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Abstract

The currently used biomarkers for acute myocardial infarction (AMI) are blood creatinine
phosphokinase-muscle band (CPK-MB), troponin-T (TnT), and troponin | (Tnl). However, no
good biomarkers are identified in urine after AMI, because these blood protein biomarkers are
difficult to be filtered into urine. In this study, the role of urine microRNAs in the diagnosis of
AMI and the mechanism involved were determined. We found that urine miR-1 was quickly
increased in rats after AMI with peak at 24 h after AMI, in which an over 50-fold increase was
demonstrated. At 7 days after AMI, the urine miR-1 level was returned to the basal level. No
miR-208 was found in normal urine. In urine from rats with AMI, miR-208 was easily detected.
To determine the mechanism involved, we determined the levels of heart-released miR-1 in the
liver, spleen and kidney after AMI in rats and found that the kidney was an important metabolic
organ. To determine the renal elimination of blood miRNAs, we isolated serum exosomes from
rats after AMI and injected these exosomes into the circulating blood of normal rats. We found
that the urine miR-1 was significantly increased in exosome-injected animals. Moreover, PKH67-
labeled exosomes injected into circulating blood could enter into the kidney tissues and cells, as
well as urine. Furthermore, the levels of urine miR-1 were significantly increased in patients with
AMI. The results suggest that urine miRNAs such as miR-1 could be novel urine biomarkers for
AMI.
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1. Introduction

The currently used diagnostic biomarkers for acute myocardial infarction (AMI) are blood
creatinine phosphokinase-muscle band (CPK-MB), troponin-T (TnT), and troponin | (Tnl)
[1]. However, no good biomarkers are identified in urine after AMI, because these blood
protein biomarkers are difficult to be filtered into urine. Indeed, these blood protein
biomarkers can only be detected in urine from patients with some special circumstances
such as impaired kidney function [2].

MicroRNAs (miRNAs) have emerged as a novel class of endogenous, small (<24
nucleotide), noncoding RNAs with strong biological functions in cardiovascular system [3-
5]. Recent studies from us and other groups have revealed that the heart-specific or heart-
enriched miRNAs such as miR-1 and miR-208 can be quickly released into circulating blood
after AMI [6-13]. In contrast to our original thought, the heart-released circulating cell-free
miRNAs are relatively stable in blood due to the protection from degradation by their
inclusion in exosomes and by the formation of protein—-miRNA complexes. Thus, these
heart-released blood miRNAs may be novel biomarkers for AMI [6-13].

Recent studies have demonstrated that miRNAs are identified in urine [14-16]. These urine
miRNAs could be released locally by the urinary system. Another potential source of these
miRNAs might be from the circulating blood miRNAs via renal elimination [17,18].
Although blood miRNAs have no obvious superiority compared with these well-established
blood protein biomarkers such as TnT, and Tnl based on the current gRT-PCR
determination, they may have the potential to enter the urine. If this is true, these heart-
derived urine miRNAs may represent a novel group of biomarkers of AMI in urine. In this
translational study, we attempt to determine the role of urine miRNAs in the diagnosis of
AMI and the detailed mechanisms involved by using molecular, cell, animal, and human
approaches.

2. Methods

2.1. Rat model of AMI

AMI in rats was induced by LAD ligation as described in our recent studies [6,19,20]. In
brief, 10-week-old female Sprague—Dawley rats (weighing 250-300 g) were anesthetized
with ketamine (80 mg/kg i.p.) and xylazine (5 mg/kg i.p.). (Note: our preliminary data
demonstrated that male rats could release prostatic fluid and sperm into urine during the
anesthesia. Thus, male rats were excluded in this study). Under sterile conditions, an anterior
transmural AMI was created by occlusion of the LAD with a silk suture. Sham-operated rats
served as controls. Sham operation involved an identical procedure, except the suture was
passed around the vessel without LAD occlusion. The animals were divided into two study
groups. Group 1 is for the time course study of urine and serum miR-1. In this group, the
urine and blood samples were collected from rats before (O h) andat1 h,3h, 6 h, 12 h, 24 h,
3 day, 7 day, and 14 day after AMI. Eight rats finished the time course study. In addition, 8
sham-opened rats were used as sham control for the study. Group 2 had 12 rats that were
used to study the relationship between urine miR-1 and serum miR-1. All protocols were
approved by the Institutional Animal Care and Use Committee, and were consistent with the
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Guide for the Care and Use of Laboratory Animals (National Institutes of Health publication
85-23, revised 1985).

