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Background: Particulate matter 2.5 (PM2.5) in air pollution is regarded as a risk factor for cardiovascular disease (CVDs).
Recently, it has become well accepted that polycyclic aromatic hydrocarbons (PAHs) in PM2.5 impacts human
CVDs. However, few studies have shown miRNAs affected by PAHs play a critical role in transcriptional regula-
tion related to cardiovascular development and disease.
Material/Methods: Human umbilical cord vein cells (HUVECs) incubated prior to treatment with PAHs at various concentrations
(0, 100, 200, 300, 400, and 500 pg/ml) of PAHs particle solutions were added to the culture medium for 24 h.
We performed isolation and sequencing of small RNAs and analysis of small RNA sequences and differential
expression. The M3RNA database was used to predict miRNA-miRNA interactions. Tools from the DAVID data-
base were used to perform the GO functional analysis of predicted miRNA target genes. A First-Strand cDNA
Synthesis Kit was used to synthesis cDNA.

Results: miRNA155 was revealed as a key regulator in PAHs treatment. The putative targets of upregulated miRNA in
PAHs treatment indicated that the downregulated genes were enriched in biological pathways such as Wnt
signaling and ErbB signaling, which are crucial for the development of vasculature.

Conclusions: In general, our results suggest that PAHs taken by PM2.5 can decrease cardiovascular-related gene expression
through upregulating miRNA, which may be a new target for therapy in the future.
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Material and Methods

Particulate matter (PM) with a diameter of less than 2.5 pm
(PM2.5) has been identified as the most harmful type of PM.
Epidemiological and experimental studies suggest that expo-
sure to air pollution containing PM2.5 increases the risk for
cardiopulmonary diseases, cerebrovascular disease, and dia-
betes [1-3]. Since 2004, the American Heart Association (AHA)
has asserted that PM air pollution plays a role in cardiovascu-
lar morbidity and mortality [4]. In the last decade, more evi-
dence has accumulated to support PM2.5 exposure as a risk
factor of CVDs [5-10]. Polycyclic aromatic hydrocarbons (PAH)
are the major pollution in PM2.5 and are composed of mul-
tiple aromatic rings. It has been widely accepted that the in-
flammatory response and oxidative stress may be responsible
for PAHs-induced cardiopulmonary diseases. PAHs can induce
reactive oxygen species (ROS) production and decrease anti-
oxidant enzyme activity, resulting in oxidative stress in vas-
cular endothelial cells [11].

A disease pathway was established by molecular biology tech-
niques and comprehensive analysis of disease-gene interac-
tions. These interactions are based on the functions of cod-
ing genes in disease, including miRNA regulation and protein
modification. Recent genomic studies have identified a class
of endogenous non-coding RNA molecules with pivotal roles
in vascular remodeling and disease [12]. miRNA is a type of
small non-coding RNA molecule that is able to downregulate
the expression of diverse target genes [13]. Recent studies
have identified a group of miRNAs associated with CVDs that
are widely distributed in the human genome, including miR-
NA-126, miRNA-155, and the miRNA gene clusters 143/145,
23/24/27, 17-92, and 14q32 [12,14,15]. However, whether
these miRNAs are affected by cardiovascular-localized PAH
exposure is unclear. In addition, many other miRNAs affected
by PAH exposure remain unclear.

In this study, we profiled miRNA expression in endothelial
cells after PAHs taken by PM2.5. Through comparison with the
miRNA profile in normal conditions, differentially expressed
miRNAs were identified, including many associated with CVDs.
A typical bioinformatics algorithm was applied to predict the
potential target genes of these miRNAs. The identification of
PAHs-regulated miRNAs will facilitate the development of bio-
markers for PAHs-induced CVDs and provide new knowledge
about the mechanisms by which PAHs affect human health.

