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Abstract

Objective: Deep vein thrombosis (DVT) is a common peripheral disease. This study aimed to elucidate the diagnostic bio-
marker of IncRNA nuclear-enriched abundant transcript | (NEATI) in the DVT, and explore possible mechanisms in Human
umbilical vein endothelial cells (HUVECs).

Methods: 10| patients with lower extremity DVT and 82 healthy controls were enrolled. RT-qPCR was designed to resolve the
mRNA levels of NEAT |, miR-218-5p, and GAB2. ROC was applied for the diagnosis of DVT. Systemic inflammation (IL-1f, IL-6,
and TNF-o) and adhesion factor (SELP, VCAM-I, and ICAM-1) were examined by the ELISA. And cell proliferation, migration,
and apoptosis were conducted by the CCK-8, Transwell, flow cytometry assay. The targeting relationship was validated by Dual
luciferase reporter and RIP analysis.

Results: NEAT| and GAB2 were upregulated in patients with DVT, while miR-218-5p was decreased (P<.01). Serum NEATI
can identify DVT patients from healthy individuals. NEAT| was positively correalted with fibrinolysis factors, coagulation factors,
and vasoconstrictors. NEAT | inhibited the proliferation, migration, and promoted apoptosis as well as inflammation and adhe-
sion factors secretion of HUVECs (P <.05), but all were impaired by overexpression of miR-218-5p (P <.05). NEAT| promoted
GAB2 expression in DVT by acting as a sponge for miR-218-5p.

Conclusion: Elevated NEAT | is a possible DVT diagnostic biomarker, and is implicated in vascular endothelial cell dysfunction
via miR-218-5p/GAB2 axis.
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Introduction in impaired lower extremity function, ulceration, 20%-50%
post-thrombotic syndrome, and even 10% fatal pulmonary
embolism.® Anticoagulation, thrombolysis, and thrombectomy
have all been tried to prevent and cure DVT, although they
have not always been effective.' As a result, prompt and

Deep vein thrombosis (DVT) is a cardiovascular illness in
which a thrombus develops in the lumen of a deep vein, impair-
ing blood flow.! DVT, is the world’s third most common blood
illness, with up to 50 000 new cases per year in the United
States and up to 12 million in China.>* DVT misdiagnosis is
common due to its gradual development and the absence of Department of Clinical Laboratory, Affiliated Hospital of PanZhiHua
clinical signs in the early stage.* Furthermore, the currently uti-  University, Panzhihua, China
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precise diagnosis, as well as effective therapies, are especially
critical for DVT patients.

Long non-coding RNA (IncRNA) is a member of the non-
coding RNA family, which is characterized as longer than
200 base pairs. Abundant LncRNAs are engaged in the onset
and development of DVT, highlighting their potential as bio-
markers and therapeutic tools. Disorders of IncRNA ANRIL,’
GUSBP5-AS,® and MALATI1® have been proven to be associ-
ated with the development of DVT. LncRNA nuclear-enriched
abundant transcript 1 (NEAT1), also known as LINC00084, has
been identified as a regulator of para-nucleosome stability on
human chromosome 11q13.1."° Damage to vascular endothelial
cells causes the cells to lose their usual anticoagulation, increas-
ing thrombosis. In hemangioma endothelial cells, NEATI
silencing reduces proliferation and promotes apoptosis.''
NEATI1 suppression alleviates ox-LDL-induced damage in
human umbilical vein endothelial cells (HUVECSs) through
miR-30c-5p."? Furthermore, atherosclerotic (AS) disease pro-
duces lumen constriction and increased blood viscosity, both
of which can lead to thrombosis.> NEAT1 levels are higher in
those with coronary artery disease or carotid AS plaques, and
silencing it reduces vascular endothelial cell inflammation.'?
Dou et al. discovered that NEAT]1 is abnormally high in the
serum of individuals with pulmonary hypertension, a typical
consequence of DVT.'* Unfortunately, the understanding of
NEATI1 in DVT pathophysiology is limited.

Therefore, we conducted the present investigation to explore
the clinical actions and potential mechanisms of NEATI1 in
DVT, in an attempt to contribute new insights and approaches
to the pathogenesis and management of DVT.

Materials and Methods

Ethical Approval

The Affiliated Hospital of PanZhiHua University Ethics review
board accepted the clinical protocol (approval number: 2018012).
Before the experiment, the subjects provided written informed

Table |. Baseline Characteristics of the Subjects.

Health control DVT patients
Parameters (n=82) (n=101) P value
Age (year) 50.93+10.00 5232+ 13.11 430
BMI (kg/m?) 2599 +3.48 25.94 +4.69 .944
Gender (male/female) 52/30 62/39 .878
Smoking, n (%) 34 (41.46) 49 (48.51) 373
Alcohol, n (%) 35 (42.68) 47 (46.53) .655
TC (mmol/L) 4.98+0.55 5.06 +0.41 .255
LDL-C (mmol/L) 3.16+0.84 3.31+0.69 191
HDL-C (mmol/L) 1.45+0.08 1.42+0.10 .070
Hemoglobin (g/L) 149.99 + 1620  153.32 +14.55 .145
SBP (mm Hg) 14483 +19.69 141.29+15.42 175
DBP (mm Hg) 84.87+11.01 8553 +9.14 661

Abbreviations: BMI, body mass index; HDL-C, high density lipoprotein
cholesterol; LDL-C, low density lipoprotein cholesterol; TC, total cholesterol;
SBP, systolic blood pressure, DBP, diastolic blood pressure.

consent. And the investigation was carried out following the
Helsinki Declaration.

Participants in This Research

Patients aged 18-60 years with idiopathic lower extremity DVT
first diagnosed from January 2018 to February 2020 in Affiliated
Hospital of PanZhiHua University were enrolled. Patients were
diagnosed with DVT by color Doppler ultrasound and lower
extremity angiography and were not treated with anticoagulants
or surgery before treatment. Additionally, patients with diabe-
tes, neurological disorder, coagulation disorders, cancer,
NAFLD, liver fibrosis, autoimmune system diseases, and mod-
erate infectious diseases, and women during pregnancy were
excluded. Finally, 101 patients with DVT were included in
this study. Besides, 82 healthy individuals who were examined
at the same time and matched for age and gender were collected
as controls, which had normal Doppler ultrasound tests and no
combined chronic diseases, and no statistical differences in age,
sex, and smoking demographic characteristics between individ-
uals. Biochemical indicators and demographic characteristics of
patients were recorded in Table 1. After fasting 6 h, peripheral
venous blood was collected from the patient’s median elbow
vein. The blood specimens were allowed to rest at room temper-
ature, then centrifuged at 3000 rpm for 10 min before collecting
the serum which was subsequently stored at —80°C.

