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Cardiac Fibrosis

MicroRNA Let-7i Negatively Regulates Cardiac
Inflammation and Fibrosis

Xia Wang, Hong-Xia Wang, Yu-Lin Li, Cong-Cong Zhang, Chun-Yu Zhou, Lei Wang,
Yun-Long Xia, Jie Du, Hui-Hua Li

See Editorial Commentary, pp 739-741

Abstract—Angiotensin II stimulates fibroblast proliferation and substantially alters gene expression patterns leading to
cardiac remodeling, but the mechanisms for such differences are unknown. MicroRNAs are a novel mechanism for gene
expression regulation. Herein, we tested the miRNA and mRNA expression patterns in mouse heart using microarray
assay and investigated their role in angiotensin II-induced cardiac remodeling. We found that let-7i was dynamically
downregulated in angiotensin II-infused heart at day 3 and 7 and had the most targets that were mainly associated with
cardiac inflammation and fibrosis. Overexpression or knockdown of let-7i in cultured cardiac fibroblasts demonstrated
that let-7i played an inhibitory effect on the expression of its targets interleukin-6 and collagens. Furthermore, delivery
of let-7i to mouse significantly inhibited angiotensin II-induced cardiac inflammation and fibrosis in a dose-dependent
manner. Conversely, knockdown of let-7i aggravated this effect. Together, our results clearly demonstrate that let-7i acts
as a novel negative regulator of angiotensin II-induced cardiac inflammation and fibrosis by suppressing the expression
of interleukin-6 and multiple collagens in the heart and may represent a new potential therapeutic target for treating
hypertensive cardiac fibrosis. (Hypertension. 2015;66:776-785. DOI: 10.1161/HYPERTENSIONAHA.115.05548.)
® Online Data Supplement
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ardiac fibrosis is an important component of heart diseases,

which is characterized by excessive accumulation of extra-
cellular matrix in the cardiac interstitium and perivascular space.
Among the extracellular matrix proteins, collagens constitute
<85%. Cardiac fibroblasts are the major source of collagens in
myocardium. In response to hypertrophic stimuli, fibroblasts
undergo proliferation and secrete excessive extracellular matrix
proteins, triggering cardiac fibrosis."? Angiotensin II (Ang II), a
main effector hormone of the renin—angiotensin system, via its
type 1 receptor stimulates fibroblasts proliferation and production
of various cytokines and synthesis of collagens.'* Previous inves-
tigations have shown that Ang II exerts these effects at least par-
tially through activation of nuclear factor-«B, transforming growth
factor-f1 and oxidative stress signaling pathways.** However, the
underlying mechanisms are not yet fully understood.

MicroRNAs (miRNAs) are a class of small noncoding RNAs
that regulate gene expression by mRNA degradation or trans-
lational repression.® Recently, miRNAs have emerged as key

regulators of cardiac development and diseases. Several miRNAs,
such as miRNA-1/133, miRNA-30, miRNA-29, and miRNA-
21, had been implicated in cardiac remodeling.”'° Furthermore,
unique miRNA expression profiles had been detected in human
cardiomyopathy and pressure overloaded cardiac hypertrophy,
and many miRNAs were dysregulated in the heart, indicating the
involvement of miRNAs in cardiac diseases.”!"”

It is well established that Ang II-mediated cardiac remod-
eling is a multigene disorder that involves a global change in
the gene expression profile. miRNA analysis provides a novel
mechanism for this alteration. In this study, we used a paral-
lel microarray-based approach to investigate whether a change
in the miRNA expression profile plays an important role in
regulating the gene expression pattern in mouse heart after
Ang II infusion. Our results indicated that let-7i (let-7i-5p)
was significantly downregulated in the heart at day 3 and 7
post Ang II infusion. Furthermore, increased let-7i was suf-
ficient to attenuate Ang II-induced cardiac inflammation and
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fibrosis through directly reducing the expression of interleu-
kin-6 (IL-6) and collagens, and knockdown of let-7i enhanced
these effects. Our results clearly demonstrate that let-7i acts as
a key regulator of Ang II-induced cardiac inflammation and
fibrosis.

Methods

Detailed description of Methods is available in the online-only Data
Supplement.