Cell growth and PAHs treatment

Human umbilical cord vein cells (HUVECs) obtained from the
American Type Culture Collection (ATCC, Manassas, VA) were
cultured in Medium 199 (Life Technologies, Gaithersburg, MD)
containing 4 mM L-glutamine, 90 mg/ml heparin, 1 mM sodi-
um pyruvate, 30 mg/ml endothelial cell growth stimulant (Life
Technologies), and 20% FBS (HyClone, Logan, UT) at 37°C in
an atmosphere of 5% CO,. Only cells at passages 2 to 4 were
used in our experiments. In all experiments, HUVECs were
washed and incubated for 24 h prior to treatment with PAHs
Different concentrations (0, 100, 200, 300, 400, and 500 pg/ml)
of PAHs particle solutions were added to the culture medium
for 24 h before MTT assays. The MTT assay was used to deter-
mine the IC50 of PAHs and was performed using an MTT assay
kit (EMD Millipore) following the manufacturer’s protocol. The
IC50 of PAHs was calculated by a modified Kou-type method.

Isolation and sequencing of small RNAs

According to the manufacturer’s protocol, a miRNeasy mini kit
was used for the extraction of total RNA and non-coding RNA
(ncRNA) from frozen samples. RNA quality was evaluated by
using an Agilent 2100 Bioanalyzer. Small RNA libraries were
created from total RNA by using an Illumina TruSeq Small RNA
Library Preparation Kit. Total RNA was quantified with a spec-
trophotometer (NanoDrop 2000) and electrophoresed in formal-
dehyde-denatured agarose gels. BGI (Huada Genomics Institute
Co. Ltd., China) processed the Solexa sequencing of small RNAs.

Analysis of small RNA sequences

Small RNA-seq data were analyzed by using a custom-built
pipeline that included 3 steps: adaptor/tag removal, genomic
alignment, and miRBase comparison. The transcribed miRNAs
and their expression levels were identified and measured. First,
we removed extraneous sequences (the barcode tag and the
lllumina adaptor) of each read from the 5’ and 3’ ends, re-
spectively. Next, Bowtie was used to align reads to the hgl9
reference genome assembly and RefSeq. The alignment lo-
cation was compared with known miRNA genes in miRBase.
The miRBase-defined miRNA was counted according to the
overlapping reads (>50%). miRNA expression was measured
by edgeR to compare control and PAHs-treated samples.

Differential expression analysis

The differential expression of miRNAs was processed in 2 steps.
First, the expression of miRNAs in the 2 samples was normal-
ized by TMM method from edgeR. Then, the fold change and
P value were calculated from the normalized expression values.
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Figure 1. Distribution of read length. In the
control sample, Raw reads were
detected after Solexa sequencing.
After we removed contaminant reads
and low-quality reads, the remaining
reads were uploaded and subjected
to a length distribution analysis. Note
that the 22 nt is the most frequent
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miRNA target prediction

The M3RNA database was used to predict miRNA-miRNA in-
teractions. A new web-based algorithm http://m3rna.cnb.csic.
es/ was used for further analysis. This algorithm predicted
miRNA targets based on information combined from 4 data-
bases: Tarbase, miRTarBase, miRWalk, and miRecords. Nine
different algorithms were used in these databases, including
DIANA-microT, Microcosm, Microrna.org, TargetScan, Mirtarget,
PITA, miRWalk-predictive, and TargetSpy.

GO and KEGG analysis

Tools from the DAVID database were used to perform the GO
functional analysis of predicted miRNA target genes. The sig-
nificantly enriched (P value <0.05) GO terms and KEGG terms
were identified by comparison to the genome background. The
default parameters were used.

qRT-PCR analysis

A First-Strand cDNA Synthesis Kit was used to synthesize cDNA
from 1 pg of total RNA according to the manufacturer’s instruc-
tions. TransStart Top Green gPCR SuperMix (Transgen Biotech)
and an iQTM5 Multicolor Real-Time PCR Detection System (BIO-
RAD) were used to perform gRT-PCR. The process of qRT-PCR
was as follows: 95°C for 3 min, followed by 40 cycles at 95°C
for 10 s, 60°C for 20 s, 72°C for 30 s, and 80°C for 10 s, and
then 72°C for 5 min, and finally increases of 0.5°C every 10 s
from 55°C to 95°C. The relative fold-changes of gene expres-
sion were calculated by the 222 method.