Cell Culture and Transfection

HUVECSs (cat No. BNC(C342438) were acquired from the BeNa
Culture Collection (Beijing, China). And maintained in DMEM
(D6046, Sigma-Aldrich, USA) containing 10% fetal bovine
serum (16000044, Gibco, Thermo Scientific), 10% endothelial
cell growth supplement (356006, BD biosciences, USA), and
cultured at 37°C in humidified 5% CO, incubator. NEATI
small interfering (si) RNA (si-NEAT1, C02004) and its negative
control siRNA (si-NC, C03002), and overexpression plasmid
of pcDNA3.1-NEAT1 and pcDNA3.1 were acquired from
GenePharma Co. miR-218-5p mimic (miR10000275-1-5),
miR-218-5p inhibitor (miR20000275-1-5), mimic NC
(miR1N0000001-1-5), and inhibitor NC (miR2N0000001-1-5)
were all from the RIBOBIO Co. Transfection was performed
when HUVECS grew to logarithmic growth phase with a conflu-
ence of 80%. The above vector was mixed with Lipofectamine
3000 (L3000015, Invitrogen, USA) in DMEM without FBS
and then dropped into the cells. Continue to culture for 5 h fol-
lowed by a new medium.

RNA Extraction and Real-Time Quantitative Reverse
Transcription PCR (RT-qPCR)

Total RNA from subjects’serum and HUVEC cells were
isolated and extracted by Trizol LS reagent (10296010,
Invitrogen, USA). Fastking gDNA Dispelling RT SuperMix
Kit (KR118-02) and miRcute Plus miRNA First Stand cDNA
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Kit (KR211, TIANGEN, Beijing, China) reverse-transcribed
RNA after purity identification (0OD260/280=1.8-2.2) into
cDNA. The amplified reaction solution was prepared according
to the instruction of SuperReal PreMix Plus (SYBR Green,
FP205-02) or miRcute Plus miRNA gqPCR Kit (SYBR Green,
FP401, TIANGEN, Beijing, China), which contains forward
primers, reverse primers, kit reagents, and template DNA.
The system was supplemented with ddH,O to a final volume
of 20 pl. The PCR amplification reactions were performed on
ABI PRISM 7300 (ABI). GAPDH served as an internal
control of NEAT1 and GAB2, U6 was applicated as an internal
control for miR-218-5p, and the 27*4" method calculated the
relative expression levels. All experiments were repeated
three times.

Cell Proliferation and Apoptosis Assays

For cell proliferation, 1x 10* HUVCEs were inoculated into
96-well plates. After every 24 h, DMEM and cell counting
kit-8 (CCK-8, CK04, Dojindo, Japan) in a ratio of 9:1 followed
by incubation for an additional 2 h. The absorbance at 450 nm
was measured. The apoptosis was examined using the Annexin
V-FITC/PI apoptosis detection kit (556547, BD Biosciences,
USA). Specifically, transfected cells were re-suspended in a
binding buffer containing PI and FITC, protected from light,
and subsequently analyzed on a flow cytometer.

Cell Migration Assay

Transwell (3422, Corning, USA) was utilized to explore migra-
tion. Briefly, cells were resuspended in DMEM containing 1%
FBS and inoculated into the upper chamber of the Transwell.
The lower chamber was filled with 500 pl of DMEM containing
10% FBS and incubation was continued for 24 h in the incuba-
tor. After removing the cells in the upper chamber, the cells that
migrated to the lower part of the chamber were fixed with meth-
anol for 10 min and stained with crystal violet for 20 min.
Following a water rinse, cell counting was performed under a
light microscope.

Enzyme-Linked Immunosorbent Assay (ELISA)

Human serum samples and supernatant culture of HUVECs
were collected and protein expression levels of tumor necrosis
factor (TNF)-a (ab181421), IL (interleukin) —6 (IL-6,
ab178013), and IL-1p (ab229384), and intercellular adhesion
molecule 1 (ICAMI, ab174445), Vascular cell adhesion mole-
cule I(VCAM-1, ab223591) and p-selection (SELP, ab272202,
Abcam, USA) were measured in triplicate using commercial
human ELISA kits. The levels of fibrinogen (ab241383),
endothelin-1 (ET-1, ab133030), platelet-activating factor
(PAF, ab187801), tissue-type plasminogen activator (t-PA,
ab108914) and D-dimer (ab229437, Abcam, USA) were also
examined by the ELAIS.

Dual Luciferase Reporter (DLR) Assay

ENOCRI predicted the target relation for NEATI1 and
miR-218-5p, and TargetScan 7.2 for the GAB2 and
miR-218-5p. Sequences or the mutated sequences of the respec-
tive 3'- UTRs of NEAT1 and GAB2 which contain miR-218-5p
were subcloned into the pmirGLO luciferase vector (Promega).
The wild-type (WT) plasmids of NEATI-WT and GAB2-WT
and mutant (MUT) plasmids of NEAT1-MUT and GAB2-MUT
were constituted, respectively. Lipofectamine 3000 was used to
co-transfected their plasmid with miR-218-5p mimic or inhibitor.
After 48 h, cells were harvested and luciferase activity was
detected by DLR (E1960, Promega, USA).

Nuclear-Cytoplasmic Fractionation

The PARISkit (AM1921, Invitrogen, USA) was utilized to seg-
regate the cytoplasm or nucleus of NEATI. Briefly, HUVECs
were lysed on ice, subsequently collected and vortexed for
15s to ensure complete suspension of cell particles, and
hatched on ice for 10 min. Pre-chilled CERII from the kit was
then added. The cytoplasmic extract was obtained by centrifu-
gation at 1200 rpm for 5 min, followed by the collection of
the precipitate and addition to the NER reagent, which was
left on ice for 10 min. After centrifugation, the cell nuclear
extract (supernatant) was removed for RT-qPCR quantification
of NEAT1 expression in both cytoplasm and nucleus using U6
and GAPDH as nuclear and cytoplasmic controls.