Results

MiRNA Profiles During Ang II-Induced Cardiac
Remodeling

To investigate the potential involvement of miRNAs in Ang
II-induced cardiac remodeling, C57BL/6 wild-type mouse
were infused with Ang II for <7 days. Our results showed
that systolic blood pressure was significantly elevated
with increased times (Figure S1A in the online-only Data
Supplement). Moreover, Ang Il infusion for 3 days only mark-
edly increased the accumulation of proinflammatory cells and
Mac-2—positive macrophages, collagen deposition, but had no
effect on the ratio of heart weight/body weight, cardiomyo-
cyte cross-sectional area, and ejection fraction compared with
saline group (Figure S1B-S1F). However, Ang II infusion for
7 days significantly increased the degree of cardiac remod-
eling, including the heart weight/body weight ratio, inflam-
mation, fibrosis, hypertrophy, and cardiac contractile function
(Figure S1B-S1F).

To identify miRNAs that are differentially expressed dur-
ing Ang II-induced cardiac remodeling, we performed miRNA
microarray on RNA from the hearts at day 3 and 7 after Ang II
or saline infusion. The miRNA microarray data are available
at the Gene Expression Omnibus (GEO) website under acces-
sion number GSE69559: http://www.ncbi.nlm.nih.gov/geo/.
A hierarchical clustering of dysregulated miRNAs was shown
for each time point (Figure 1A). Microarray data revealed that
as early as 3 days post Ang II infusion, with no significant
change in cardiac structural remodeling, 5 miRNAs were sig-
nificantly downregulated, whereas 9 miRNAs were upregu-
lated. After 7 days, cardiac remodeling was obvious. Nineteen
miRNAs were markedly downregulated, whereas 3 miRNAs
were upregulated.

To confirm the microarray data for the observed miRNAs,
we performed real-time quantitative polymerase chain reac-
tion (QPCR) analysis on the RNAs isolated from the same
hearts at day 3 and 7 of Ang II or saline infusion. As shown
in Figure 1B and 1C, the expression patterns of 9 selected
miRNAs, including miR-1900, miR-208b-3p, miR-146a-5p,
miR-378-3p, miR-191-5p, miR-1839-3p, miR-16-5p, miR-
133a-5p and miR-30b-5p, were in agreement with the results
from microarray (Figure 1A).

Integrated Analysis Revealed the Important Role of
Let-7i in Ang II-Induced Cardiac Fibrosis

To determine the direct targets of miRNAs in the heart, we
next performed mRNA microarray to detect the gene expres-
sion profiles in Ang [I-infused hearts at day 3 and 7. A hierar-
chical clustering analysis showed a clear separation between
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the Ang II and saline infusion groups (Figure S2A). Moreover,
we found that total 1912 and 1835 genes were differentially
expressed at day 3 and 7 after Ang II infusion, respectively.
The gene expression data are available at the GEO website
under accession number GSE59437: http://www.ncbi.nlm.
nih.gov/geo/. Linear correlation analysis further showed a
significant correlation between qPCR and microarray results
(Figure S2B). We next performed gene ontology analysis to
identify the gene ontology significantly regulated by Ang II
according to both P value and false discovery rate <0.05. After
Ang II infusion, the high enrichment gene ontology mainly
included the regulation of cell proliferation, inflammatory
response, collagen fibril organization, regulation of apop-
tosis, and regulation of cardiac muscle hypertrophy (Figure
S2C). Thus, these data suggest that Ang II infusion within 7
days predominantly regulate genes related to cell prolifera-
tion, inflammatory response, collagen fibril organization, and
apoptosis.

To predict putative miRNA targets and association net-
works between miRNAs and mRNAs, we performed paired
expression profiles of miRNAs and mRNAs to identify func-
tional miRNA—targets relationships with a high precision
(Figure 2) and found that let-7i in the downregulated miRNAs
had the most target mRNAs of 15 (degree 15) at day 3 and 19
(degree 19) at day 7, respectively (Figure 2). Notably, let-7i
regulated some important targets, including IL-6, collagens,
transforming growth factor-f receptor 1, insulin-like growth
factor 1, and caspase-3, which are known to regulate inflam-
mation, fibrosis, hypertrophy, and apoptosis, suggesting that
let-7i may be of great importance to the cardiac remodeling.