Results

Cell viability

Different concentrations (0, 100, 200, 300, 400, and 500 pg/ml)
of PAHs solutions isolated from PM2.5 particles were added
to HUVEC culture medium for 24 h before MTT assays. MTT
assays were performed by measuring the absorbance value
(OD value) at 492-630 nm on a microplate reader. Analysis of

reads, respectively.

MTT assay results showed that the 1C50 of PAHs in HUVECs
was 112.0925 pg/ml.

Global sequence analysis of small RNAs

To understand the miRNA regulation in ECs after PAH treat-
ments, an sRNA library was constructed by extracting total
RNA from ECs with and without PAHs treatment. The array re-
sults of each sample were confirmed for 3 times. In the control
sample, a total of 13 000 000 raw reads were detected after
Solexa sequencing. Contaminant reads and low-quality reads
were removed. The remaining reads were uploaded and sub-
jected to a length distribution analysis. The results showed
that the most frequent read length was 22 nt followed by
23 nt, which made up 69.38% and 16.55% of total reads, re-
spectively (Figure 1). Reads smaller than 18 nt and reads with
poly(A) tails were then filtered to obtain a total of 12 733 284
clean reads (Table 1). Subsequently, clean reads were aligned
against the human genome. In the PAHs-treated (PT) sample,
a total of 13 000 000 raw reads were detected. The most fre-
quent read lengths were 22 nt (65.59%) and 23 nt (16.86%)
(Figure 1). In total, 12 572 254 clean reads were obtained af-
ter filtering (Table 1).

Statistical analysis was performed to compare the total and
unique small RNAs in control and PT samples (Table 2). There
were 25 305 538 total small RNAs, and the proportion of shared
small RNAs between control and PT samples was 98.17%
(24 841 988). The control-specific and PT-specific small RNAs
were 0.74% (186 002) and 1.10% of the total, respectively.
A total of 445 937 unique small RNAs were identified. Among
them, 51 025 were found in both the control and PT samples.
The numbers of unique sRNAs specific to the control and PT
samples were 160 522 and 234 390, respectively.

Next, sSRNAs were classified into different categories based on
annotation and biogenesis by using alignments against the
human genome on Rfam, GenBank, repeat-associated RNA,
and miRbase (Table 3). The proportion of unannotated sRNAs
in the control sample was 57.43%. In the PT sample, the rep-
resentation of categories was as follows (Table.3). In the PT
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Table 1. Filtering of raw reads from control and PAHs treated (PT) samples.

Control

Total reads 13000000 13000000
 Highqualty 12008352 100% 12001526 100%
""""" Yadapternull 123 001% 138 001%
o msetnat 860 005% 9319 007%
 Sadaptercontaminants 149049 Lis% 22682 188%
""""" Smaller than 180t 17546 014% 7557 058%
""""" poyA 37 o000% 89  001%
""""" Cleanreads 12733284 98e4% 12572254 97.45%

PAHs — polycyclic aromatic hydrocarbons; PT — PAHs-treated.

Table 2. Comparing of total and unique small RNAs in control and PT samples.

Control
Unique sRNAS Percent (%)
Total SRNAs 445937 25305538
""""" Control & PAHS 51025 01144 24841988 09817
""""" Control specific 160522 036 186002 00074
© PAMsspecfic 234300 05256 277548 o011

PAHs — polycyclic aromatic hydrocarbons; PT —PAHs-treated.

Table 3. The proportions of different kinds of sSRNAs.