RNA Immunoprecipitation (RIP) Assay

Magna RNA immunoprecipitation (RIP) kit (17-701, Millipore,
USA) was utilized to investigate the binging of miR-218-5p to
NEATI1 or GAB2. HUVECs were lyse using kit buffer and cell
extracts were incubated with magnetic beads conjugated to
human anti-Ago2 antibodies or control IgG. The samples
were collected and treated with protease K to digest the
protein and the total RNA was used to measure the expression
of NEAT1, miR-218-5p, and GAB2 by RT-qPCR analysis.

Statistical Analysis

The above experiments were conducted in triplicate and the
results were reported as mean + SD. Data analysis and charting
were performed using GraphPad Prism 6.0 and SPSS 23.0 with
statistical analysis including Student’s t-test (for two groups) and
ANOVA followed by Tukey (for multiple groups) were exam-
ined for statistical analysis. Spearman correlation was used to
explore the relationship between miRNA and LncRNA or
gene. ROC curve was employed to assess the diagnostic value
for DVT. P<.05 was indicated as statistically significant.

Results

Demographic and Clinical Characteristics of the Subjects

The baseline characteristics of the subjects are summarized in
Table 1. Age, gender, smoking, alcohol, and other demographic
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and clinical characteristics were statistically insignificant in
both groups (P<.05). However, fibrinogen, ET-1, PAF, TAT
I, t-PA, D-dimer, hs-sensitivity C-reactive protein (hs-CRP),
IL-6, and TNF-a in DVT patients were significantly higher in
patients with DVT compared to healthy controls (P<.05,
Table 2).

Elevated NEAT | Positivity Correlates with
Thromboembolic Biomarkers and has Diagnostic
Potential for DVT

To elucidate the function of NEATI in DVT, RT-qPCR was
performed. As illustrated in Figure 1A, serum NEAT1 was stat-
istically elevated in patients with DVT (1.83 +£0.54) than in
healthy controls (1.00 +0.423, P<.05). In particular, elevated
ENAT1 expression was positively correlated with venous
thromboembolic markers in patients with DVT (P<.05,
Table 3). ROC curves were conducted to evaluate the diagnos-
tic abilities of NEAT1. The AUC was 0.895 (95%CI, 0.850-
0.940), and at a cut-off value of 1.405, NEATI showed a
high diagnostic potential with a sensitivity of 86.6% and specif-
icity of 81.2% in identifying DVT patients from healthy indi-
viduals (P<.05, Figure 1B).

NEAT Inhibits Cell Proliferation and Migration,
Promotes Apoptosis, and Stimulates the Secretion of
Inflammation and Adhesion Molecule

To explore whether NEAT1 plays a role in DVT occurrence, we
transfected si-NEAT1 and pcDNA3.1-NEAT1 plasmids into
HUVECs. As illustrated in Figure 2A, the expression of
NEATI1 was typically inhibited by si-NEAT1 (0.41 +0.17) or
promoted by pcDNA3.1-NEAT1 (2.27+0.32) than the
control (1.00+0.09, P<.05). In addition, overexpression of
NEAT]1 typically suppressed cell proliferation (0.54 fold) and
migration (0.50 fold), while promoting apoptosis (0.46 fold)
in HUVECs. Conversely, si-NEAT1 enhanced cell proliferation
(1.46 fold) and migration (2.30 fold), while suppressing

Table 2. Biomarkers of Venous Thromboembolism.

Health control DVT patients

Parameters (n=82) (n=101I) P value
Fibrinogen (g/L) 299+ 1.01 3.30+0.82 .026
ET-1 (pg/mL) 47.33+9.40 51.02+9.52 010
PAF (pg/mL) 428+1.22 6.29 +1.24 <.001
TAT I (ug/L) 243+1.85 9.11 +1.04 <.001
t-PA (ng/mL) 6.66 + 1.00 897 +1.97 <.001
D-dimer (mg/L) 429 +2.0l1 9.60+5.18 <.001
hs-CRP (mg/L) 0.80+0.60 1.00+0.57 019
IL-6 (ng/L) 1.43 +0.50 341+1.85 <.001
TNF-a (ng/L) 1.34+0.37 2.65+0.84 <.001

Abbreviations: ET-1, endothelin-; t-PA, tissue type plasminogen activator; PAF,
platelet activating factor; hs-CRP, high-sensitivity C-reactive protein; TAT I,
thrombin-an-thrombin Ill; IL-6, interleukin 6; TNF-o, tumor necrosis factor o

apoptosis  (0.46 fold) compared to controls (P<.05,
Figure 2B-D). Elevated NEAT1 levels also significantly
increased concentrations of pro-inflammatory factors TNF-a
(1.61 fold), IL-1p (1.90 fold), and IL-6 (1.68 fold) compared
to controls, whereas si-NEATI led to the opposite result (P <
.05, Figure 2E). Overexpression of NEATI significantly
reduced the expression levels of adhesion factors SELP (0.47
fold), ICMA-1 (0.72 fold), and VCAM-1 (0.53 fold), while
si-NEAT]1 typically elevated their expression levels compared
to controls (P<.05, Figure 2F).