2.2. Measurement of infarct size

Myocardial infarct size was determined by pathological staining as described [6,19,20]. At
the end of experiments, rats were anesthetized and 6 mL of 10% Evans blue dye was
injected into the vena cava to define the area that was not supplied by LAD. The myocardial
ischemic area at risk (IAR) was identified as the region lacking blue staining. The ventricles
of the hearts were sliced transversely into 2-mm thick slices. The slices were incubated in
1% triphenyltetrazolium chloride (TTC) at 37 °C for 10 min to identify the noninfarcted and
infarcted areas. TTC staining was displayed as red color. The infarcted area was defined as
TTC unstained area. Infarct size was expressed as a percentage of the IAR (% IAR).

2.3. Blood and urine sample collection, miRNA isolation and measurement

Before and at different times after AMI or sham surgery, the blood samples were collected
via tail vein. Urine samples were collected in anesthetized rats using the following
noninvasive method. Briefly, a tube was placed at the urethral orifice. After the collection of
about 30 pL of initial urine, a new tube was used to replace the old one and the experimental
urine sample was then collected. The samples were placed at 4 °C for 1 h and then
centrifuged at 12,000 xg for 20 min at 4 °C. Aliguot urine and serum samples were stored at
=70 °C until miRNA isolation. Blood and serum miRNAs were isolated from 250 pL urine
or serum samples using Trizol LS based isolation kit (RNA bioscience, NJ). miR-1, mir-208,
and miR-122 (a control liver-specific miRNA which is not expressed in heart) were
measured using the gRT-PCR based solution miRNA quantitative kit developed by our
group as described [6] (RNA bioscience, NJ). Briefly, miR-1 and miR-208 was measured by
gRT-PCR with a Roche Lightcycler 480 Detection System using the primers provided by the
Applied Biosystems. The same isolation and assay were performed using a series of
concentrations of standard miR-1 and miR-208 (synthesized by IDT, Coralville, IA, U.S.A.)
to make a standard curve. The absolute amount of miR-1 or miR-1 was calculated by
software based on sample gRT-PCR numbers and the standard curve, and are expressed as
pmol/L.

2.4. Tissue sample collection, miRNA isolation and measurement

In an effort to determine which organ is related to the metabolism of the heart-released
miRNAs in blood after AMI, we carefully perfused the AMI rats at 24 h or sham-opened
surgery rats with RNA-free saline. This was done at a physiological pressure for a period of
at least 15 min to remove all the circulating blood in the rat body. Then, the liver, spleen and
kidney were isolated to determine the miR-1 levels. miR-1 was isolated and measured using
gRT-PCR as described in our previous studies [6,19,20].

2.5. Exosome isolation from serum or urine

Exosomes from serum and urine were isolated by ultracentrifugation. Briefly, the samples
were filtered through a 0.22 um Millex-GS Filter Unit (Millipore), followed by
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ultracentrifugation at 100,000 xg for 2 h to pellet the exosomes. The pellet exosomes were
resuspended in PBS to perform the experiments.

2.6. Electron microscopy

Exosomes isolated from serum and urine were washed in PBS to further purify the sample,
filtered, and ultracentrifuged again at 100,000 xg for 2 h to re-pellet the exosomes. The
exosome pellet was resuspended and fixed in phosphate buffer containing 2%
glutaraldehyde and then loaded onto formar/carbon-coated electron microscopy grids. The
samples were contrasted with uranyl acetate to visualize membrane and viewed with a JEOL
1200EX electron microscope.

2.7. Exosome labeling

Serum exosomes were labeled with PKH67 Green Fluorescent Cell Linker Kit (Sigma-
Aldrich) according to the manufacturer's protocol. Briefly, the exosomes were diluted in
PBS. One microliter of PKH67 dye was added to 250L of experimental solution before
being added to the exosomes. The exosomes without PKH67 dye were used as the control.
The samples were mixed gently for 4 min before 500 pL of 1% BSA was added to remove
the excess dye.

