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IL-17A levels increase in the infarcted region of the left ventricle in a
rat model of myocardial infarction
Ana María Ávalos1, Felipe A. Apablaza1, Mariana Quiroz2, Viviana Toledo1, Juan Pedro Peña3, Luis Michea3,
Carlos E. Irarrázabal2, Flavio A. Carrión1, Fernando E. Figueroa1
1

Laboratorio de Inmunología Celular y Molecular, Facultad de Medicina, Universidad de los Andes. Santiago, Chile.
Laboratorio de Fisiología Molecular, Facultad de Medicina, Universidad de los Andes. Santiago, Chile.
3 Laboratorio de Fisiología Integrativa. Instituto de Ciencias Biomédicas (ICBM), Facultad de Medicina, Universidad de Chile. Santiago, Chile.
2

ABSTRACT
Th17 cells, a recently described subtype of CD4+ eﬀector lymphocytes, have been linked to cell-mediated autoimmune and inflammatory
diseases as well as to cardiovascular diseases. However, the participation of IL-17A in myocardial ischemic injury has not been clearly
defined. We therefore conducted the present study to evaluate IL-17A and Th17-related cytokine levels in a rat model of myocardial
infarction (MI).
MI was induced in male Sprague Dawley rats by coronary artery ligation. Controls were sham-operated (Sh) or non-operated (C). Blood
and samples from the left ventricle (LV) were collected at weeks 1 and 4 post-MI. At week 1, MI animals exhibited increased IL-6, IL-23 and
TGF-β mRNA levels with no apparent change in IL-17 mRNA or protein levels in whole LV. Only TGF-β mRNA remained elevated at week 4
post-MI. However, further analysis revealed that IL-17A mRNA and protein levels as well as IL-6 and IL-23 mRNA were indeed increased in
the infarcted region, though not in the remote non infarcted region of the LV, except for IL-23 mRNA.
The increased expression of IL-17A and Th17-related cytokines in the infarcted region of LV, suggests that this proinflammatory pathway
might play a role in early stages of post MI cardiac remodelling.
Key terms: Interleukin-17, Th17, myocardial infarction, cardiovascular disease.

INTRODUCTION

Myocardial infarction (MI) is the major cause of death and
disability worldwide, and despite considerable advances in
diagnosis and treatment, continues to be a major public health
problem. Its main sequelae of myocardial remodelling and
eventual progression to ventricular dysfunction and heart
failure remain as problems not fully understood and also
diﬃcult to treat (Thygesen and Alpert, 2007)
Since the sentinel description of inflammatory cytokines
in patients with heart failure in the 90´s by Levine (Levine et
al.,1990), there has been growing interest in the role that these
molecules play in regulating cardiac structure and function,
particularly regarding their role in disease progression (Nian
et al., 2004; Mann 2009). Animal models of MI have shown
that pro-inflammatory cytokines are involved in cardiac
remodelling: in rats, for example, TNF-α, interleukin (IL)1β and IL-6 levels increase significantly in the left ventricle
(LV) after MI ( Li et al., 2006; Deten et al., 2002; Ono et al.,
1998). Also CD4+ T helper (Th) dependent responses have
been shown to play a role in the pathogenesis of several
cardiovascular diseases (Baidya and Zeng, 2005). Clinical and
experimental studies have shown that increased Th1-associated
inflammatory responses and decreased Th2-type antiinflammatory responses are associated with the pathogenesis
of atherosclerosis (Baidya and Zeng, 2005), and acute coronary
syndromes (ACS) including acute MI and unstable angina
pectoris (Cheng et al., 2005; Pasqui et al., 2005; Methe et al.,
2005; Steppich et al., 2007).