Control
Category Total Unique
sRNAs SRNAs
Total 211547 12733284 285415 12572254

© Exonantisense 1259 0006 1745 00001 1991 0007 3196 0.0003
 Exonsense 23288 01101 | 38678 0003 41531 01455 53052 0.0042
© intron antisense | 3580 00169 4292 00003 5862 00205 6993 0.0006
© intonsense 11905 00563 17179 00013 31073 01089 36856 00029
© miRNA 4910 00232 10568984 083 5243 00184 10215373 08125
CoRNA 18664 ~ 00882 108849 00085 24977 00875 163420 0013
© repeat 12196 00577 44802 00035 25882 00907 63001 0005
CsRNA 941 00044 ¢ 9889 00008 1807 00063 21677 00017
COsRNA 2307 00109 61367 00048 | 3840 00135 67194 00053
 smoRNA 1306 00062 21822 00017 2193 00077 41578 00033
 spRNA 44 00002 6 O 54 00002 8 0
COWRNA 961 00457 149086 00117 11932 00418 160619 00128
unamm 121486 05743 1706529 0134 129030 04521 1739211 01383

PT — PAHs-treated.
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Table 4. KEGG analysis of putative miRNA targets predicted by the miRanda algorithm.

Target genes
with pathway

All genes of

the species Pathway

with pathway )
annotation (27635)

564 (2.04%) 3.9E-10 1.2E-07 ko04740
S22 (189%) 000013 001437 Kko04360
413 (149% 000014 001437 Kko04910
263 (095% 000021 00161 ko05222
sed (oaw  39E10 12607 kood740
S22 (189%) 000013 001437 Kko04360
413 (149% 000014 001437 Kko04910
263 (095% 000021 00161 ko05222

Pathwa .
way annotation
(24054)
Olfactory transduction 535 (2.22%)
Known ~Axenguidance R L
miRNA S - o
Insulin signaling pathway 383 (1.59%)
Small cell lung cancer 247 (1.03%)
Olfactory transduction 535 (2.22%)
Novel ~ Axenguidance (N
miRNA . . .
Insulin signaling pathway 383 (1.59%)
Small cell lung cancer 247 (1.03%)
1000000 uﬁ Up-expressed miRNA
m Down-expressed miRNA
100000 1{m Equally-expressed miRNA
Lo
10000 T —1—%
=
= 1000
S
= 100
S
g 10
3
1
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NN S
; CESSS
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Figure 2. Scatter plot of miRNAs expression between control
and PT samples. Note that red and green plots are
upregulated and downregulated, respectively. There
were 77 known miRNAs that were significantly
differentially expressed; 24 known miRNAs had high
abundance (>10) in the samples; and a total of 22
novel miRNAs with significant differential expression
were identified, 11 of which were downregulated.

sample, unannotated sRNAs made up 45.21% of the unique
SRNAs. In general, these results suggest that miRNAs in the
SRNA library were abundant in both samples.

Identification of known and novel miRNAs
After miRBase alignment using miRAlign, the known miRNAs

in ECs were identified from candidate miRNA sequences. In to-
tal, 214 and 223 known miRNAs were identified in the control

and PT samples, respectively. Both samples had approximate-
ly 800 miRNA precursors. The 2 samples shared 502 known
miRNAs or miRNA precursors (Table 4). The novel miRNAs
were predicted from unannotated sRNAs by Mireap software,
which examines the secondary structure, minimum free energy,
and the Dicer cleavage site of SRNAs matched to the genome.
A total of 59 novel miRNAs were predicted in the control sam-
ple, 78 were predicted in the PT sample, and 36 novel miRNAs
were found in both samples.

Differential expression of known and novel miRNAs

The differentially expressed miRNAs were determined by com-
paring the miRNA expression between the control and PT sam-
ples (Table 4, Figure 2). There were 77 known miRNAs that
were significantly differentially expressed, 24 known miRNAs
had high abundance (>10) in the samples, and 6 level groups
of miRNAs were clustered according to their fold change of ex-
pression in PT sample (Figure 3A). The miRNA has-miR-532-5p
was found to be the most strongly downregulated (8-fold)
known miRNA, while has-miR-579-5p was the most strongly
upregulated (4-fold). A total of 22 novel miRNAs with signifi-
cant differential expression were identified, 11 of which were
downregulated. Novel-mir-53 and novel-mir-6 were downreg-
ulated in the PT sample but had high abundance in the con-
trol sample (>10).