Expression of Let-7i and Its Targets in the Heart
and Cultured Cardiac Cells

To confirm the expression patterns of let-7i and its target genes
in the heart, we performed qPCR analysis with the same RNA
from the hearts. Consistent with the results from the miRNA
and mRNA microarray, we found that let-7i expression was
significantly downregulated, whereas the expression levels of
let-7i targets, including IL-6, collagen type I alpha 2 (Colla2),
collagen type III alpha 1 (Col3al), collagen type IV alpha 1
(Col4al), and collagen type V alpha 2 (Col5a2), were signifi-
cantly upregulated in Ang Il-infused hearts at day 3 and 7
compared with saline group (Figure 3A and 3B). However, no
significant difference in the expression of other targets (includ-
ing transforming growth factor-f3 receptor 1, caspase-3, and
insulin-like growth factor 1) was observed between 2 groups
at day 3 and 7 (date not shown). Thus, these results suggest
that let-7i selectively regulates inflammation- and fibrosis-
related genes in the heart after Ang II infusion.

We further analyzed the other members of let-7 family
except let-7i in our microarray data and found that let-7g was
also markedly downregulated in Ang II-treated heart at 7 days
compared with saline (Figure S3A), and these results were
confirmed by qPCR analysis (Figure S3B). To identify which
cardiac-resident cells, including cardiac fibroblasts and car-
diomyocytes, mainly express let-7i and its targets, qPCR anal-
ysis were performed. We found that let-7i mainly expressed
in cultured neonatal rat fibroblasts under basal condition
(Figure 3C). After Ang II stimulation, let-7i expression was
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Figure 1. MicroRNA (miRNA) microarray and validation. C57BL/6 wild-type mice were subjected to continuous angiotensin Il (Ang

II; 1500 ng/kg per min) or saline infusion for 3 and 7 days. A, The cluster of miRNA profiles in saline and Ang Il infusion groups. Both
downregulated and upregulated miRNAs were identified in the heart. The expression of miRNAs was hierarchically clustered on the y axis,
and samples were hierarchically clustered on the x axis. The legend on the right indicates the miRNAs. The relative expression of miRNAs
was depicted according to the color scale shown on the top of left. Red indicates upregulation and green indicates downregulation. B
and C, Validation of miRNA microarray data by quantitative polymerase chain reaction analysis (n=8 per group). The relative expression of
miRNAs was normalized to the expression of the internal control (U6). Data are expressed as mean+SEM. *P<0.05;"*P<0.001 vs saline.

significantly decreased but its target genes, including IL-6,
Colla2, Col3al, Col4al, and Col5a2, were markedly upreg-
ulated in fibroblasts (Figure 3D and 3E). The expression of
other let-7 family members was also detected by qPCR analy-
sis, and only let-7g was markedly downregulated but was
higher than let-7i in Ang Il-treated fibroblasts (Figure S3C).
Moreover, in Ang II-treated cardiomyocytes, the hypertrophic
markers, such as atrial natriuretic factor, brain natriuretic pep-
tide, and 3-myosin heavy chain, were significantly increased
compared with control (Figure S3D), but no statistically sig-
nificant difference in the expression of let-7 family members
between 2 groups was observed (Figure S3E). Collectively,
these findings suggest that Ang II predominantly regulates the
expression of let-7i and its targets in cardiac fibroblasts.

Let-7i Negatively Regulated the Expression of IL-6
and Collagens in Cardiac Fibroblasts

To investigate the action of let-7i on its putative targets, car-
diac fibroblasts were transfected with let-7i mimic or inhibitor
and then treated with or without Ang II. Transfection effi-
ciency was monitored using fluorescent-labeled nonspecific
mimic or inhibitor (data not shown). After Ang II treatment
for 24 hours, fibroblasts transfected with let-7i mimic sig-
nificantly decreased the expression of IL-6, Colla2, Col3al,
Col4al, and Col5a2 mRNA when compared with negative
control (Figure 4A). In contrast, let-7i inhibitor had an oppo-
site effect (Figure 4B). To further test whether let-7i regulates
the migration and proliferation of fibroblasts, we performed
scrape-wound healing and 5-Bromo-2-deoxyUridine (BrdU)

incorporation assay. Transfection of fibroblasts with let-7i
mimic or inhibitor had no significant effect on Ang II-induced
migration and proliferation in cardiac fibroblasts (Figure
S4). Moreover, transfection of let-7i mimic or inhibitor did
not altered cardiomyocyte size after Ang II stimulation
(Figure S5).