Th17 cells are a recently described eﬀector T-cell subset that
secretes mainly pro-inflammatory cytokines including IL-17,
IL-6 and tumor necrosis factor alpha (TNF-α) (Harrington et
al., 2005; Langrish et al., 2005; Park et al., 2005). Transforming
growth factor-beta (TGF-β), IL-21 and IL-6 are required
for induction of Th17 differentiation whereas IL-23 plays
an important role in expanding and stabilizing the Th17
phenotype (Awasthi and Kuchroo, 2009, Mangan et al., 2006).
IL-23 also induces proinflammatory effector cytokines in
Th17 cells. Therefore, similar to the eﬀect of IL-12 for Th1
development, IL-23 plays a fundamental role in stabilizing
the Th17 lineage and promoting Th17 responses, even if the
initial steps of Th17 diﬀerentiation might be independent of
IL-23 (Aggarwal et al., 2003). Thus, IL-23 has been considered
essential for full diﬀerentiation and eﬀector function of Th17
cells (Chen et al., 2011). Th17 cells have not only been shown
to exert a pathogenic role in autoimmune and inflammatory
conditions (Langrish et al., 2005; Awasthi and Kuchroo, 2009;
Chen et al., 2006) but more recently have also been associated
with cardiovascular diseases (Cheng et al., 2008). Indeed,
several studies now indicate that infl ammation is a major
factor contributing to the pathophysiology of cardiovascular
diseases and that Th17 cells are involved in myocardial
injury, hypertrophy, and remodelling. Patients with dilated
cardiomyopathy reveal increased peripheral Th17 numbers,
Th17 related cytokines (IL-17, IL-6 and IL-23) and transcription
factors. (Yi et al., 2009). Importantly, a role for Th17 cells has
also been suggested in ischemic heart disease. Observations in
patients with ACS revealed a significant increase in peripheral

* Corresponding author: Fernando E. Figueroa, MD. Laboratorio de Inmunología Celular y Molecular. Facultad de Medicina, Universidad de los Andes. Av. San Carlos de Apoquindo 2200,
Las Condes. Santiago, Chile. Postal Code: 7620001. Tel: (56)-2-4129455. E-mail address: ffigueroa@uandes.cl (F. Figueroa)
Received January 20, 2012 . In Revised form: May 30, 2012. Accepted: June 6, 2012

12 Avalos.indd 193

29-06-12 15:28

194

ÁVALOS ET AL Biol Res 45, 2012, 193-200

Th17 cell numbers and Th17-related cytokines (IL-17, IL-6, and
IL-23) (Jafarzadeh et al., 2009; Liang et al., 2009; Hashmi and
Zeng, 2006). In fact, a concurrent decrease in the number of
anti-inflammatory T regulatory (Treg) cells and Treg-related
cytokines - (IL-10 and transforming growth factor (TGF-β1)
in these patients indicates that a proinflammatory Th17/Treg
imbalance could be a feature also of the ACS (Cheng et al.,
2008). More recently, the finding that the expression of IL-17
cytokines and their receptors are elevated during myocardial
ischaemia/reperfusion injury also suggest that IL-17 may play
a role in post-infarct inflammatory and apoptotic responses
(Barry et al., 2011; Liao et al., 2012). Altogether, these results
suggest that IL-17 might play a role in the onset of MI but
further studies are needed to clarify whether the IL-23/IL-17
axis, along with other cytokines or independently, regulates the
progression of MI and ventricular remodelling. Therefore, the
aim of this study was to evaluate the activation of the IL-23/IL17 axis in a rat model of acute MI.
MATERIALS AND METHODS
Experimental myocardial infarction

Male Sprague Dawley rats, (200 g) were maintained under
standard environmental conditions, with food and water
ad libitum. Myocardial infarction was induced (MI group),
as described previously ( Bhindi R et al., 2006). Rats were
anesthetized with i.p. ketamine (50 mg/kg) and xylazine (10
mg/kg), intubated and ventilated mechanically (Columbus
Instruments Model 121). After thoracotomy the left anterior
descending coronary artery was ligated with silk suture
(Hospital & Diagnostics Supplies Ltda). Following coronary
occlusion, the chest was closed and after extubation, animals
received oral analgesia with tramadol (5 mg/kg weight).
Serum and LV samples were collected at week 1 (MI-1
week) and week 4 (MI-4 weeks) post procedure. Sham (Sh)
operated rats (Sh-1 week and Sh-4 weeks) underwent the same
procedure, but with no coronary ligation. Non-operated rats
also served as controls (C).
Experimental procedures and protocols were performed
according to the US National Institutes of Health Guide for
the Care and Use of Laboratory Animals (NIH Publication No.
85-23, revised 1996) and were approved by the Institutional
Animal Care and Use Committee of the Universidad de los
Andes School of Medicine and the Fondecyt Bioethics Advisory
Committee in Chile.
Animal euthanasia and samples collection