2.8. Renal elimination of exosomes and exosome-carried miRNAs

To determine the potential transrenal release of exosomes and exosome-carried miRNAS,
serum exosomes from AMI rats at 6 h were isolated. These exosomes were labeled with
PKH67 or vehicle. PKH67-labeled exosomes (20 pg in 500 pL of PBS), unlabelled
exosomes (20 pug in 500 uL of PBS) or vehicle (500 uL of PBS) was injected into the aorta
above the renal artery level. The urine was collected before and at 3 h, 6 h, and 24 h after
injection for urine miRNA and urine exosome isolation. In some animals, the unlabeled
exosomes (20 pg in 500 uL of PBS) or vehicle (500 uL of PBS) were injected into
circulation via external jugular vein and the urine samples were collected at 6 h after
injection. The potential renal elimination of exosomes and exosome-carried miRNAs was
determined by the following three experiments. First, to determine whether the exosomes
injected to circulating blood could increase the level of miR-1 in urine. Second, to determine
whether PKH67-labeled exosomes could enter the kidney tissues and kidney cells. In this
experiment, the labeled exosomes were detected in 5 pm frozen sections of kidney with a
Nikon Ti fluorescence microscope. Third, to determine whether the labeled exosomes could
be released into urine. The labeled individual exosome cannot be directly observed by the
fluorescence microscope due to its small size. However, the labeled exosomes in the cells
could be easily identified via a fluorescence microscope. In this experiment, the isolated
urine exosomes from animals treated with PKH67-labeled exosomes or unlabeled exosomes
were added to the culture medium of HEK293 cells and incubated for 4 h at 37 °C. The cells
were washed twice with PBS. Then, the PKH67-labeled exosomes in HEK-293 cells were
analyzed with a Nikon Ti fluorescence microscope.
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2.9. Clinical study

AMI was defined as 1) characteristic chest pain of myocardial ischemia for 30 min or more,
2) ST segment elevation within 6 h of chest pain at least 0.1 mV in at least two leads of the
echocardiography (ECG), and 3) confirmation of the diagnosis of AMI by elevated CK-MB
in serum which was at least twice the normal range. The blood samples from patients
without the confirmation of AMI were not used in this study. In total, 20 patients with AMI
were used in this study (11 men and 9 women; mean age 56.1+/-13.9). Nine of them had
coronary angiography data showing at least one vessel disease. Among the patients studied,
three had hypertension on antihypertetive medicines, angiotensin Il inhibitor and /or beta-
blocker; five patients had hyperlipidemia with simvastatin therapy. No patients with diabetes
were included in this study. Blood and urine samples were obtained within 24 h of AMI.
The time interval between the onset of typical chest pain and urine samples was 12.5+5.3 h.
Urine samples obtained from age and sex matched 20 healthy volunteers were used as the
controls. The protocol was approved by the Institutional Review Board of the Luzhou
Hospital and Guangdong Hospital. All the samples were stored for 1 h at room temperature
(26 °C) and were centrifuged at 1600 xg for 20 min at 4 °C. Urine miR-1 and miR-208 were
determined by qRT-PCR.

2.10. Bioinformatical analysis

The putative targets of miR-1 and miR-208 were analyzed by using the online software
TargetScan 5.1 and published database as described [21].

2.11. Statistics

3. Results

All data is presented as meanzstandard error. For relative gene expression, the mean value
of the vehicle control group was defined as 100% or 1. Differences in miRNA levels were
analyzed using one-way ANOVA with Bonferroni's multiple comparisons post hoc test.
Linear regression analysis was used to determine the relationship between serum Tnl and
urine miR-1. Normality tests of all parameters were performed using D'Agostino-Pearson
omnibus method. Sigma stat statistical analysis program was used for data analysis. A p
value<0.05 was considered significant.

3.1. Urine miR-1 and miR-208 are increased in rats after AMI

As shown in Figs. 1A and B, AMI was induced by the left anterior descending coronary
artery (LAD) ligation. In normal rats or sham-opened rats, the heart-enriched miR-1 is
almost undetectable in urine by the high sensitive qRT-PCR. However, an over 50-fold
increase in miR-1 level was demonstrated in urine from rats at 24 h after AMI (p<0.0001,
Fig. 1C). In contrast, no difference was found in the levels of urine miR-122, which is a liver
specific miRNA, between AMI group and the control group (Fig. 1C). There is no miR-208,
the heart-specific miRNA, in normal urine. However, miR-208 was easily identified in urine
from AMI rats. As shown in Fig. 1D, gRT-PCR showed that no miR-208 signal was found
even after 60 cycles in urine from normal and sham-opened rats. In contrast, a significant
amount of miR-208 was identified in urine from rats at 24 h after AMI (Fig. 1D).
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3.2. Time course of urine miR-1 in rats after AMI

