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ARTICLE INFO ABSTRACT

Background: Cardiovascular (CV) diseases are major causes of mortality in uremic patients. Conventional risk
factors fail to identify uremic patients with increased propensity for adverse CV outcomes. We aimed to test
the hypothesis that circulating long noncoding RNAs (IncRNAs) could be a prognostic marker to predict adverse
CV outcomes in uremic patients.

Methods and results: Plasma IncRNAs were profiled in patients with end-stage renal disease (ESRD, n = 28) or
chronic kidney disease (CKD, n = 8) and in healthy (n = 12) subjects by RNA sequencing. A total of 179 IncRNAs
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ﬁﬁ:i@dg&odmg RNA were significantly dysregulated with ESRD; the expression signature of plasma IncRNAs distinguished ESRD from
Plasma both CKD and control samples. Analysis on a microarray dataset obtained from renal biopsy samples of patients
Uremia with advanced kidney disease (GSE66494) revealed that a significant proportion of plasma IncRNAs (30.7%) and
Adverse cardiovascular events mRNAs (49.5%) dysregulated with uremia were similarly dysregulated in diseased kidneys, suggesting that
Biomarker plasma RNA profiles mirror the transcriptomal changes in diseased kidney tissues. Further analyses identified

Endothelial dysfunction eight plasma IncRNAs as potential predictors of adverse CV outcomes in uremic patients. Validation study in

an independent cohort of ESRD patients (n = 111) confirmed that elevated plasma IncRNA DKFZP43410714 is
a significant independent predictor of adverse CV outcomes in uremic patients. Additional experiments demon-
strated the functional involvement of DKFZP43410714 in the pathogenesis of endothelial dysfunction.
Conclusions: In summary, plasma IncRNA expression signature reflects the disease states of uremia. Elevated
plasma levels of IncRNA DKFZP43410714 in uremic patients portend a worse CV outcome and warrant closer
monitoring and more aggressive management.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Cardiovascular (CV) diseases are the major cause of morbidity and
mortality in patients with end-stage renal disease (ESRD), accounting
for nearly 50% of deaths in this population [1,2]. It is estimated that
80% of ESRD patients with maintenance hemodialysis (HD) have one
or more types of CV diseases including coronary artery disease (CAD),
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arrhythmia, heart failure (HF) and peripheral artery disease (PAD) [3].
In particular, endothelial dysfunction, the precursor to CAD and PAD,
are highly prevalent in uremic patients [4]. Traditional risk factors, how-
ever, are much less predictive of adverse CV complications in ESRD
patients [5], and biochemical markers for cardiac ischemia/injury are
often unreliable with uremia [6]. In order to develop practical surveil-
lance tools, prognostic indicators and therapeutic strategies, there is a
clear need to identify novel mediators and biomarkers of CV complica-
tions in uremic patients.

Long noncoding RNAs (IncRNAs) are a heterogeneous group of non-
coding transcripts longer than 200 nucleotides, which have been shown
to be functionally involved in the pathogenesis of cancer [7,8] neurode-
generative [9-11] and CV diseases [12-14] through diverse mechanisms
including epigenetic modification, transcriptional, post-transcriptional
and translational regulation. The wide-range functions of IncRNAs
appear to depend both on sequence homology/complementarity with
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other nucleic acids and their secondary/tertiary structures that form
frameworks and scaffolds for the assembly of macromolecular com-
plexes [15]. While the roles of IncRNAs in various biological processes
are beginning to emerge, research exploring the functional roles of
IncRNAs in uremia and associated CV complications remains sparse.
LncRNAs have been shown to be dysregulated in mesangial proliferative
glomerulonephritis [16] and acutely rejected renal allograft [17]. In ad-
dition, IncRNA Pvt1 has been demonstrated to mediate the glomerular
extracellular matrix accumulation in diabetic nephropathy [18]. A sub-
set of IncRNAs was also shown to be associated with transforming
growth factor 3/Smad3-mediated renal inflammation and fibrosis
[19]. Recently, a circulating IncRNA TapSaki was found to be an indepen-
dent predictor of mortality in critically ill patients with acute kidney
injury [20]. In addition, IncRNAs ZAP70 and BC133674 were found to
be aberrantly expressed in the peripheral blood mononuclear cells of
uremic patients [21].Taken together, current evidence suggests that
IncRNAs are involved in renal and cardiovascular health and diseases,
adding another layer of complexity on top of the already complicated
genome and proteome regulation.