NEATI as ceRNA Competitively Binds miR-218-5p in
DvT

To investigated the potential mechanisms of NEAT1 in DVT,
we analyzed its subcellular localization and found that it is pre-
dominantly located in the cytoplasm (81.62%) of HUVECs
(Figure 3A). We then utilized biological information software
to identify miRNAs that interacted with NEAT]1, and discov-
ered a target binding sequence for miR-218-5p (Figure 3B).
DLR assay demonstrated that transfection with a miR-218-5p
mimic resulted in over a 0.5-fold decreased in luciferase activity
of NEATI-WT group (P<.05), but had insignificant effect
on luciferase activity of NEATI-MUT group (P>.05,
Figure 3C). RIP assay confirmed that both miR-218-5p (4.27
fold) and NEAT1 (4.48 fold) were enriched in the Ago-IP frac-
tion (P<.05, Figure 3D). Next, serum miR-218-5p was found
to be decrased 0.52 fold in the patients with DVT compared
to the HC group (P<.05, Figure 3E). With the increase of
NEAT]I, there was a significant downregulation in the level
of miR-218-indicating a negative correlation between them
(r=-0.699, P<.05, Figure 3F). Finally, miR-218-5p was typ-
ically by 2.06 fold increased in HUVECs that interfere with
NEATI, while overexpression of NEATI significantly by
0.27 fold eliminated miR-218-5p levels compared with controls
(P<.05, Figure 3G).

NEAT | Affects the Biological Function of HUVECs Cells
in DVT by Regulating miR-218-5p

To investigate the regulatory role of NEAT1 in DVT and its
dependence on miR-218-5p, we transfected HUVCEs overex-
pressing NEAT1 with a miR-218-5p mimic. Our results
observed a significant increase in miR-218-5p levels (2.98
fold, P<.05, Figure 4A). Furthermore, elevated NEAT1 inhib-
ited cell proliferation and migration compared to control;
however, this inhibition was significantly reversed by
miR-218-5p (P<.05, Figure 4B-C). Additionally, promotion
of apoptosis in HUVECs by NEATI was significantly
reduced (0.64 fold) by miR-218-5p (P<.05, Figure 4D).
What’s more, NEAT1 significantly increased the overproduc-
tion of inflammatory factors TNF-a (1.50 fold), IL-1p (1.53
fold) and IL-6 (1.46 fold) and adhesion factors SELP (1.89
fold), ICMA-1 (1.54 fold) and VCAM-1 (1.51 fold), but this
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Figure |. Serum NEATI expression in DVT patients and its diagnostic value. A. RT-qPCR was applicated to explore the expression of NEAT |
in the subjects. B. ROC curves were carried out to evaluate the potential diagnostic capacity of NEATI. *** P<.001 versus HC group.

Table 3. Correlation of NEATI Expression and Biomarkers of
Venous Thromboembolism.

NEAT I expression

Parameters r P value
Fibrinogen (g/L) 0.541 <.001
ET-1 (pg/mL) 0.697 <.001
PAF (pg/mL) 0.669 <.001
TAT I (ug/L) 0.651 <.001
t-PA (ng/mL) 0.640 <.001
D-dimer (mg/L) 0.789 <.001
hs-CRP (mg/L) 0.424 <.001
IL-6 (ng/L) 0.645 <.001
TNF-a (ng/L) 0.685 <.001

Abbreviations: ET-1, endothelin-; t-PA, tissue type plasminogen activator; PAF,
platelet activating factor; hs-CRP, high-sensitivity C-reactive protein; TAT Il
thrombin-an-thrombin Ill; IL-6, interleukin 6; TNF-o, tumor necrosis factor o

increase was typically attenuated by miR-218-5p (P<.05,
Figure 4E-F).

NEAT| Regulates GAB2 Expression Through
Competitive Binding of miR-218-5p

To identify the target of miR-218-5p, TargetScan 7.2 predicted
a putative binding site for GAB2 to miR-218-5p (Figure 5A).
DLR analysis confirmed that the relative luciferase activity of
GAB2-WT was typically (0.51 fold) reduced by a
miR-218-5p mimic in HUVECs, whereas there was no signifi-
cant difference in luciferase activity for NEAT1-MUT (P <.05,
Figure 5B). RIP assay confirmed significant enrichment of
NEATI (4.13 fold), miR-218-5p (6.04 fold), and GAB2 (8.10
fold) in Ago within HUVECs (P<.05, Figure 5C). Further

experiments revealed that serum GAB2 was upregulated by in
2.10-fold in the patients with DVT (P<.05, Figure 5D) and
exhibited a negative correlation with miR-218-5p (r=-0.627,
P<.05, Figure 5E) as well as a positive correlation with
NEAT1 (r=0.601, P<.05, Figure 5F). Additionally, DLR
also found that the reduction (0.38 fold) of GAB2-WT lucifer-
ase activity by miR-218-5p mimic was elevated (2.30 fold) by
overexpression of NEAT1 (P<.05, Figure 5G). miR-218-5p
was (2.16 fold) elevated in NEAT1 overexpressing HUVECs,
but this elevation was typically (0.68 fold) abolished by
miR-218-5p (P<.05, Figure 5H).

Discussion

DVT is a prevalent arteriovenous thromboembolic disease. Due
to its insidious onsent rapid progression, and partially asymp-
tomatic characteristics, numerous laboratory biomarkers have
been explored for reliable diagnosis of DVT. Although
D-dimer is currently the only and best diagnostic biomarker
for DVT, its ground specificity discounts its diagnostic value
as it is also highly expressed in non-thrombotic diseases such
as disseminated vascular coagulation, stroke, and infection.'?
Additionally, while anticoagulation (heparin anticoagulation,
vitamin K anticoagulation), vena cava filters, thrombolysis
(urease, streptokinase, tissue fibrinogen activator), and throm-
bus extraction are utilized in the treatment of DVT treatment,'®
their efficacy is always guaranteed.