To demonstrate whether let-7i directly interacts with a
specific target sequence localized in the IL-6 and collagens
3’ untranslated region (3'UTR), we searched the homol-
ogy between let-7i and its targets, including IL-6, Colla2,
Col3al, Col4al, and Col5a2, using TargetScan database. We
found that IL-6 and collagens (Colla2, Col3al, Col4al, and
Col5a2) had conservative let-7i seed sequences in their 3’UTR
(Figure 4C). Next, we constructed 2 reporter vectors contain-
ing the wild-type or the mutant IL-6 3’UTR or collagen 3'UTR
and performed the dual luciferase assay. The relative lucifer-
ase activities were significantly decreased in cotransfection of
wild-type IL-6 or Colla2 3'UTR with let-7i mimic compared
with negative control. However, this inhibitory effect of let-
71 was markedly blunted by transfection of mutant IL-6 or
Colla2 3"UTR, which disrupted the interaction between let-71
and IL-6 or Colla2 3'UTR (Figure 4D). Collectively, these
results confirmed that let-7i can directly regulate its target
genes IL-6 and collagens in cardiac fibroblasts.

Overexpression of Let-7i Reduced Ang II-Induced
Cardiac Inflammation and Fibrosis

To better understand the function of let-7i in cardiac inflam-
mation and fibrosis in vivo, let-7i agomir (a chemically
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Figure 2. miRNA-gene-network. In the network, blue box nodes represented microRNAs (miRNAs), and red nodes represented target
mRNAs. Edges described the inhibitive effect of miRNAs on mRNAs. A, The miRNA-gene-network of angiotensin Il (Ang Il) at day 3 vs

saline. B, The miRNA-gene-network of Ang Il at day 7 vs saline.

modified RNA oligonucleotide) or negative control was
administered intravenously to mice on day 1 before Ang II
infusion and days 1, 3, 5 after Ang II infusion. Injection of
high-dose let-7i agomir (20 nmol) significantly reduced Ang
[I-induced infiltration of inflammatory cells including Mac-
2—positive macrophages in the heart (Figure 5SA) and mark-
edly attenuated cardiac fibrosis when compared with negative
control group (Figure 5B). qPCR analysis further revealed

that high-dose let-7i agomir injection markedly downregu-
lated the expression of its targets IL-6 and collagens (Colla2,
Col3al, Cold4al, and Col5a2) compared with negative con-
trol (Figure 5C). Moreover, low-dose let-7i agomir (5 nmol)
treatment also significantly inhibited Ang II-induced cardiac
inflammation and fibrosis (Figure S6). However, let-71 agomir
injection had no influence on blood pressure, cardiac hyper-
trophy, and cardiac function (Figure S7A; Tables S1 and S2),
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as well as cardiomyocyte apotosis 7 days after Ang II infusion
(data not shown). All our results demonstrate that overexpres-
sion of let-7i significantly inhibits cardiac inflammation and
fibrosis induced by Ang II infusion.

Knockdown of Let-7i by Antagomir Aggravated
Ang II-Induced Cardiac Inflammation and Fibrosis
To further investigate loss function of let-7i in Ang II-mediated
cardiac remodeling in vivo, mice were injected intravenously
with a chemically modified antisense RNA oligonucleotide
(termed an antagomir) targeted to let-7i. Seven days after
Ang II infusion, echocardiographic analysis showed no sig-
nificant difference in cardiac hypertrophic parameters and the
left ventricle diastolic dysfunction as indicated by E/A ratio
was observed between let-7i antagomir and negative control—
treated mice (Table S3). Moreover, the blood pressure also
had no significance between 2 groups (Figure S7B). However,
depletion of let-7i via antagomir significantly increased car-
diac inflammation, including Mac-2—positive macrophages
and aggravated fibrosis, as well as the expression of its tar-
gets IL-6 and collagens when compared with negative con-
trols after Ang II infusion (Figure 6A—6C). Collectively, these
data indicate that knockdown of let-7i markedly increases Ang
II-induced effects.