To determine the time course changes of urine miR-1, rat urine samples were collected
before (0 h), and at 3 h, 6 h, 12 h, 24 h, 48 h, 3 days, 7 days, and 14 days after AMI. As
shown in Fig. 2A, compared with that in normal urine (0 h group), urine miR-1 level was
quickly increased with its peak at 24 h after AMI, in which an over 50-fold increase in
miR-1 level was demonstrated. At 7 days after AMI, the urine miR-1 level was returned to
baseline (0 h) level.

3.3. The putative targets of miR-1 and miR-208

Bioinformatical analysis of the putative targets of miRNAs using the online software
TargetScan 5.1 revealed both miRNAs have multiple target genes that may be involved in
mechanistic pathways relevant to the pathophysiology of AMI. For example, transgelin 2
(TAGLNZ2), purine nucleoside phosphorylase (PNP), prothymaosin alpha (PTMA), Connexin
43 (Cx43), stromal cell derived factor-1 (SDF-1), transgelin 2 (TAGLNZ2), fibronectin 1, and
Kruppel-like factor 4 (KLF4) are the targets of miR-1 that are related to cell proliferation,
apoptosis, death, and migration. Thyroid hormone-associated protein 1 and myostatin are
two putative target genes of miR-208 that are related to heart disease [22].

3.4. Relationship of urine miR-1 and serum miR-1 in rats with AMI

The time course of serum miR-1 in rats after AMI was shown in Fig. 2B. After AMI, the
serum miR-1 level was quickly increased within 1 h, peaked at 6 h, and was return to basal
(0 h) level at 3 days. Clearly, there was a delay in the increase of miR-1 in urine compared
with that in serum. However, the period of the increased miR-1 in urine was longer
compared with that in serum. In addition, the absolute peak value of urine miR-1 (<0.1
pmol/L) was much lower than that of serum miR-1 (3-5 pmol/L).

3.5. Stability and distribution of urine miR-1 in rats with AMI

To determine the stability of urine miR-1, we collected the urine samples from AMI rats at
24 h. The urine miR-1 levels were determined immediately after collection and at 24 h
following collection. As shown in Fig. 3A, the urine miR-1 was partially degraded during
the 24 h period. To identify the distribution of urine miR-1, the urine was divided into two
parts, exosome part and supernatant part by ultracentrifugation. Representative urine
exosomes were displayed in Fig. 3B. We found about 51% of urine miR-1 was located in
urine exosomes. The remaining 49% of miR-1 was at urine supernatant (Fig. 3C). However,
the exosomes occupy only a very small part of the urine volume. Thus, miRNAs are
relatively concentrated in urine exosomes. The urine miR-1 levels in both exosome part and
supernatant part were increased in rats after AMI (Figs. 3D and E). The miR-1 in exosome
part and supernatant part was partially degraded during the 24 h period at 4 °C (Figs. 3F and
G).

3.6. The kidney is an important metabolic organ for heart-released miR-1 after AMI

To determine which organ is related to the metabolism of the heart-released miRNAS in
blood, the rats at 24 h after AMI were carefully perfused with RNA-free saline at
physiological pressure to remove all the circulating blood in the rats. Sham-opened rats were
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used as control animals. Then, the liver, spleen and kidney were isolated to determine the
miR-1 levels. Interestingly, as shown in Figs. 4A-C, the miR-1 levels in the kidneys from
infarcted rats were markedly higher than those in kidneys from rats without AMI. In
contrast, in the liver and spleen, no difference in miR-1 levels was found between the AMI
and control group.

3.7. Renal elimination of exosomes and exosome-carried miRNAs

To determine the renal elimination of exosomes and exosome-carried miRNAs, we isolated
serum exosomes from rats at 6 h after AMI. Fig. 4D illustrates the representative serum
exosomes. The miR-1 level in serum exosomes was significantly increased after AMI (Fig.
4E). Unlike the miR-1 in urine exosomes, the miR-1 in serum exosomes was relatively
stable (Fig. 4F). Interestingly, administration of the serum exosomes from AMI rats to the
aortas of normal rats could result in the time-dependent increase in urine miR-1 (Fig. 4G).
The result indicated that the exosome-carried miRNAs could enter the urine via transrenal
release. Injection of exosomes via external jugular vein also resulted in the increase in urine
miR-1. However, the increase in urine miR-1 was less compared with that in animals
injected via aortas (Fig. 4H). The result revealed that that exosomes may be partially cleared
by other organs.