For euthanasia, animals were anesthetized with ketamine (50
mg/kg) and xylazine (10 mg/kg) i.p. and hearts were injected
with intraventricular 10% potassium chloride, according
to the American Veterinary Medical Association (AVMA)
Guidelines on Euthanasia. Hearts without a transmural
infarction or an infarct scar size < 20% of LV perimeter upon
visual examination were excluded from the study in order to
evaluate only infarctions of at least moderate size (Schoemaker
et al., 1990). The LV was then dissected, weighted and a
transversal section including the infarcted zone was extracted
and fixed with 10% formaldehyde for histological analysis,
while a contiguous section of the LV was reserved for RNA and
protein extraction. 20 mg samples were taken from the non-
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infarcted zone (or analogous region from Sh group samples)
and kept in RNAlater® solution (Ambion) until RNA extraction.
The remaining LV was homogenized with Complete Lysis-M
reagent and protease inhibitor cocktail (Roche). To assess
cytokine expression in the infarcted zone of LV, we employed
a second group of MI-1 week animals to extract RNA and
protein samples exclusively from the infarcted region (MI-IR)
and from the remote non-infarcted region of the LV (MI-RR),
contralateral to the infarcted one (Figure 1). A Sh group was
also used for these experiments.
Assessment of cardiomyocyte hypertrophy and infarct size

Hypertrophy was quantified as the average cardiomyocyte
cross sectional area in paraﬃn embedded sections of 6 mm
of thickness of the LV, stained with haematoxylin and eosin.
Microphotographs were obtained at high magnification for
each section and the cross sectional area and perimeter of
at least 15 cells from 5 diﬀerent fields was quantitated by a
blind observer using ImageJ software (NIH). To assess the
infarct scar size, paraﬃn sections were stained for 90 minutes
with Sirius red. In each section the collagen-positive area was
calculated as the area occupied by red-stained collagen divided
by the total tissue area. The same pictures used for fibrotic
area determination were also used for infarct size estimation
by measuring the perimeter of infarcted tissue and dividing it
by the perimeter of the complete left ventricle ( Fishbein et al.,
1978; Pfeﬀer et al., 1979)
Quantitation of IL-17A and IL-6 expression in cardiac tissue and plasma
by ELISA

Protein content in extracts was measured using a BCA protein
assay kit (Pierce). ELISA kits were used to quantitate left
ventricle levels of IL-17A (eBioscience) and IL-6 (Thermo
Scientific) in LV homogenates and plasma. Absorbance was
measured by ELISA reader (Bio-Tec) at 450 nm and results were
expressed as pg/ml for plasma or pg/mg of protein for the LV
homogenates.
RNA isolation and semi-quantitative reverse transcriptase chain reaction
(RT-PCR) analysis of cytokines

Total cellular RNA was extracted from tissue samples with
Trizol (Invitrogen), according to the manufacturer’s instructions. Reverse transcription reaction was performed with
ImProm-II™ Reverse Transcriptase in a thermocycler (Maxygene Thermal Cycler, Axygen). For PCR reaction, the following
oligonucleotides were used as rat sense and antisense primers,
respectively. IL-17A (247 bp): 5’-CTTCACCCTGGACTCTGAGC-3´, 5´-TGGCGGACAATAGAGGAAAC-3´; IL-6 (218
bp): 5´-AGTTGCCTTCTTGGGACTGA-3´, 5´- ACAGTGCATCATCGCTGTTC-3´; TGF-b1 (187 bp): 5´-GACCTGCTGGCAATAGCTTC-3´, 5´-GGGTCTCCCAAGGAAAGGTA-3´;
IL-23, α subunit p19 (152 bp): 5´- CAGGTTCCCATGGCTACAGT-3´, 5´-TCTGGGGTTTGTTGCTTTTC-3´; IL-1β (248
bp): 5´-CAGCAATGGTCGGGAC-3´, 5´-ATAGGTAAGTGGTTGCCT-3´; TNF-α (209 bp): 5´-TGATCCGAGATGTGGAACTG-3´; 5´-GGCCATGGAACTGATGAGAG-3´ and glyceraldehyde 3-phosphate dehydrogenase (GAPDH, 156 bp):
5´-CACGGCAAGTTCAACGGC-3´, 5´-GGTGGTGAAGACGCCAGTA-3´.
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Conventional PCR reactions were performed in a
thermocycler (Maxygene Thermal Cycler, Axygen) and the PCR
products were visualized on 2% agarose gels, photographed
and analyzed with ImageJ software for semi-quantitative
assessment. Real time PCR reactions were performed in a
Chromo 4 (Bio Rad) thermocycler/detector. The mRNA levels
were expressed relative to the amount of GAPDH mRNA
present in each sample.