Discussion
Here, we profiled miRNA and mRNA expression patterns in
Ang II-induced cardiac remodeling and found that let-7i was
downregulated at day 3 and 7 after Ang II-infusion. Notably,
let-7i had the most targets that were mainly associated with

cardiac inflammation and fibrosis. Furthermore, we demon-
strated a key role for let-7i in directly regulating IL-6 and
collagens expression in cardiac fibroblasts. Importantly,
increased let-7i expression in mice heart significantly attenu-
ated Ang Il-induced inflammation and cardiac fibrosis via
inhibiting IL-6 and collagens. In contrast, knockdown of let-
7i aggravated these effects (Figure 6D). Together, these results
suggest that let-7i plays a critical role in Ang II-induced car-
diac inflammation and fibrosis.

Cardiac fibrosis is an end-stage pathological manifesta-
tion of various cardiovascular diseases. Fibroblasts are the
main sources of extracellular matrix after their transition
into myofibroblasts.'® Ang II stimulation activates fibroblast
transforming growth factor-f and IL-6 signaling pathways,
which are the major profibrogenic mediators of cardiac fibro-
sis.> However, the molecular mechanisms that regulate this
process remain to be explored. Recently, the role of miRNAs
in cardiac function and diseases has received great attention.
Dysregulation of miRNAs by several mechanisms has been
implicated in cardiac remodeling, for example, miR-1, miR-
23a, miR-133a, miR-126, miR-143/145, and miR-208 have
been demonstrated to involve in the cardiac development
and hypertrophy,'=13171920 whereas miR-133, miR-30, miR-
21, and miR-29 are involved in cardiac fibrosis.” Recently,
miRNA microarray have identified 18 miRNAs and miRNA
families that are the most strongly expressed in the nor-
mal heart and cardiovascular diseases, and the let-7 family
accounts for =14% of all miRNAs expressed in the murine
heart,”' suggesting that let-7 family may play a central role in
the heart diseases.
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Figure 4. Interleukin-6 (IL-6) and collagens are direct targets of let-7i. After transfection for 24 hours, cardiac fibroblasts (CFs) were
stimulated with angiotensin Il (Ang II; 100 nmol/L) for additional 24 hours. A, After transfected with let-7i mimic and negative control (NC;
100 nmol/L), the expression of IL-6 and collagens was detected by quantitative polymerase chain reaction (qPCR) analysis (n=5 per
group). B, After transfected with let-7i inhibitor and NC (150 nmol/L), the expression of IL-6 and collagens was detected by qPCR analysis
(n=5 per group). C, The predicted duplex of let-7i and its targets sites in the 3" untranslated region (3’"UTR) of IL-6 and collagens. D, Dual
luciferase assay was performed in 293T cells transfected with luciferase reporter construct alone or cotransfected with let-7i mimic or
NC. Firefly luciferase construct containing mutant target site of the IL-6 and col1a2 3'UTR is generated and transfected as indicated.
Firefly luciferase activity was normalized to renilla luciferase activity for each sample (n=3 per group). Data are expressed as mean+SEM.
*P<0.05, **P<0.01, **P<0.001 vs NC. #P<0.05, #P<0.01, #P<0.001 vs Ang Il+NC. WT indicates wild-type.

The human let-7 family contains 13 members located in 9
chromosomes, including let-7a-1/a-2/a-3/b/c/d/e/f-1/f-2/g/i,
mir-98, and miR-202. Previous studies focus on the role of
let-7 in regulation of tumors.?> Recently, the expression pat-
terns and the roles of let-7 have been reported in cardiovascu-
lar system. Let-7 family is highly expressed in several major
types of cardiovascular cells, including endothelial cells, vas-
cular smooth muscle cells, and cardiomyocytes, and it is dys-
regulated in several cardiovascular diseases.”® Importantly,
both in vivo and in vitro studies have demonstrated the
important roles of let-7 family in heart development and
diverse cardiovascular diseases. For example, let-7b and 7c