To provide direct evidence that the exosome may have the ability of transrenal release, we
delivered the PKH67-labeled exosomes to rat blood [23]. As in Fig. 5A, there was no
fluorescence signal (green color) in the kidney from unlabeled exosomes-injected animals.
In contrast, the PKH67-labeled exosomes (green color) were identified in the kidney section
from PKH67-labelled exosomes-injected rats (Fig. 5B). The result suggested that the
circulating exosomes could enter the kidney tissues and kidney cells. The PKH67-labeled
exosomes cannot be seen directly in urine and isolated exosomes cannot be observed
directly by the fluorescence microscope. To provide direct evidence that the injected
circulating exosomes could enter the urine, we isolated the urine exosomes at 12 h after
injection of PKH67-labeled exosomes. The isolated urine exosomes were added to the
culture medium of the HEK293 cells. As shown in Fig. 6, the PKH67-labeled exosomes
(green color) were indeed demonstrated in HEK293 cells. The results clearly showed that
the circulating exosomes could enter urine via transrenal release.

3.8. The results from clinical study on urine miRNAs in patients with AMI

As shown in Fig. 7, the urine miR-1 was significantly increased in patients with AMI
compared with that in urine from age and sex-matched normal controls. To investigate the
potential relationship between urine miR-1 levels and myocardial infarct sizes in humans,
serum Tnl levels in these patients were also determined. As shown in Fig. 7B, a positive
correlation was demonstrated between serum Tnl and urine miR-1 levels (r=0.70; p<0.05).
There was no miR-208 in normal urine. In contrast to urine miR-1, only a few of patients (5
out of 20 detected patients) were found to have very low levels of miR-208 in urine.
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4. Discussion

AMI is still one of the leading causes of death in the world. An early and accurate diagnosis
is the prerequisite to facilitate rapid decision making and treatment and therefore improves
outcomes in patients with AMI [22]. Testing of blood protein markers such as CPK-MB,
TnT, and Tnl has become the standard procedure and plays an important role in the
diagnosis of AMI, especially in patients without typical symptoms [1]. However, these large
molecular protein biomarkers are difficult to enter the urine. Thus, there are no good urine
biomarkers available for the diagnosis of AMI.

MicroRNAs (miRNAs) are small (<24 nucleotide) RNAs with strong biological functions
[4,5]. Recent studies have reported that miRNASs are found in urine [14-18]. miR-122, a
liver-specific miRNA is among the identified miRNAs in urine [18], suggesting that miRNA
may be filtered into urine from the circulating blood. More recently, our studies and those of
other groups have demonstrated that the heart-specific or heart-enriched miRNAs such as
miR-1 and miR-208 can be quickly released into circulating blood after AMI [6-13]. These
heart-released blood miRNAs may represent a novel class of biomarkers for AMI. Blood
miRNAs may have no obvious superiority compared with these well-established blood
protein biomarkers at current stage due to their time consuming of gRT-PCR. However,
these heart-released miRNAs may have the potential to enter the urine. If this is true,
miRNAs might be a novel group of biomarkers for AMI in urine.

The metabolic approaches of the heart-released miRNAs in blood after AMI are still
unknown. In this study, we first determined the levels of heart-released miR-1 in the liver,
spleen and kidney in AMI rats. The results revealed that the kidney is an important
metabolic organ for heart-released miR-1 after AMI. We found that the heart-enriched
specific miR-1 in urine was significantly increased in animals after AMI. The heart-specific
miR-208 cannot be found in normal rat urine. However, in urine from animals with AMI, a
significant amount of miR-208 is easily identified. Our time course study has demonstrated
an obvious delay in the increase of miR-1 in urine compared with that in blood, but the
increase of miR-1 in urine was sustained longer than that in blood. These results suggested
that a metabolic process may occur in the kidney. In addition, the standard deviation or
standard error of miR-1 in urine was larger compared with that in blood. This finding may
reflect the different rate of urine formation and kidney metabolism among the rats after
AMI.