In the present study, we sought to test the hypothesis that circu-
lating IncRNA expression profiles may reflect the disease status of
uremia and could serve as a reliable biomarker to predict adverse CV
outcomes in uremic patients. Exploiting RNA sequencing (RNASeq)-
based plasma transcriptome profiling, we identified a circulating
IncRNA expression signature that mirrored the underlying kidney
pathology as well as distinguished ESRD patients from healthy subjects
and patients with chronic kidney diseases (CKD). Further analyses
revealed that multiple circulating IncRNAs were linked to adverse CV
outcomes in ESRD patients. Of these, elevated IncRNA DKFZP43410714
level [22] was validated to be an independent predictor of adverse CV
outcomes in patients with uremia. In addition, DKFZP43410714 was
strongly induced in human aortic endothelial cells (HAEC) stressed
with hypoxia; knocking down DKFZP43410714 repressed the transcript
expression of intracellular adhesion molecule 1 (ICAM-1) and vascular
cells adhesion molecule 1 (VCAM-1) while enhancing the expression
of endothelial nitric oxide synthase (eNOS) in HAEC. In addition,
DKFZP43410714 knockdown reduced hypoxic stress-induced endothe-
lial cell apoptosis and monocyte adhesion. These experimental results
suggest a potential role of DKFZP43410714 in the pathogenesis of endo-
thelial dysfunction, vascular inflammation and atherosclerosis, the hall-
marks of vascular complications associated with uremia.

2. Material and methods

This section is described in the Online Data Supplement. All studies were conducted in
accordance with the Declaration of Helsinki and protocols approved by the institutional re-
view boards of National Taiwan University and Washington University in St Louis. A writ-
ten informed consent was obtained from each of the study subjects. All high-throughput
sequencing data have been submitted to the National Center for Biotechnology Informa-
tion gene and hybridization array data repository (GEO ID: GSE97709).

3. Results

3.1. Deep sequencing of plasma RNA identified a uremia-specific RNA
expression signature that mirrors pathological changes in diseased kidneys

The workflow of circulating IncRNA profiling and validation in
uremic patients is provided in Fig. 1A. During the exploratory study
phase, plasma RNA samples were prepared from a cohort of 48 subjects
(28 ESRD, 8 CKD and 12 control) followed by RNASeq to profile circu-
lating IncRNAs and mRNAs. The characteristics of the exploratory study
cohort were comparable between groups (Supplemental Table S1).

A total of 422 million sequencing reads were obtained from 48 se-
quencing libraries, and >410 million reads were mapped to the human
genome (>98%). The expression levels of individual transcript were
presented as reads per million mapped reads (RPMR, see Methods
in the Online Data Supplement). Using the criterion that a transcript

must be expressed at >0.1 RPMR in >2 sequencing libraries, RNASeq
detected 19,312 transcripts in human plasma, including 1897 IncRNAs
and 17,415 mRNAs (Supplemental Table S2). Among the circulating
IncRNAs detected in human plasma, 179 (118 up and 61 down)
were significantly (absolute fold-change > 2, adjusted P<0.001) dysreg-
ulated in ESRD, compared with control, samples (Supplemental
Table S3); however, less than one-fifth (33 out of 179, 18.4%) of these
IncRNAs showed similar dysregulation in CKD subjects (Supplemental
Table S3). Unsupervised hierarchical clustering analysis demonstrated
that the expression profile of these 179 IncRNAs distinguished ESRD
from CKD/control samples (Fig. 1B). However, the plasma IncRNA ex-
pression profiles failed to discriminate control subjects from CKD
patients.