were upregulated but let-7d was downregulated after 14 days
after transverse aortic constriction by microarray assay.'
MiR-98 was upregulated in thioredoxin 1 transgene mice
and inhibits cardiac hypertrophy partly through downregula-
tion of cyclin D2 after Ang II infusion.* Let-7i decreased in
dilated cardiomyopathy and was related to poor clinical out-
comes in patients with dilated cardiomyopathy.”> Moreover,
in patients with coronary artery disease, let-7i had a negative
correlation with toll-like receptor 4 levels contributing to the
beneficial effects of atorvastatin on coronary artery disease.?
A recent report demonstrated that let-7i, let-7b, and let-7e
were significantly affected by postconditioning.”” Let-7¢ and
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Figure 5. Enhanced expression of let-7i reduces angiotensin Il (Ang Il)-induced cardiac inflammation and fibrosis. Let-7i agomir and
negative control (NC) were injected intravenously on day 1 (20 nmol) before Ang Il infusion and days 1, 3, 5 (20 nmol) after Ang Il infusion.
A, Representative images of hematoxylin and eosin (H&E) and immunohistochemical staining of Mac-2 in the heart sections (left, scale
bars: 50 um). Quantification of Mac-2—positive areas (right, n=6 per group). B, Representative images of Masson trichrome staining
(blue) of heart sections (top, scale bars: 1 mm; bottom, scale bars: 100 pm). Quantification of fibrotic areas (right, n=6 per group).

C, The expression of interleukin-6 (IL-6) and collagens was detected by quantitative polymerase chain reaction (n=6 per group). Data are
expressed as mean+SEM. *P<0.05, **P<0.01, **P<0.001 vs NC. #P<0.05, #P<0.01, *##P<0.001 vs Ang II+NC.

7f were upregulated in myocardial ischemic injury or isch-
emic cardiomyopathy.?*? Let-7c and 7g were reported to
be markedly increased during endothelial-to-mesenchymal
transition.’® The circulating let-7b was also reported to be
a biomarker of acute myocardial infarction.’’ However, the
role of let-7i in regulating cardiac fibrosis remains unclear.
In this study, our data revealed that the expression of let-
7i is dynamically downregulated at days 3 and 7 after Ang
IT infusion (Figure 3A). Let-7i was mainly expressed in
fibroblasts (Figure 3C). Importantly, overexpression of let-
7i significantly reduced Ang II-induced inflammation and
cardiac fibrosis (Figure 5A and 5B; Figure S6A and S6B).
Conversely, knockdown of let-7i markedly aggravated these
effects (Figure 6A and 6B). Together, these results indicate
the important role of let-7i in modulating cardiac inflamma-
tion and fibrosis.

Identification of the direct targets of miRNAs is a major
challenge in the investigation of their function because many
putative targets display little or no detectable regulation.
Although there are many computational algorithms for pre-
dicting miRNA targets, they vary widely with regard to specific
targets identified. Thus, more complex algorithms using joint
expressions of miRNAs and mRNAs may be useful to predict
miRNA targets.*>** Currently, >10 direct targets for let-7 fam-
ily have been discovered in the heart and other tissues, includ-
ing Ras, c-Myc, high mobility group A2, argonaute 1, toll-like
receptor 4, Bcl-xl, tissue inhibitor of metalloproteinases-1,
c-Met, and insulin-like growth factor-1 receptor.”33¢ To
dissect the molecular basis underlying this let-7i—associated
alteration of cardiac remodeling, we searched for potential let-
7i targets by performing miRNA-mRNA interaction networks
and identified IL-6 and collagen family as the direct targets



2202 ‘9z Arenige4 uo Aq Bio'sfeuno feye;/:dny wouy papeojumoq

A Saline Ang i

Wang et al Let-7i Inhibits Cardiac Fibrosis 783

_antagomir NC i antagomir

B Saline

O Antagomir NC

;:‘ 5, Let-7i anlagomilju#
3 44

2

©

%

= Foek
5

21

1]