The urine was separated into exosome part and supernatant part by ultracentrifugation. The
miR-1 levels were measured in two parts to determine the distribution of miR-1 in urine
from animals with AMI. We identified that miR-1 was located in both parts. Previous
studies have reported that miRNAs in serum exosomes are pretty stable [6-13]. We thus
compared the stability of miR-1 in serum exosomes and urine exosomes. Consistent with
previous reports, miR-1 was stable in serum exosomes. However, a slow degradation of
urine exosome-carried miR-1 was found in our study. A slow degradation of miR-1 in the
supernatant part was also identified. The results suggested that an unknown degradation
mechanism may exist in urine.
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To determine the capability of renal elimination of exosomes and exosome-carried miRNAsS,
we isolated serum exosomes from rats after AMI and injected into aortas in normal rats. We
found that the urine miR-1 level in these exosome-injected animals was significantly
increased. In addition, injection of these exosomes intravenously also increase the urine
miR-1 level, but the increase is smaller than that induced by arterial injection. The result
suggests that exosomes may also be cleared by other organs. To further provide direct
evidence that circulating exosomes can enter into urine by transrenal release, we injected the
exosomes with fluorescence label into the circulating blood. We found that the injected
exosomes indeed could be identified in kidney tissues and cells. To further verify the
discovery, we isolated urine exosomes in animals after the injection with fluorescence-
labeled exosomes and added them to the culture medium of HEK293 cells. The result
showed that the HEK293 cells indeed had the fluorescence-labeled exosomes.

One interesting question is that, in addition to the transrenal release of miRNAs via
exosomes, whether the circulating free miRNASs are able to enter urine directly. It is
possible, because about half of urine miRNAs are not in exosomes. However, it is difficult
to perform the experiment to provide direct evidence to verify this hypothesis due to the
following two reasons: First, it is difficult to obtain the real-free miRNAs in blood, because
most of the miRNAs are binding to exosomes or, at least, to other proteins. Second, the
synthesized mature free miRNASs are not stable in blood.

Finally, in the clinical study, we found that urine miR-1 in patients with AMI were also
quickly increased within hours. In patients within 24 h of AMI, there is over 60-fold
increase in miR-1 urine level. The heart-specific miR-208 cannot be found in normal human
urine. In contrast to urine miR-1, only a few of patients (5 out of 20 detected patients) were
found to have very low levels of urine miR-208. We think the potential reason for the
difference between human urine miR-1 and urine miR-208 is that the level of miR-208 is
much lower than that of miR-1. Thus, the low level of human urine miR-208 cannot be
easily detected by the regular qRT-PCR. Improvement of the detective method for urine
miR-208 is thus needed in future studies.

The search for new biomarkers of cardiovascular diseases including AMI remains a large
and growing enterprise [24]. The new surrogate markers for AMI should have a higher
sensitivity, higher specificity and need to be quickly detected. There is no doubt that urine
miRNAs are a novel class of AMI biomarkers with high sensitivity and specificity.
However, they are not the surrogate markers for AMI using the current gRT-PCR
technology because of the time consuming in detection compared with the method to
determine serum CK-MB or troponin (TnT or Tnl). However, the development of high
sensitive, quick assay of RNA is a highly pursued research topic. In fact, progress has been
made such as fluoresce and ELISA methods in RNA array. Any breakthroughs in this
research area may overcome the pitfall in the future. We understand that it still has a long
way to go to bring the discovery of this study to clinical practice.

During the writing of this article, we are happy to see that another group also reported the
urine miR-1 in AMI urine samples [25]. It provided an additional support to our
observations. However, they did not find miR-208 in urine from animals and patients. As we
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discussed above, it might be induced by the low level of urine miR-208. Increasing of the
cycle number of qRT-PCR or urine RNA samples may provide help to detect urine miR-208
correctly.