Localization of IL-17A by immunohistochemistry

Immunohistochemistry was used to confirm IL-17A expression
in the MI-IR and MI-RR of the LV. Paraﬃn embedded sections
(5 mm thickness) underwent microwave heating in citrate
buﬀ er as antigen recovery method. Sections were blocked
with casein and as primary antibody a polyclonal rabbit AntiIL17A human IgG (Santa Cruz Biotechnology, Sta. Cruz, CA,
SC-7927) was used in 1:300 dilution. As secondary antibody
a polyclonal goat anti-rabbit IgG biotinylated (Vector Lab.
UK, BA-1000) was used in 1:3000 dilution and incubated with
peroxidase conjugated streptavidin. Control experiments
without the primary antibody were performed to rule out
the possibility of secondary antibody artifacts. Sections were
stained with diaminobenizidine (Vector Lab. UK, ImmPACT™
DAB substrate, SK-4105) and lightly counterstained with
hematoxylin (Vector Lab. UK, VECTOR Hematoxylin, H-3401)
before dehydration. Histological sections were observed under
light microscope to identify positive staining in the infarcted
and non-infarcted regions of LV.
Statistical analysis

Comparisons of means between groups were performed by
Kruskar-Wallis test and post hoc analyses were performed with
Mann-Whitney test. For all analyses we used the statistical
software SigmaStat (SigmaStat3, San Diego, CA, USA).
RESULTS
Mortality, Infarct Size and Chamber Dimensions
Figure 1: Cardiomyocyte hypertrophy and left ventricle (LV)
scar formation after MI. Top left and middle: Representative
microphotographs of LV myocardium stained with H&E in Shamoperated (Sh-1 week) and infarcted rats (MI-1 week). Bottom left
and middle: Representative photographs of hearts from Shamoperated (Sh-1 week) and infarcted rats (MI-1 week) at week
1 post MI stained with sirius red. MI-RR: Myocardial infarctionremote region, MI-IR: Myocardial infarction-infarcted region.

Mortality after the surgical procedure was similar among
experimental groups (Table 1). After excluding rats with MI
sized under 20%, data was obtained for 45 animals, according
to the following groups: Sham group at week 1 (Sh-1 week;
n=11), MI group at week 1 (MI-1 week, n=15), Sham group at
week 4 (Sh-4 weeks, n=7), MI group at week 4 (MI-4 weeks,
n=7). No significant diﬀerences in MI size were found between

TABLE 1
Hemodynamic data, cardiomyocyte hypertophy and scar formation in the LV after sham operation or myocardial infarction (MI) at 1 and 4
weeks
Experimental Group

Sh-1 week

MI-1 week

Sh-4 weeks

MI-4 weeks

Mortality (%)

33

29

36

36

n

11

15

7

7

MI size (%)

0

35.1 ± 2.9

0

31.7 ± 3.1

230 ± 7

205 ± 10 *

335 ± 16

335 ± 25

BM (g)
VM (mg)

590 ± 21

571 ± 25

887 ± 48

1032 ± 69 *

2.56 ± 0.04

2.78 ± 0.05 *

2.74 ± 0.10

3.12 ± 0.15 *

Cardiomyocyte cross-sectional area (mm2)

288 ± 6

423 ± 41 *

308 ± 31

419 ± 57

Cardiomyocyte perimeter (μm)

69 ± 1

82 ± 4 *

71 ± 3

84 ± 8

Scar area in the LV (%)

0±0

13.8 ± 1.5 *

0±0

16.1 ± 3.1 *

RVM (mg/g)