In recent years, numerous studies have highlighted the irre-
placeable role of ncRNAs, particularly LncRNAs and miRNAs
in the diagnosis and treatment of cardiovascular diseases, espe-
cially DVT, such as LncRNA TUGI,"”” MALATI,"
sirT1-AS1."” NEATI has been implicated in various patholo-
gies. For example, NEAT1 is upregulated in the blood of
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Figure 2. NEATI inhibits cell proliferation and migration, promotes apoptosis, and regulates levels of inflammatory and adhesion

factors. A. RT-qPCR was applied to resolve NEAT levels in HUVECs transfected with si-NEAT | and pcDNA3.1-NEAT | plasmids. CCK-8 (B),
Transwell (C), and flow cytometry (D) to detect the effects of NEATI on cell proliferation, migration, and apoptosis, respectively. ELISA assay
was conducted to monitor the effect of NEATI on the levels of inflammatory factors (E) and adhesion factors (F). * P<.05, ** P<.0l, *** P<

.001 versus control.

patients with coronary artery disease and human coronary artery
endothelial cells,?® as well as elevated in the peripheral blood of
patients with acute ischemic stroke, serving as a prognostic bio-
marker.>! Hypertension and diabetes can lead to vascular endo-
thelial cell damage and thrombosis formation due to metabolic
disorders.> Additionally, NEAT1 has been shown to participate
in the alleviation of diabetic retinopathy through crocetin treat-
ment.?* High glucose induces a time-dependently upregulates
of NEAT1 expression, which is elevated in diabetic nephropa-
thy and accelerates proliferation, oxidative stress, and inflam-
mation.”> Additionally, the increase in NEATI activates
autophagy and exacerbates myocardial ischemia injury in dia-
betic rats.>* Furthermore, AS leads to luminal narrowing of
the blood vessel and increased blood viscosity, both of which
can contribute to thrombosis. Trimethylamine N-oxide
(TMAO) induced endothelial cell dysfunction and increased
NEATI1 expression in atherosclerotic (AS) patients when it
enhanced the thickened inner and outer vessel walls as well
as membrane plaques.>® Given the potential function of
NEAT]I in the above thrombosis-related disease, we hypothe-
sized that it may also play a significant role in DVT. Our find-
ings confirmed our hypothesis as NEATI expression was
significantly elevated in DVT patients and showed a positive

correlation with conventional thrombus biomarkers. These
results suggest that serum NEAT] has diagnostic value for dis-
tinguishing DVT patients from healthy individuals. Thrombosis
is the formation of an occlusive blood clot within a blood
vessel, resulting inobstruction of blood flow and reduced deliv-
ery of nutrients and oxygen to distant tissues. Ultimately, throm-
bosis may lead to tissue and organ necrosis.”® Previous studies
have confirmed that vessel wall damage, changes in blood
flow, and abnormal blood composition are the three most signifi-
cant factors contributing to thrombosis.**” And the thrombotic
process involves vascular endothelial cells, coagulation/anticoa-
gulation system, fibrinolytic/antifibrin system, platelets, inflam-
mation, and other factors.?® Among them, vascular wall
damage is caused by endothelial damage of blood vessels.
Endothelial cells act as a barrier separating the blood from sur-
rounding tissues and play an indispensable role in the hemostatic
system. Normal endothelial cells can express anticoagulant mol-
ecules that inhibit platelet aggregation and fibrin formation.
However, when endothelial cell damage or apoptosis impair-
scells damage or apoptosis impairs their normal anticoagulant
effect, promoting thrombosis, and affecting intravascular reactive
substance levels to aggravate thrombosis.*° The importance of
vascular endothelial cells necessitates investigation into
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Figure 3. NEATI as ceRNA competitively binds miR-218-5p in DVT. A. Subcellular localization analysis of NEAT| in HUVECs. B. ENOCRI
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between serum miR-218-5p and NEAT] levels. G. RT-qPCR analysis of miR-218-5p expression in HUVECs. The data were presented as the
mean + SD of three independent experiments. *** P<.00| versus control or HC group.

mechanisms in vitro. Mechanistically, we found that NEAT] sig-
nificantly inhibited HUVECS proliferation and migration while
increasing apoptosis. A significant positive correlation was
found between NEATI1 and vasoconstrictors ET-1, which sug-
gested that blood vessel walls were damaged. Additionally,
d-dimer is a distinctive product resulting from the crosslinking
of birdbrain monomers by activating factors and subsequent
hydrolysis by plasminase. It serves as a molecular marker that
reflects the fibrinolytic activation of coagulation and indicates
the formation of thrombosis. A significant positive correlation
between NEAT1 and d-dimer was also found in our study.
Additionally, both PAF and TAT III were also positively corre-
lated with NEAT], suggesting the relevance of NEATI to coag-
ulation and fibrinolytic activation in thrombus in the pathological
progression of DVT.

Furthermore, the DVT process is closely associated with
inflammatory factors. Elevated levels of IL-6 have been reported
in patients with DVT, and persistently dysregulated IL-6 can lead
to tissue damage and plays an important role in the inflammatory
injury of vascular endothelium.>* TNF-o has been found to gen-
erate free radicals that harm vascular endothelial cells, cause
vasoconstriction, exacerbate clotting conditions, and promote
thrombosis. this can result in cerebral ischemia, hypoxia, and
even more severe consequences.’' It is well known that
ICAM-1, VCAM-1, and SELP, as adhesion molecules, are
markers of vascular function.*® In our study, the NEAT1 overex-
pression group exhibited significantly elevated levels of

inflammatory and adhesion factors. Therefore, it can be con-
cluded that NEAT1 may contribute to vascular endothelial dys-
function by promoting the apoptosis of vascular endothelial
cells and the secretion of inflammatory and adhesion factors.

In general, IncRNAs can function as competing endogenous
RNAs (ceRNAs) for microRNAs (miRNAs) to regulate gene
expression and thus participate in disease progression.
Therefore, we investigated the potential miRNA and mRNA of
NEATI in DVT. miR-218-5p has been identified to have poten-
tial binding sites with NEAT1. miR-218-5p is down-regulated in
atherosclerosis of endothelial dysfunction®® and is a biological
marker for its early clinical diagnosis.*® It was decreased in
glucose-induced human retinal pigment epithelial cells** and
up-regulated to relieve diabetic nephropathy.®> miR-218-5p is
also implicated in the common complication of DVT, chronic
obstructive pulmonary disease.’*® Endothelial progenitor cells
(EPCs) are precursors to vascular endothelial precursor cells,
and previous studies have shown that EPCs are recruited into
thrombi to accelerate their lysis.*” miR-218-5p has been reported
to play a role in regulating EPCs function.*® More importantly,
Zhang et al. conducted a study on numerous miRNAs that
were differentially expressed in rat DVT. In this study,
miR-218-5p was identified and its targeting relationship with
NEATI was demonstrated in breast cancer.® And the targeting
relationship between miR-218-5p and NEAT1 has been demon-
strated in breast cancer.*® As previously demonstrated, our find-
ings confirm the targeting between the NEAT1 ad miR-218-5p,
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Figure 4. NEAT| affects the biological function of HUVECs cells in DVT by regulating mir-218-5p. A. RT-qPCR was applied to resolve
miR-218-5p levels in HUVECs transfected with pcDNA3.1-NEAT| and miR-218-5p mimic plasmids. CCK-8 (B), Transwell (C), and flow
cytometry (D) to detect the effects of miR-218-5p and NEAT | on cell proliferation, migration, and apoptosis, respectively. ELISA assay was
conducted to monitor the effect of miR-218-5p on the levels of inflammatory factors (E) and adhesion factors (F). * P<.05, ** P<.0l, ** P<
.001 versus pcDNA3.1; # P<.05, ## P<.0l, ### P<.00l versus mimic NC + pcDNA3.I-NEATI.