As disease-associated circulating, cell-free RNAs often derive from
exosomes or microvesicles released by cells/tissues in diseased organs
[23], we hypothesized that a significant proportion of uremia-
associated plasma RNAs might come from malfunctioning kidney
tissues and reflect the transcriptomal changes in diseased kidneys. To
test this hypothesis, we analyzed the microarray data from an indepen-
dent, historical cohort of human kidney samples with advanced renal
dysfunction (53 advanced CKD and 8 control samples, GSE 66494)
[24]. Among the 179 plasma IncRNAs dysregulated with ESRD, 65
could be detected by the probes on the arrays used in GSE66494,
among which 30.7% (20 out of 65) were found to be concordantly
dysregulated in diseased kidney tissues (Fig. 1C and Supplemental
Table S3). Similarly, 49.5% of the 2142 (all were detectable in
GSE66494) plasma mRNAs dysregulated in ESRD patients were found
to be congruently dysregulated in the 53 diseased human kidney tissues
(Fig. 1C). Taken together, these data suggest that plasma RNA expres-
sion signature reflects the disease status of advanced renal dysfunction
and mirrors, at least partially, the changes in coding and noncoding
transcriptome in diseased kidney tissues.

We [14] and others [25,26] have previously shown that a significant
proportion of IncRNAs function through modulating transcriptional ex-
pression of neighboring (or cis-) mRNAs (cis-regulation). Consistent
with this notion, close to half (88 out of 179, 49%) of the neighboring
mRNAs of these ESRD-linked IncRNAs were also significantly dysregu-
lated in ESRD, compared to control, plasma samples (Supplemental
Table S4); 46 out of the 88 IncRNA:cis-mRNA pairs showed concordant
changes, whereas the other 42 pairs showed discordant changes. Gene
ontology (GO) analysis of these cis-mRNAs showed significant enrich-
ment in genes involved in the regulation of cell-cell adhesion, cell
cycle arrest, regulation of body fluid levels, cell redox homeostasis,
endothelial cell apoptosis and the regulation of blood coagulation,
many of which have been implicated in the pathogenesis of uremia
(Fig. 1D) [27-30]. The strong co-expression pattern observed between
the circulating IncRNA: cis-mRNA pairs, as well as the high enrichment
of cis-mRNAs linked to the pathophysiology of uremia suggest the func-
tional involvement of IncRNAs in the pathogenesis of uremia. An exam-
ple of such IncRNA:cis-mRNA pair was CATSPER2P1 and its neighboring
mRNA PDIA3 (ERP57). Both CATSPER2P1 and PDIA3 were significantly
downregulated in the plasma from uremic patients (Supplemental
Table S4), and PDIA3 has been reported to be critically involved in the
pathogenesis of renal fibrosis and the progression of CKD [31].

3.2. Circulating IncRNA expression profiles discriminate between ESRD
patients with and without an adverse CV event

To test the hypothesis that circulating IncRNAs could be a useful
biomarker to predict adverse CV events and death in uremic patients,
comparative analyses of the plasma IncRNA expression profiles were
conducted in 10 ESRD patients who experienced at least one adverse
CV event (defined as the need for percutaneous coronary interven-
tion or coronary artery bypass grafting, acute coronary syndrome,
heart failure, stroke and CV death. Details are described in Online
Data Supplement.) during the 50-month follow-up period, as well as
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Fig. 1. Study design and workflow of plasma long noncoding RNA profiling in uremic patients. (A) During the initial exploratory phase, plasma total RNA was isolated from 48 study
subjects (28 ESRD, 8 CKD and 12 controls), followed by amplicon-based RNA sequencing (AmpliSeq Transcriptome™, Thermo Fisher), which allowed simultaneous quantification of
20,812 human transcripts, including 2228 IncRNAs. Differential expression analyses following RNASeq identified IncRNAs that were altered with ESRD, compared to control/CKD, as
well as 8 IncRNAs that were correlated with adverse CV outcomes in uremic patients. The prognostic role of the 8 IncRNAs in patients with ESRD was then validated in an independent
cohort of 111 subjects. (B) Heat map and hierarchical clustering of the plasma IncRNAs that were differentially expressed in ESRD and control subjects. Note that the expression
profiles of these plasma IncRNAs distinguished ESRD from CKD/control subjects. (C) Analysis of the microarray data derived from kidney biopsy samples of patients with advance
chronic kidney diseases (GSE66494) showed that a significant proportion of the dysregulated IncRNAs (30.7%, 20 out of the 65 IncRNAs from Fig. 1B that were detectable in
GSE66494) and mRNAs (49.5%, 1060 out of 2142 mRNAs that were detectable in GSE66494) found in the plasma from ESRD patients were also found concordantly dysregulated in
diseased human kidneys. (D) Gene ontology analysis of the neighboring mRNA (cis-mRNA) of the dysregulated plasma IncRNAs with ESRD showing strong enrichment in genes that