Sh-1 week: Sham operated rats at week 1, MI-1 week: myocardial infarction at week 1, Sh-4 weeks: Sham operated rats at week 4, MI-4 weeks: myocardial infarction at
week 4, n: number of rats in each group after mortality, MI size: myocardial infarction size, BM: body mass, VM: ventricular mass, RVM: relative ventricular mass (VM/BM),
LV: left ventricle. Data are presented as mean ± SEM. (*) p<0.05, Sh group vs MI group at each time after surgery.
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the MI-1 week and MI-4 weeks groups (Table 1). Body mass
(BM) was reduced in the MI group only at week 1 (MI-1 week:
205 ± 10 g vs Sh-1 week: 230 ± 7 g, p<0.05) (Table 1). Total
ventricular mass (VM) increased significantly at week 4 (MI4 weeks: 1032 ± 69 mg vs Sh-4 weeks: 887 ± 48 mg, p<0.05)
and relative ventricular mass (RVM, calculated as VM (mg)/
BM (g)) increased in MI groups at week 1 (MI-1 week: 2.78
± 0.05 vs Sh-1 week: 2.56 ± 0.04, p<0.05) and week 4 (MI-4
weeks: 3.12 ± 0.15 vs Sh-4 weeks: 2.74 ± 0.10, p<0.05). (Table
1). No diﬀerences were observed between control group (nonoperated rats) and Sham group at week 1 in all parameters
studied (data not shown). According to Yin et al (1982), the use
of body mass instead of tibia length permits a more accurate
quantification of cardiac hypertrophy. However, we observed
a close correlation between RVM calculated by body mass
and the histological measurements corresponding to myocyte
diameter and cellular cross-sectional areas in the infarcted rats.
Cardiomyocyte hypertrophy, cardiomyocyte perimeter and scar formation
in the LV.

Compared with Sh groups, average LV cardiomyocyte crosssectional area was higher in MI group than in Sh group at week
1 (423 ± 41 μm2 vs 288 ± 6 μm2, p<0,05) (Table 1, Figure 1).
Similarly, the cardiomyocyte perimeter was significantly higher
in the MI group compared with Sh group at week 1 after MI
(82 ± 4 μm vs 69 ± 1 μm, p<0.05). As expected, we confirmed
scar formation only in the MI group and not in control or Sh
animals (Table 1, Figure 1). We found no diﬀerences in LV MI

scar area among MI-1 week and MI-4 weeks groups (13.8 ±
1.5% vs 16.1 ± 3.1% respectively). No significant changes were
observed in these parameters studied between control group
and sham group at week 1 (data not shown).
MI increased IL-6, IL-23 and TGF-β expression in LV region at week 1
post MI

Relative mRNA levels of IL-6, IL-23, TGF-β, IL-1β and TNF-α
were measured in the LV after MI by conventional PCR
and expressed in relation to GAPDH (Figure. 2). MI group
exhibited increased transcription of IL-6 respect to the Sh
group at week 1 post infarction (0.63 ± 0.19 vs 0.0 ± 0.0, p<0.05)
(2, A) and also of IL-23 (1.09 ± 0.11 vs 0.36 ± 0.06, p<0.05) (2, B)
and TGF-β (1.41 ± 0.08 vs 0.70 ± 0.06, p<0.05) (2, C). At week
4, TGF-β levels in the MI group remained higher than in the
corresponding Sh group (1.15 ± 0.02 vs 0.61 ± 0.09, p<0.05),
while IL-23 levels in the MI group were indistinguishable from
those in Sh animals (0.91 ± 0.10 vs 0.77 ± 0.08). IL-6 decreased
to undetectable levels in both groups. No changes in the
transcription of IL-1β (0.74 ± 0.23 vs 0.59 ± 0.16) (2, D) nor
TNF-α (0.86 ± 0.17 vs 0.63 ± 0.21) (2, E) were detected. Even if
the elevation of TGF-β, IL-6 and IL-23 suggested an activation
of the Th17 pathway in response to MI, this was not associated
with an increase of IL-17A expression in the whole LV nor in
the mRNA levels of IL-17 at weeks 1 and 4 (data not shown).
This unexpected finding led us to compare the expression of
these cytokines more specifically in the infarcted region (MI-IR)
and remote non-infarcted region (MI-RR) of the LV.