which is down-regulated in patients with DVT Additionally, we
observed that miR-218-5p also weakened the promoting effect
of NEAT1 on the dysfunction of HUVECs cells. miR-218-5p
targets GAB2 in cerebral ischemia-reperfusion injury*® and
malignant transformation of esophageal carcinoma epithelial
cells.*! Additionally, GAB2 has been implicated in the forma-
tion of DVT and regulation of thrombus inflammation.** Our
study also confirms miR-218-5p’s targeting ofGAB2, reveal-
ing a negative correlation between them while also identifying
a positive correlation between GAB2 and NEATI1. Serum
levels of GAB2 were found to be up-regulated in patients
with DVT.

It is undeniable that although we have confirmed the potential
of NEATI as a biomarker for patients with DVT, it should be
noted that NEAT1 is frequently overexpressed in human tumors
and its expression has been linked to reduced survival rates
among cancer patients. NEAT1 has been identified as a novel bio-
marker for different types of cancer and also promotes the progres-
sion of non-alcoholic fatty liver disease (NAFLD), liver fibrosis,
and so on. However, upon implementing stringent inclusion and
exclusion criteria, we have discovered that its expression levels
can significantly distinguish patients with DVT. While its clinical

application remains distant, our study has laid the groundwork for
future investigations. Furthermore, based on our current results we
found that NEAT1 may be involved in various pathological states
of DVT. Firstly, it affected the proliferation, apoptosis, and inflam-
matory damage of HUVECs, suggesting that NEAT1 may be
involved in endothelial damage. Also, t-PA as a product of endo-
thelial injury and fibrinolytic system activation confirms this view.
Furthermore, the association of NEAT1 with Fibrinogen and
D-dimer suggests its involvement in the hypercoagulable state as
a procoagulant in DVT. However, the mechanism of the specific
impact still needs further in-depth study, which will be the focus
of our next studies.

In general, elevated NEATI is a potential diagnostic bio-
marker for DVT and is involved in vascular endothelial cell
dysfunction in DVT through the miR-218-5p/GAB2 axis. Our
study suggests new perspectives and possibilities for the treat-
ment and diagnosis of DVT.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.



Wang et al

A

@
@

[

-

>

Relative expression of NEAT1 =T
ad
Relative luciferase activity G)

o 4

0.5 1.0 1.5
Relative expression of GAB2

Relative expression of miR-218-5p rrl

1 2 3
Relative expression of GAB2

pmirGLO pgk, p
—l 33 Control
Vector IEIEEER 2251 =2 inhibitr NC @ miR-218-5p mimic
2 B mimicNC @8 miR-218-5p inhibitor
320 =
3
GAB2-WT: 5'acauucccagaacagaaAGCACAA 3' E 8
[N 10
miR-218-5p 5' uguaccaaucuaguUCGUGUU 3' ©
205
=
GAB2-WT: 5'acauucccagaacagaaUCGUGUU 3' & 00
GAB2-WT GAB2-MUT
5 15
54r=-0627 r= 0601
P <0.001 P<0.001
4 ¢ o°°

O

o

=3 anti-lgs
= anti-Ago2

e

IS

©

s

~

Relative enrichment

Relative expression of GAB2

>

NEAT1

miR-218-5p GAB2

»

mimic NC
miR-218-5p mimic
miR-218-5p mimic+pcDNA3.1-NEAT1

@

Relative expression of GAB2 I
N

GAB2-MUT

Figure 5. NEATI regulates GAB2 expression through competitive binding of miR-218-5p. A. TargetScan 7.2 predicted the targeting binding
sequence between miR-218-5p and GAB2. B. The targeting relationship between miR-218-5p and GAB2 was determined by the Dual luciferase
reporting (DLR) assay. C. Enrichment of NEAT |, miR-218-5p, and GAB2 were analyzed by RIP and RT-qPCR assay. D. Serum GAB?2 levels in
patients with DVT. Correlation of GAB2 levels with miR-218-5p (E) and NEAT | (F), respectively. G. DLR has conducted the effect of NEAT |
and miR-218-5p on the luciferase activity of GAB2-WT and GAB2-MUT. H. RT-qPCR analysis of the effect of NEAT| and miR-218-5p levels on
GAB2 expression. * P<.05, ** P<.0l, *** P<.00| versus control or anti-Ago2 or HC; ## P<.0l, ### P<.00| versus mimic NC +

pcDNA3.I-NEAT; &&& P<.05 versus miR-218-5p mimic.