Putative target genes

Putative target genes of differentially expressed miRNAs were
predicted by the miRanda algorithm. There were 31 011 pu-
tative transcription products found for the 77 known miRNAs
that were differentially expressed in the control and PT sam-
ples. According to GO functional analysis, these target genes
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502 miRNAs

Log2 (Treatment/control)

Figure 3A. Six level clusters of miRNA
expression. Heat map for scaled
miRNA expression ratio of PT

k:g:; divided by control that shows
upregulated miRNAs (red region)
Level3 and downregulated miRNAs (green
| Level4 region). miRNAs were ranked by log
Level5 fold change in each regulated group.
a4 Level6

Table 5. miRNAs with significantly change in PT sample. Down-regulated, log2 PT/control <-2; up-regulated, log2 PT/control >2.

miR-name Control
hsa-miR-3613-5p 0.08
""""""" hsamiR-376c5p 008
""""""" hsamiR-376b-5p 008
""""""" hsamiR-6525p o016
""""""" hsamiR-3648 o031
""""""" hsamiR7641 031
""""""" hsamiR-983p 047
""""""" hsa-miR-4485 063
""""""" hsamiR-585-3p 063
""""""" hsamiR-31-3p 024
""""""" hsamiR299-5p 1037
""""""" hsamiR-3017 063
""""""" hsamiR-155-3p 094
""""""" hsamiR-99b-3p 13586
""""""" hsamiR-532-5p 9424

PT log2 PT/control p-value

1.67 441 5E-06
""" L1t 38 0000474
""" 103 372 0000898
""" L9 29 0001198
""" st 227 000139
""" 51 227 000139
o215 219 0000169
286 219 1276-05
286 219 127605
""" 103 213 oous
343 200 49%%-62
62 206 58E-05
""" 382 202 15506
238 - 251 456240
i85 299 1E-201

are classified in diverse functional categories, including im-
mune system process, multicellular organismal process, repro-
ductive process, response to stimulus, rhythmic process, cell
junction, and cell death. Furthermore, GO enrichment analy-
sis revealed that these target genes are widely spread in di-
verse biological processes. Next, all putative target genes cor-
responding to the known miRNAs were subjected to KEGG
analysis. The results showed that genes related to olfactory
transduction, axon guidance, insulin signaling, and small cell
lung cancer were significantly enriched compared with genes
in the whole human genome (Table 4).

For the 22 novel miRNAs, 29 399 transcription products were ob-
tained as putative targets. After GO analysis, it was shown that
these genes were widely spread in diverse biological process-
es without significant enrichment. Similar to the known miRNA

targets, KEGG analysis showed that the significantly enriched
genes were related to olfactory transduction, axon guidance, in-
sulin signaling, and small cell lung cancer (Table 4). In general,
the PT-regulated miRNAs were targeted to almost the whole ge-
nome, and the specific function of these miRNAs remains elusive.

Mature miRNAs have a highly conserved seed region at po-
sition 2~8, while the target sequences might be different in
this region. This phenomenon is called miRNA base editing and
can be detected by aligning unannotated sRNA tags with ma-
ture miRNAs from miRBase. In this study, miRNAs allowing 1
mismatch with their putative targets in certain positions were
identified. In the control sample, 73 miRNAs had less than 5%
base editing, while 27 miRNAs had more than 95% base edit-
ing. In the PT sample, 149 miRNAs had less than 5% base ed-
iting and 49 had more than 95% base editing.
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Figure 3B. The 13 upregulated known miRNAs. The miRNAs
expression of 3 replicates of control and 3 replicates
of PT show less variants among replicates. We used
4-fold change as a strict cutoff.
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Function of significantly upregulated and downregulated
known miRNAs in cardiovascular development and disease

According to the miRanda algorithm, the regulated miRNAs in
the PT sample could target the global genome. To better un-
derstand the function of regulated miRNAs in the PT sample,
we used a new predictive combined database that can more
precisely predict the miRNA-miRNA interactions.

Two significantly downregulated (>4-fold) known miRNAs —
has-miR-99b-3p and has-miR-532-5p — were identified in the
PT sample and corresponded to 5323 putative target genes.
These putative target genes were enriched in some general
biological processes, such as the regulation of transcription,
according to GO and KEGG analyses (Table 5).