=

Saline Ang Il

antagomir NC  let-7i antagomir

O Antagomir NC
15+ Let-7i antagomir

£
= HiH
3 104
@
o
‘5 4 dedek
=§ 5
w
Saline Ang Il
c 254
[ Antagomir NC Angll
P2 Let-7i antagomir
€ 20 Il Ang ll+antagomir NC J_
] Ang li+let-7i anta i .
2 Sl ThmeeTlantagonly Let-7i—]IL-6, Collagen
8 P T—
o
3 15 \
<
4 Inflammation
E . .
2 10 Inhibitor Mimic  Fibrosis
£ Antagomir Agomir
&
5_
o [TV

IL-6 Col1a2 Col3a1

Colda1

Figure 6. Knockdown of let-7i aggravates angiotensin Il (Ang ll)-induced cardiac inflammation and fibrosis. Let-7i antagomir and negative
control (NC) were administered on day 1 (100nmol) before Ang Il infusion and day 3 (100 nmol) after Ang Il infusion. A, Representative
images of hematoxylin and eosin (H&E) and immunohistochemical staining of Mac-2 in the heart sections (left, scale bars: 50 um).
Quantification of Mac-2—positive areas (right, n=5 per group). B, Representative images of Masson trichrome staining (blue) of heart
sections (top, scale bars: 1 mm; bottom, scale bars: 100 pm). Quantification of fibrotic areas (right, n=5 per group). C, The expression of
interleukin-6 (IL-6) and collagens were detected by quantitative polymerase chain reaction analysis (n=5 per group). D, Schematic model
of let-7i’s role in regulating cardiac inflammation and fibrosis. Ang Il stimulation or hypertension resulted in downregulation of let-7i and
consequent upregulation of its targets IL-6 and collagens in cardiac fibroblasts leading to cardiac inflammation and fibrosis. Data are
expressed as mean+SEM. *P<0.05, **P<0.01, ***P<0.001 vs NC. #P<0.05, #P<0.01, ##P<0.001 vs Ang II+NC.

of let-7i in our cell- and animal-based models, along with the
previously reported study about cancer,*”*® and both IL-6 and
collagens are known to play critical roles in cardiac inflamma-
tion and fibrosis.> Moreover, these targets of let-7i were con-
firmed by qPCR analysis and reporter assay in vitro cultured
cardiac fibroblasts (Figure 4) and in vivo animals (Figures 5
and 6; Figure S6). Therefore, inhibition of expression of IL-6
and collagens by let-7i could be one potential mechanism for
reduced cardiac inflammation and fibrosis.

Perspectives

For the first time to our knowledge, we used a parallel
microarray assay to examine the global miRNA and mRNA
expression profiles of murine hearts after Ang II infusion and

demonstrated that let-7i expression was reduced in the heart
and cultured fibroblasts after Ang I stimulation. This high-
lights the potential importance of let-7i in the progression of
cardiac inflammation and fibrosis and possible targets (either
the miRNAs themselves or their mRNA targets) for future
therapeutic intervention. Additional studies will be needed
to determine the effect of let-7i on cardiac inflammation and
fibrosis in transgenic or knockout model and to evaluate the
potential of let-7i overexpression as a therapeutic strategy for
cardiac and other fibrotic diseases.
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Novelty and Significance

What Is New?

We for the first time tested the microRNA and mRNA expression patterns
in the angiotensin Il (Ang Il)—induced cardiac remodeling using microar-
ray assay.

MicroRNA let-7i was downregulated during Ang ll-induced cardiac re-
modeling.

MicroRNA let-7i negatively regulated Ang Il-induced cardiac inflamma-
tion and fibrosis via directly inhibiting its target genes interleukin-6 and
collagen expression.

What Is Relevant?

Fibroblast microRNA let-7i attenuated Ang ll-induced interleukin-6 and
collagen expression.

e Increased expression of let-7i attenuates Ang Il-induced inflammation
and cardiac fibrosis, whereas knockdown of let-7i enhanced this effect.

e These data provide novel evidence for further understanding the effect
of let-7 family on cardiac inflammation and fibrosis, and implications for
the development of strategies for the treatment of cardiac remodeling.

Summary

Increasing let-7i level in cardiac fibroblasts may be a potential
therapeutic strategy for the treatment of cardiac fibrosis and heart
failure in patients with hypertensive heart diseases.