In summary, in the current study, we identified that the heart-released miRNAs could enter
the urine by their transrenal release and provided a detailed molecular mechanism about the
heart-released urine miRNAs in AMI. The urine miRNAs such as miR-1 and miR-208 may
represent a novel group of urine biomarkers for ischemic heart disease such as AMI.
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Fig. 1.
Urine miRNAs from rats with or without acute AMI. (A) AMI was induced by left anterior

descending coronary artery ligation and the infarct size was determined by pathological
staining in heart slices. Note: Color blue is Evans blue staining. The region without Evans
blue staining is myocardial ischemic area at risk (IAR). Color red is the triphenyltetrazolium
chloride (TTC) staining. TTC unstained area within IAR was the infarcted area. (B) Infarct
size is expressed as a percentage of the IAR (% IAR). (C) The relative urine miR-1 and
miR-122 levels in 8 rats without surgery, 8 sham-opened control rats, and 8 rats at 24 h after
AMI. n=8, *P<0.001 compared with the control group. (D) The urine levels of miR-208 in
rats with and without AMI. Note: The 3 curves above the baseline after 1:05:02 represent
the miR-208 signals in urine from 3 AMI rats. In contrast, 3 lines that are still at baseline
after 1:05:02 represent 3 normal urine samples without miR-208 signal.
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Fig. 2.

Time-course changes of urine and serum miR-1 in rats after AMI. (A) The time course of
urine miR-1 in rats after AMI. (B) The time course of serum miR-1 in rats after AMI. Note:
n=8, *P<0.05 compared with the group before AMI (0 h group).
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Fig. 3.

Stability and distribution of urine miR-1 in rats with AMI. (A) Urine samples were collected
from rats at 24 h after AMI and miR-1 levels were determined immediately after urine
collection and 24 h later at 4 °C. n=5, *P<0.01 compared with 0 h group. (B) Representative
urine exosomes isolated by ultracentrifugation and detected by electron microscopy. (C) The
distribution of urine miR-1 in exosome part and supernatant part (100% of total urine
miR-1). (D) miR-1 levels in supernatant part of urine in rats with and without AMI. (E)
miR-1 levels in exosome part of urine in rats with and without AMI. (F) miR-1 levels in
freshly isolated supernatant part of AMI urine and in supernatant part kept for 24 h at 4 °C.
(G) miR-1 levels in freshly isolated exosome part of AMI urine and in exosome part kept for
24 h at 4 °C. Note: n=5, *P<0.01 compared with 0 h group.
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Fig. 4.

Trgansrenal release of exosome-carried miRNAS. (A)—(C) The miR-1 levels in liver, spleen
and kidney of Sham-opened rats and of the rats at 24 h after AMI. (D) Representative serum
exosomes isolated by ultracentrifugation and detected by electron microscopy. (E) miR-1
levels in serum exosomes from normal rats and from rats with AMI. (F) miR-1 levels in
freshly isolated exosomes of AMI serum and in these exosomes kept for 24 h at 4 °C. G.
Administration of the serum exosomes from rats with AMI to aortas of normal rats resulted
in the time-dependent increase in urine miR-1. H. Comparison of urine miR-1 levels
exosomes-treated rats between the delivery via aortas and the delivery via external jugular
veins. Note: n=5, *P<0.05 compared with the control group.
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Fig. 5.
The capability of circulating exosomes into kidney tissue. PKH67-labeled exosomes or

unlabeled exosomes were injected into circulating blood of rats. The kidneys were isolated
to determine the PKH67-labeled exosomes in the kidney tissue sections (A). HE-staining
and fluorescence signal detection (green color) in kidney sections from unlabeled exosomes-
injected animals. No fluorescence signal (green color) is demonstrated. (B) HE-staining and
fluorescence signal detection (green color) in kidney sections from PKH67-labeled
exosomes-injected animals. Fluorescence signal (green color) is identified.
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Fig. 6.

Trgansrenal release of exosomes. PKH67-labeled exosomes or unlabeled exosomes were
injected into circulating blood of rats. The urine exosomes from these rats were isolated and
were added to the culture medium of HEK293 cells to detect to PKH67-labeled exosomes in
cells. HEK293 cells cultured with vehicle are used as a negative control and HEK293 cells
cultured directly with PKH67-labeled exosomes were used as a positive control.
Fluorescence signal (green color) was detected by a fluorescence microscopy. (A) Negative
control. (B) Cells cultured with urine exosomes from unlabeled exosomes-injected animals.
(C) Cells cultured with urine exosomes from PKH67-labeled exosomes-injected animals.
(D) Positive control.
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Urine miR-1 in patients with AMI. (A) Urine miR-1 in patients with AMI and their age and
sex-matched normal controls. n=20, *P<0.01 compared with the control group. (B) The

relationship between serum Tnl levels and urine miR-1 in these patients. A positive

correlation was demonstrated between serum Tnl and urine miR-1 levels (r=0.70; p<0.05).
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