Ethics Approval 2. LuJ, Fang Q, Ge X. Role and mechanism of mir-5189-3p in deep
The clinical program was endorsed by the Affiliated Hospital of vein  thrombosis of lower extremities. Ann  Vasc Surg.
PanZhiHua University Ethics review board, written informed consent 2021;77:288-295.
was secured, and the investigation was carried out under the 3. Cao G, Zhou H, Wang D, Xu L. Knockdown of IncRNA XIST
Declaration of Helsinki. ameliorates IL-1beta-induced apoptosis of HUVECs and change
of tissue factor level via miR-103a-3p/HMGBI1 axis in deep
venous thrombosis by regulating the ROS/NF-kappaB signaling
Funding pathway. Cardiovasc Ther. 2022;2022:6256384.
The author(s) received no financial support for the research, author- 4. JinJ, Wang C, Ouyang Y, Zhang D. Elevated miR-195-5p expres-
ship, and/or publication of this article sion in deep vein thrombosis and mechanism of action in the reg-
ulation of vascular endothelial cell physiology. Exp Ther Med.
2019;18(6):4617-4624.
Informed Consent 5. Jiang Z, Ma J, Wang Q, Wu F, Ping J, Ming L. Circulating
Written informed consent was obtained from the patient(s). microRNA expression and their target genes in deep vein throm-
bosis: A systematic review and bioinformatics analysis. Medicine
(Baltimore). 2017;96(50):¢9330.
ORCID iD 6. Jin QQ, Sun JH, Du QX, et al. Integrating microRNA and messen-
Hongyu Yang https:/orcid.org/0009-0005-1182-1845 ger RNA expression profiles in a rat model of deep vein thrombo-
sis. Int J Mol Med. 2017;40(4):1019-1028.
7. Zeng R, Song XJ, Liu CW, Ye W. LncRNA ANRIL promotes
References angiogenesis and thrombosis by modulating microRNA-99a and
1. SunLL, Xiao L, Du XL, et al. MiR-205 promotes endothelial pro- microRNA-449a in the autophagy pathway. Am J Transl Res.
genitor cell angiogenesis and deep vein thrombosis recanalization 2019;11(12):7441-7448.
and resolution by targeting PTEN to regulate Akt/autophagy 8. Sun LL, Lei FR, Jiang XD, et al. LncRNA GUSBP5-AS promotes

pathway and MMP2 expression. J Cell Mol Med. 2019;23(12):
8493-8504.

EPC migration and angiogenesis and deep vein thrombosis resolu-
tion by regulating FGF2 and MMP2/9 through the miR-223-3p/


https://orcid.org/0009-0005-1182-1845
https://orcid.org/0009-0005-1182-1845

Clinical and Applied Thrombosis/Hemostasis

9.

11.

12.

13.

15.

16.

17.

18.

20.

21.

FOXO1/Akt pathway. Aging (Albany NY). 2020;12(5):4506-
4526.

Du B, Wang J, Zang S, Mao X, Du Y. Long non-coding RNA
MALAT]I suppresses the proliferation and migration of endothe-
lial progenitor cells in deep vein thrombosis by regulating the
WNT/beta-catenin pathway. Exp Ther Med. 2020;20(4):3138-
314e.

. Ali MA, Shaker OG, Khalifa AA, Ezzat EM, Elghobary HA,

Abdel Mawla TS, et al. LncRNAs NEATI1, HOTAIR, and
GASS5 expression in hypertensive and non-hypertensive associ-
ated cerebrovascular stroke patients, and its link to clinical charac-
teristics and severity score of the disease. Noncoding RNA Res.
2023;8(1):96-108.

Zhang X, Guan MX, Jiang QH, et al. NEAT1 Knockdown sup-
presses endothelial cell proliferation and induces apoptosis by reg-
ulating miR-638/AKT/mTOR signaling in atherosclerosis. Oncol
Rep. 2020;44(1):115-125.

Guo JT, Wang L, Yu HB. Knockdown of NEAT1 mitigates
ox-LDL-induced injury in human umbilical vein endothelial
cells via miR-30c-5p/TCF7 axis. Eur Rev Med Pharmacol Sci.
2020;24(18):9633-9644.

Vlachogiannis NI, G, et al
Adenosine-to-inosine alu RNA editing controls the stability of

Sachse M, Georgiopoulos

the pro-inflammatory long noncoding RNA NEAT] in atheroscle-
rotic cardiovascular disease. J Mol Cell Cardiol. 2021;160:111-
120.

. DouX,MaY,QinY,etal. NEAT1 silencing alleviates pulmonary

arterial smooth muscle cell migration and proliferation under
hypoxia through regulation of miR-34a-5p/KLF4 in vitro. Mol
Med Rep. 2021;24(5):749.

Shakoor A, Chen S, Hyde J, et al. Utility of D-dimers in
COVID-19 patients requiring extracorporeal membrane oxygena-
tion. ASAIO J. 2022;68(10):1241-1248.

Lou Z, Ma H, Li X, Zhang F, Du K, Wang B. Hsa_circ_0001020
accelerates the lower extremity deep vein thrombosis via sponging
miR-29¢c-3p to promote MDM2 expression. Thromb Res.
2022;211:38-48.

Feng Y, Lei B, Zhang H, et al. Long noncoding RNA TUGI
induces angiogenesis of endothelial progenitor cells and dissolu-
tion of deep vein thrombosis. Thromb J. 2022;20(1):54.

Wang H, Lin S, Yang Y, Zhao M, Li X, Zhang L. Significant role
of long non-coding RNA MALATI in deep vein thrombosis via
the regulation of vascular endothelial cell physiology through
the microRNA-383-5p/BCL2L11 axis. Bioengineered. 2022,
13(5):13728-13738.

. LouZ, Zhu J, Li X, et al. LncRNA Sirt1-AS upregulates Sirtl to

attenuate aging related deep venous thrombosis. Aging (Albany
NY). 2021;13(5):6918-6935.

Zhang H, Ji N, Gong X, Ni S, Wang Y. NEAT1/miR-140-3p/
MAPKI1 Mediates the viability and survival of coronary endothe-
lial cells and affects coronary atherosclerotic heart disease. Acta
Biochim Biophys Sin (Shanghai). 2020;52(9):967-974.

Li P, Duan S, Fu A. Long noncoding RNA NEATI correlates
with higher disease risk, worse disease condition, decreased
miR-124 and miR-125a and predicts poor recurrence-free

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

survival of acute ischemic stroke. J Clin Lab Anal. 2020;34(2):
€23056.

Chen Q, Xi X, Ma J, et al. The mechanism by which crocetin reg-
ulates the IncRNA NEAT1/miR-125b-5p/SOX7 molecular axis to
inhibit high glucose-induced diabetic retinopathy. Exp Eye Res.
2022;222:109157.

Wu X, Fan D, Chen B. LncRNA NEAT1 accelerates the prolifer-
ation, oxidative stress, inflammation, and fibrosis and suppresses
the apoptosis through the miR-423-5p/GLIPR2 axis in diabetic
nephropathy. J Cardiovasc Pharmacol. 2022;79(3):342-354.