Figure 2: Relative expression of IL-6, IL-23, TGF-β, IL-1β and TNF-α mRNA after MI. (A to E): mRNA extracted from LV samples (A
to E) from Sham (Sh) and infarcted rats (MI) was analyzed for the expression of cytokines by conventional PCR. Results are expressed as
mean ±SEM, p<0.05. (*) p<0.05 MI-1 week vs Sh-1 week, (#) p<0.05 MI-4 weeks vs Sh-4 weeks and vs Sh-1 week. n=4 to 7 per group.

12 Avalos.indd 196

29-06-12 15:28

ÁVALOS ET AL Biol Res 45, 2012, 193-200

MI increased IL-17A expression in the infarcted region of the LV

We therefore analyzed tissue samples of MI-IR and MI-RR of the
LV of infarcted rats at week 1 post MI to measure IL-17A and
IL-6 mRNA levels by real time PCR (Figure. 3). MI significantly
increased IL-17A mRNA levels in the MI-IR respect to MI-RR
of infarcted animals (7.6 ± 1.6 vs 0.3 ± 0.2, p<0.05) or to Sh
samples (0.1 ± 0.0, p<0.05) (Figure. 3, A). As expected, there was
no diﬀerence in IL-17A mRNA levels between MI-RR and Sh
samples. MI animals also exhibited increased IL-6 mRNA levels
in the MI-IR versus MI-RR (296.5 ± 30.9 vs 5.8 ± 3.4, p<0.05) and
levels of this cytokine was higher in the MI-RR than in Sh heart
samples (5.8 ± 3.4 vs 1.6 ± 1.6, p<0.05) (Figure. 3, B).

197

Expression of IL-17A and IL-6 were also quantitated in
LV protein extracts from MI-IR, MI-RR and in plasma of MI
and Sh rats by ELISA (Figure. 3). In accordance with mRNA
expression, MI significantly increased IL-17A protein levels
in the MI-IR respect to both MI-RR (12.8 ± 1.8 pg/mg vs 3.8 ±
1.5 pg/mg, p<0.05) and Sh samples (4.5 ± 0.7 pg/mg, p<0.05)
(Figure. 3, C). MI also increased IL-6 protein levels in the
MI-IR respect to MI-RR (105.7 ± 5.3 pg/mg vs 70.4 ± 6.0 pg/
mg, p<0.05) and to Sh (47.3 ± 3.6 pg/mg, p<0.05), with levels
being higher also in MI-RR than Sh (p<0.05) (Figure. 3, E). We
also found slightly increased levels of IL-17A and IL-6 in the
plasma of infarcted rats but this tendency was not statistically
significant (Figure. 3, D and F).

Figure 3: mRNA expression of Th17-related cytokines in left ventricle (LV) and protein levels of IL-17A and IL-6 in LV and plasma,
1 week after MI. (A and B): mRNA extracted from LV samples from Sham (Sh) and infarcted rats (MI) was analyzed for the expression
of IL-17A, and IL-6 by real time PCR. (C to F): Total protein extracts (C and E) and plasma samples (D and F) from Sham-operated (Sh)
and infarcted rats (MI) at week 1 post MI were analyzed by ELISA for IL-17A and IL-6 levels. MI-RR: samples from MI remote region, MI-IR:
samples from MI infarcted region. Results are expressed as mean ±SEM. (*) p<0.05 vs Sh, (#) p<0.05 vs MI-RR. n=6 per group.
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To look for in situ IL-17A in infarcted hearts we performed
immunohistochemical staining of MI-IR sections from week 1
MI and sham animals (Figure. 4). Staining was positive for IL17A in MI animals but only in the MI-IR of the LV. In addition,
we found positive staining suggestive of an endothelial pattern
in most areas of the infarction scar (Figure. 4, left) and few
small positive cells in the vicinity of blood vessels (Figure.
4, middle, arrows). As expected, no staining was found on
the MI-RR of MI group (Figure. 4, right) nor in the Sh group
samples (data not shown).
DISCUSSION