In the PT sample, 13 significantly upregulated (>4-fold) known
miRNAs were identified: hsa-miR-155-3p, hsa-miR-376¢-5p, hsa-
miR-376b-5p, hsa-miR-652-5p, hsa-miR-3648, hsa-miR-7641,
hsa-miR-98-3p, hsa-miR-4485, hsa-miR-585-3p, hsa-miR-
3613-5p, hsa-miR-299-5p, hsa-miR-3917, and hsa-miR-31-3p
(Figure 3B).

To precisely understand the function of the other miRNAs, an
improved algorithm was applied to predict their targets. From
multiple miRNA-miRNA interaction databases, 5791 genes were
identified as putative targets with diverse biological func-
tions (Table 6). According to GO analysis, enrichment was ob-
served in genes involved in general biological processes such
as regulation of transcription, protein location, and protein
transport. However, we also observed significant enrichment
of genes involved in some special processes, such as neuron

Table 6. GO and KEGG analysis of putative miRNA targets predicted by the miRNA database.

Term

Schizophrenia; bipolar disorder

hsa04012: ErbB signaling pathway

Count % P value
14 0.243224 0.002952
"""""" 72 1250869 003269
w0 2432285 348E05
w8 2223767 462805
e 201588 499E-05
15 1sa4183 655E05
17 18893 719805
"""""" 14 0243224 0002952
"""""" 72 1250869 003269
"""""" 75 1302088 41807
"""""" 226 0486449  7.11E05
10 2258513 945E05
"""""" 43 0747047 0000204
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development (P value, 3.48E-05), embryonic morphogenesis
(P value, 4.62E-05), chromatin modification (P value, 4.99E-05),
blood vessel development (P value, 6.55E-05), and vascula-
ture development (P value, 7.11E-05). In addition, these genes
were subjected to KEGG pathway analysis. The results showed
that genes in the Wnt signaling pathway (P value, 4.10E-07),
type Il diabetes mellitus (P value, 7.11E-05), cancer pathways
(P value, 9.45E-05), and the ErbB signaling pathway (P value,
2.04E-04) were significantly enriched.

qRT-PCR analysis of predicted target genes

To understand the expression pattern of putative target genes
related to cardiovascular development and disease, a qRT-PCR
analysis was performed. Downregulated expression was de-
tected for the 8 common genes (186, 1906, 1909, 2022, 2702,
3553, 3953, 51752) involved in blood vessel development, vas-
culature development and hypertension, which were putative
targets of upregulated miRNAs in PAHs-treated cells (Figure 4).

Discussion

In this study, we identified 2 downregulated and 14 upregu-
lated known miRNAs with significant changes in expression.
Among these genes, miRNA-155 has a well-known role in vas-
cular development and disease. By integrating miRNA and pu-
tative target gene prediction, 5791 genes were identified as
putative targets. These enriched genes were involved in bi-
ological processes related to vascular development such as
blood vessel development, vasculature development, hyper-
tension, Wnt signaling, and ErbB signaling. These results re-
veal a possible mechanism of PAHs-induced cardiovascular
disease through miRNA expression.

miR-155 has confirmed targets, including SOCS1, TAB2, PU.1,
AT1R, ETS-1, BCL6, CCL2, HMGB1, MMP1, and MMP3. These
genes are involved in diverse biological processes related to
cardiovascular development and disease, such as pro-inflam-
matory and anti-inflammatory signaling, HUVEC activation
and migration, angiogenesis, arteriogenesis, atherosclero-
sis, foam cell formation, and matrix degradation. It has been
shown that the interleukin-1 signaling pathway is regulated
by miRNA-155 in activated human monocyte-derived den-
dritic cells [16]. miRNA-155 is also an adverse mediator of
cardiac injury and dysfunction during acute viral myocardi-
tis [17]. Angiotensin Il-induced endothelial inflammation and
migration are regulated by microRNA-155 [18]. During adap-
tive neovascularization, miRNA-155 plays an important role in
cell-specific antiangiogenesis [19]. Atherosclerosis is promot-
ed by miRNA-155 through the repression of Bcl6 [20]. Foam
cell formation is also accelerated by elevated miRNA-155 and
subsequent repression of HBP1 [21]. In summary, miRNA-155
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Figure 4. RT-PCR analysis of putative targets of miRNA
upregulated by PAH treatment. Downregulated
expression was detected for the 8 common genes (186,
1906, 1909, 2022, 2702, 3553, 3953, 51752) involved
in blood vessel development, vasculature development,
and hypertension, which were putative targets of
upregulated miRNAs in PAHs-treated cells.