Ma M, Hui J, Zhang QY, Zhu Y, He Y, Liu XJ. Long non-coding
RNA nuclear-enriched abundant transcript 1 inhibition blunts
myocardial ischemia reperfusion injury via autophagic flux
arrest and apoptosis in streptozotocin-induced diabetic rats.
Atherosclerosis. 2018;277:113-122.

Liu A, Zhang Y, Xun S, Sun M. Trimethylamine N-oxide pro-
motes atherosclerosis via regulating the enriched abundant tran-
script 1/miR-370-3p/signal transducer and activator of transcription
3/flavin-containing monooxygenase-3 axis. Bioengineered. 2022;
13(1):1541-1553.

Du X, Hong L, Sun L, et al. miR-21 induces endothelial progen-
itor cells proliferation and angiogenesis via targeting FASLG and
is a potential prognostic marker in deep venous thrombosis. J
Transl Med. 2019;17(1):270.

Pan Z, Zhang Y, Li C, et al. MiR-296-5p ameliorates deep venous
thrombosis by inactivating S100A4. Exp Biol Med (Maywood).
2021;246(21):2259-2268.

Wu'Y, Xin M, Han Q, et al. Extensive serum biomarker analysis in
the prethrombotic state of recurrent spontaneous abortion. J Cell
Mol Med. 2021;25(14):6679-6694.

Wang S, Jia R, Pang G. Clinical characteristics of patients with
pulmonary thromboembolism based on computer statistical analy-
sis. J Healthc Eng. 2022;2022:1112960.

Zhang Y, Zhang Z, Wei R, et al. IL (Interleukin)-6 contributes to
deep vein thrombosis and is negatively regulated by miR-338-5p.
Arterioscler Thromb Vasc Biol. 2020;40(2):323-334.

Li M, Wang J, Wang X, Li G. Clinical efficacy of aspirin com-
bined with clopidogrel in treating cerebral infarction and its
effect on serum hs-CRP, sICAM-1 and TNF-alpha. Exp Ther
Med. 2020;19(2):939-944.

Mao P, Liu X, Wen Y, Tang L, Tang Y. LncRNA SNHGI12
regulates ox-LDL-induced endothelial cell injury by the
miR-218-5p/IGF2 axis in atherosclerosis. Cell Cycle. 2021,
20(16):1561-1577.

Sharma AR, Sharma G, Bhattacharya M, Lee SS, Chakraborty C.
Circulating miRNA in atherosclerosis: A clinical biomarker and
early diagnostic tool. Curr Mol Med. 2022;22(3):250-262.

Yao R, Yao X, Liu R, Peng J, Tian T. Glucose-induced
microRNA-218 suppresses the proliferation and promotes the apo-
ptosis of human retinal pigment epithelium cells by targeting
RUNX2. Biosci Rep. 2019;39(12):BSR20192580.

LiM, Guo Q, Cai H, Wang H, Ma Z, Zhang X. miR-218 regulates
diabetic nephropathy via targeting IKK-beta and modulating
NK-kappaB-mediated inflammation. J Cell Physiol. 2020;235(4):
3362-3371.



Wang et al

36.

37.

38.

39.

Song J, Wang Q, Zong L. LncRNA MIR155HG contributes to
smoke-related chronic obstructive pulmonary disease by targeting
miR-128-5p/BRD4 axis. Biosci Rep. 2020;40(3):BSR20192567.
LiY, GeJ, Yin Y, Yang R, Kong J, Gu J. Upregulated miR-206
aggravates deep vein thrombosis by regulating GJA1-mediated
autophagy of endothelial progenitor cells. Cardiovasc Ther.
2022;2022:9966306.

Wang X, Liu J, Yin W, et al. miR-218 expressed in endothelial
progenitor cells contributes to the development and repair of the
kidney microvasculature. Am J Pathol. 2020;190(3):642-659.
Ren J, Chen Y, Kong W, Li Y, Lu F. Tumor protein D52 promotes
breast cancer proliferation and migration via the long non-coding

40.

41.

42.

RNA NEAT1/microRNA-218-5p axis. Ann Transl Med. 2021,
9(12):1008.

Ji H, Li H, Zhang H, Cheng Z. Role of microRNA-218-5p in
sevoflurane-induced protective effects in hepatic ischemia/reper-
fusion injury mice by regulating GAB2/PI3 K/AKT pathway.
Mol Med Rep. 2022;25(1):1.

Zhang Y, Zheng Y, Pan E, et al. Synergism of HPV and MNNG
repress miR-218 promoting het-1A cell malignant transformation
by targeting GAB2. Toxicology. 2021;447:152635.

Kondreddy V, Keshava S, Das K, Magisetty J, Rao LVM, Pendurthi
UR. The Gab2-MALT1 axis regulates thromboinflammation and
deep vein thrombosis. Blood. 2022;140(13):1549-1564.



	 Introduction
	 Materials and Methods
	 Ethical Approval
	 Participants in This Research
	 Cell Culture and Transfection
	 RNA Extraction and Real-Time Quantitative Reverse Transcription PCR (RT-qPCR)
	 Cell Proliferation and Apoptosis Assays
	 Cell Migration Assay
	 Enzyme-Linked Immunosorbent Assay (ELISA)
	 Dual Luciferase Reporter (DLR) Assay
	 Nuclear-Cytoplasmic Fractionation
	 RNA Immunoprecipitation (RIP) Assay
	 Statistical Analysis

	 Results
	 Demographic and Clinical Characteristics of the Subjects
	 Elevated NEAT1 Positivity Correlates with Thromboembolic Biomarkers and has Diagnostic Potential for DVT
	 NEAT1 Inhibits Cell Proliferation and Migration, Promotes Apoptosis, and Stimulates the Secretion of Inflammation and Adhesion Molecule
	 NEAT1 as ceRNA Competitively Binds miR-218-5p in DVT
	 NEAT1 Affects the Biological Function of HUVECs Cells in DVT by Regulating miR-218-5p
	 NEAT1 Regulates GAB2 Expression Through Competitive Binding of miR-218-5p

	 Discussion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