This is the first report of an increase in IL-17 and Th17-related
cytokines in the LV after permanent coronary occlusion in a rat
model of MI. We found increased IL-6, IL-23 and TGF-β mRNA
levels in the LV at one week post-MI, without signifi cant
changes in IL-17A, IL-1β or TNF-α expression. Only TGF-β
mRNA remained elevated at week 4 post-MI.
Even if the increases in IL-6, IL-23 and TGF-β indeed
suggested an activation of the IL-23/IL-17 axis, we could not
detect a concomitant increase of IL-17A mRNA in the whole LV
samples. We therefore looked for IL-17A expression specifically
in the infarcted region of the LV (MI-IR) and compared IL17A and IL-17 related cytokines in the infarct and the remote
non-infarcted LV region (MI-RR), at week1 post-MI. With this
approach, we found increased IL-17A mRNA and protein levels
in the infarcted region and also corroborated the increase of
IL-6 which was present at higher levels in the MI-IR than in the
MI-RR of the heart.
Th17 cells are a CD4+ T helper subset that plays
crucial eﬀector functions in inflammatory and autoimmune
processes (Harrington et al., 2005; Park et al., 2005). IL-6, IL21 and TGF-β induce diﬀerentiation of Th17 cells (Mangan
et al., 2006), whereas IL-23 is required for expansion and
pathogenicity in vivo (Aggarwal et al., 2003). Recent studies

suggest that IL-17 plays a role in the pathogenesis of coronary
disease (Jafarzadeh et al., 2009; Liang et al., 2009; Hashmi
and Zeng, 2006). Indeed, patients developing acute coronary
disease showed increased IL-17 serum levels and those who
evolved into a MI attained still higher levels than patients
with only unstable angina. Authors suggested that IL-17
levels could be used as a predictor of the inflammatory
activity within coronary vessels and therefore as a risk
factor for coronary incidents (Jafarzadeh et al., 2009). This
idea was highlighted by a recent study that evidenced an
atherogenic role of IL-17A in a disease model in IL-17A (-/) mice (Chen et al., 2010). Although IL-17A activity may
reflect the inflammatory activity within coronary vessels, our
interest was to evaluate the activity of Th17 axis in response
to acute MI and the subsequent process of myocardial
remodelling. In fact, previous results in a MI model in mice
indicated that IL-17A levels were only increased locally in
the infarcted region (Timmers et al., 2008). Baldeviano has
evaluated the role of IL-17A in myocardial remodelling in
an animal model of experimental autoimmune myocarditis
in IL-17A (-/-) mice (Baldeviano et al., 2010). Although
IL-17A was not required for disease pathogenesis, it was
related to the decrease of ventricular function and also to
the development of dilated cardiomyopathy and subsequent
heart failure. Further support to this idea comes from a study
that showed an increase in Th17 cells in peripheral blood of
patients with dilated heart disease, also implying a role for
IL-17A in ventricular remodelling (Yi et al., 2009). Since we
detected IL-17A expression in the MI-IR of LV associated with
increased IL-6 and IL-23 expression at 1 week post-MI, our
results suggest that activation of the IL-23/IL-17 axis may
play a role in the pathophysiological process of the infarct
scar remodelling. Positive staining for IL-17A in endothelial
cells in the infarcted region after 1 week might be related to
the expected eﬀects triggered by post-MI inflammation on
cell types and processes involved in cardiac repair, such as

Figure 4: IL-17A localization on the infarcted region of the left ventricle (LV) by immunohistochemistry. Representative
microphotographs of LV myocardium from infarcted (MI) rats at week 1 post MI. Left and middle: images of the infarcted region (IR) of
the LV. As it is shown we found positive staining following an endothelial pattern in most areas of the infarction scar (left), with some small
positive cells that were in the vicinity of blood vessels (arrows). Right: image of the remote non-infarcted region of the same group of
animals (RR), cardiomyocytes can be seen without presence of positive staining on the remaining myocardium.
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enhanced leukocyte activation and adhesiveness, increased
permeability of endothelial cells, acquisition of a matrixdegrading phenotype by fibroblasts, and also cardiomyocyte
apoptosis (Frangogiannis, 2012). IL-17A has been recently
described to contribute to myocardial ischemia/reperfusion
injury by regulating cardiomyocyte apoptosis and neutrophil
infiltration, with γδ T lymphocytes as the main source of IL-17A
(Liao et al, 2012). Since IL-17 expressed during inflammatory
conditions is known to modulate the expression of matrix
metalloproteinases (MMPs) that degrade collagen and mediate
tissue remodeling (Cortez et al., 2007) it may also play a critical
role in post-infarction myocardial remodelling, as shown in the
case of postmyocarditis progression to dilated cardiomyopathy
(Baldeviano et al., 2010).
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