up-regulation after PAHs treatment plays a major role in car-
diovascular development and disease. According to GO anal-
ysis, enrichment was observed in genes involved in general
biological processes such as regulation of transcription, pro-
tein location, and protein transport. In addition, these genes
were subjected to KEGG pathway analysis. The results showed
that genes in the Wnt signaling pathway (P value, 4.10E-07),
type Il diabetes mellitus (P value, 7.11E-05), cancer pathways
(P value, 9.45E-05), and the ErbB signaling pathway (P value,
2.04E-04) were significantly enriched.

According to the GO and KEGG pathway analyses, the upregu-
lated miRNAs were indicated to play vital functions in cardio-
vascular development and disease. Genes involved in blood
vessel development, vasculature development, and hyper-
tension, which were putative targets of PT-induced miRNAs,
were obviously related to cardiovascular development and
disease. There were 105, 107, and 72 putative target genes
of upregulated miRNAs in PAHs-treated cells related to blood
vessel development, vasculature development, and hyperten-
sion, respectively. ATGR2 (186) encodes an angiotensin Il re-
ceptor type 2 protein that plays an important role in mediat-
ing cell death during development and pathophysiology [22].
Endothelin 1 (EDN1) (1906) is a preproprotein that produces
a secreted peptide belonging to the endothelin/sarafotoxin
family. Recently, EDN1 was identified as a marker for pulmo-
nary arterial hypertension in HIV infection [23]. Endothelin re-
ceptor type A (EDNRA) (1909) is a receptor for EDN1. Endoglin
(ENG) (2022) is a major glycoprotein in the vascular endotheli-
um. Endoplasmic reticulum aminopeptidase 1 (EEAP1) (51752)
is involved in blood pressure regulation by inactivation of an-
giotensin Il [24].
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Recent studies show that chromatin modification is one of the
major mechanisms controlling cardiac gene function. For in-
stance, pharmacological inhibition of members of the histone
deacetylase (HDAC) family, which are components of chromatin
modification complexes, can prevent heart failure through reg-
ulating expression of related genes, such as the histone meth-
yltransferase (HMT) enhancer of zeste homolog 2 (Ezh2), which
is associated with pathological cardiac hypertrophy [25]. We
identified 116 putative target genes of upregulated miRNAs
in the PT sample that were related to chromatin modification.

The Wnt signaling pathway plays diverse roles in crucial as-
pects of cardiovascular development and disease processes, in-
cluding cardiac morphogenesis, differentiation of cardiac pro-
genitor cells, and self-renewal [26-28]. Evidence demonstrates
that cardiovascular defects lead to loss of Wnt signaling [29].
There were 75 putative target genes of upregulated miRNAs
in PT samples that were related to the Wnt signaling pathway.
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ErbB signaling, which plays essential roles in cancer, was also
implicated in CVDs [30]. Cancer therapies targeting ErbB sig-
naling revealed its role in the maintenance of cardiac func-
tion [31]. Neuregulin 1 (NRG1) in the ErbB signaling pathway
can regulate diverse processes in cardiovascular biology, such
as blood pressure and angiogenesis. Forty-three putative tar-
get genes of upregulated miRNAs in the PT samples were re-
lated to the ErbB signaling pathway.

Conclusions

In general, this study suggests that PAHs taken by PM2.5 can
downregulate CVDs-related gene expression through upregulat-
ing miRNA, which may be new target for therapy in the future.
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