the level of TNF-u increased signifi-
cantly in the 1* and 4™ weeks after treatment. Moteovet, the level
of TGF-f was lower than that of in MI in 1th week; however, it
increased during time.

TGF-B1 plays an important role in the development of fibrosis;
therefore, it is likely that its blockage decreases or even prevents
fibrosis in the infarct and the non-infarct zones and in this way
leads to improvement in ventricular compliance [27].

According to previous studies, spinal cord injured rats, the lev-
el of IL-6 and TNF-a values show a tendency to increase after
bone marrow-derived MSC-CM treatment [28]. Cytokines such
as I11.-6 and TNF-o are mediators which play a critical role in the
inflammatory response [29]. However, it is believed that the role
of TNF-o in myocardial infarction is more complex than to be
regarded just as a trigger of a cytokine cascade [30, 31]. TNF-«
has been found to be exist in the canine cardiac mast cells, which
shows that cell-derived TNF-a may be released following myo-
cardial ischemia, and therefore, indicating an ‘upstream’ cytokine
which is responsible for initiating the inflammatory cascade [32].
It is believed that during the healing phase, TNF-o is expressed

http://scidoc.org/IJST.php

not only in the infarct or pre-infarct zone, but also in the nor-
mal non-infarcted myocardium, in which remodeling is occurring.
Therefore, it is likely that sustained TNF-a expression may play a
role in the repairment following myocardial infarction [33]. It is
indicated that increase in the regulatory T-cells attenuate ventricu-
lar remodeling after MI [34]. Several paracrine factors including
HGEF, TGF-81, IL-6, and IL.-10 have been shown to be involved
in the process of differentiation of T-cells into different subtypes
which can be affected by MSC [35]. Monocytes which are able
to differentiate into macrophage can play an important role in
inflammation and tissue repair, clearing of debris and the produc-
tion of pro-inflammatory cytokines, such as IL-13, TNF-o, and
IFN-y. After MI, some types of macrophage have been found in
the heart [36]. It is well documented that level of cytokines such
as TNF-a or I.-6 which are not expressed in the normal heart
[37, 38], increase after MI which can regulate myocyte survival or
apoptosis. TNF-a can perform its cytoprotective effect through
the activation of the transcription factors NF-xB and stress-ac-
tivated protein kinase/c-Jun N-terminal kinase (JNK) which will
result in the activation of cytoprotective gene expression [39].

It is shown that TNF-R1 and TNF-R2 (INF receptors) double-
receptor knockout mice possess larger infarct size, left coronary
ligation as well as increased myocyte apoptosis in comparison
with control group, which demonstrate the cardioprotective ac-
tion of TNF-a. Furthermore, it is shown that in adult feline car-
diac myocyte TNF-a leads to increase in synthesis of structural
and contractile protein [40, 41]. These findings show that TNF-«
may induce a cytoprotective signal which leads to preventing or
delaying the development of myocyte apoptosis following MI.

It is reported that TNF-u is able to modulate myocyte and fibro-
blast cell growth and function. It can stimulate proliferation and
expression of fibronectin in fibroblasts. Its level has been shown
to be in parallel with increasing the proliferating fibroblasts, at
the border zone of the infarct region. Moreover, it is shown that
TNF-o mRNA level is higher in comparison with control in the
infarct area [33]. Since TNF-o induces the I1L.-6 release; therefore,
the increase of IL-6 may be as result of long term presence of
TNF-o [42].

Conclusion

As the most important finding of this study, both MSC and MSC-
CM could improve cardiac function after MI in rabbits, although
in some cases the effect of MSC-CM was more significant. The
positive effects of MSCs on the heart after MI have been dem-
onstrated in previous studies. Furthermore, it seems MSCs can
perform their role through paracrine effect. Nevertheless, con-
sidering this fact that MSC therapy may have some disadvantages.
Moreover, it is likely that we can achieve better results by re-injec-
tion of MSC-CM for several times during the treatment period,
while this may be risky regarding MSC therapy. Taking the cited
points into account, the application of MSC-CM can be a promis-
ing approach for improvement of infarcted heart.
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