are involved in the pathogenesis of uremia.

12 ESRD patients who completed the 50-month follow-up without an
adverse CV event. A total of 49 IncRNAs were significantly (absolute
fold-change >2, adjusted P < 0.05) differentially expressed (25 up- and
24 down-regulated) in ESRD patients with an adverse CV event, com-
pared to those without one (Supplemental Table S5). Among these 49
IncRNAs, only 6 (LOC285540, CDRT15P2, LOC644656, KCNJ2-AS1,
MKNK1-AS1, ZNF582-AS1) overlapped with the 179 IncRNAs that were
found dysregulated with ESRD. Heat map and hierarchical clustering
analyses showed that the expression signature of the 49 IncRNAs
correctly clustered all but one of the ESRD patients with an CV event
(labeled as eESRD) together (Fig. 2A). A volcano plot illustrating the
fold-change and significance levels of the 49 IncRNAs is provided in
Fig. 2B.

To identify candidate plasma IncRNAs that might be applied clini-
cally to determine the risk of adverse CV events in ESRD patients, the
following criteria were used: (1) the expression levels of the candidate
IncRNA(s) should remain unchanged in subjects without ESRD, and
(2) the extent of aberrant expression of a candidate IncRNA must be
greater in ESRD patients with, comparing to those without, an adverse
CV event. Eight IncRNAs were found to fulfill the aforementioned

criteria and the expression values of each of these IncRNAs across all
four groups of study subjects were plotted in Fig. 2C. Receiver operating
characteristic (ROC) curve analysis was conducted to determine the
overall performance of each of the 8 IncRNAs in predicting adverse CV
outcomes in uremic patients. Using Cutoff Finder [32], the optimal cutoff
expression levels of individual IncRNAs for CV outcome prediction were
determined. Fig. 2D provides the average expression levels of each
IncRNA (in RPMR), the area under curve (AUC) of individual IncRNAs
determined by ROC curve analysis, the optimal cutoffs of each IncRNA,
as well as the sensitivity and specificity of using these cutoffs in discrim-
inating between uremic patients with and without an adverse CV event.
In addition, Kaplan-Meier analysis revealed that elevated plasma levels
of all but one of these 8 IncRNAs were associated with significantly in-
creased risks of adverse CV events in uremic patients (Fig. 2D).

3.3. Validation study confirmed plasma IncRNA DKFZP43410714 as an
independent predictor of adverse CV outcomes in patients with ESRD

To further validate the prognostic value of circulating IncRNAs in
predicting adverse CV outcomes in uremic patients, amplicon-based
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Fig. 2. Identification of plasma IncRNAs linked to adverse CV outcomes in uremic patients. (A) Heat map/hierarchical clustering analysis and (B) volcano plot of the plasma IncRNAs that
were differentially expressed in ESRD patients with (eESRD) vs. without (nESRD) adverse CV events. (C) Dot plots that illustrate the distribution of the expression levels of the 8 candidate
IncRNAs linked to adverse CV outcomes in uremic patients across all four groups (control, CKD, ESRD without CV event, ESRD with CV event) of study subjects. ({, # and * denotes P< 0.05,
0.01 and <0.001, respectively) (D) Table summarizing the average expression levels (of all 48 plasma samples, expressed in RPMR), results of ROC [area-under-curve (AUC)], optimal cutoff
values for CV outcome prediction (in RPMR), the sensitivity/specificity of the cutoffs, and Kaplan-Meier analysis (hazard ratio and P values) of individual candidate IncRNAs in the

exploratory study cohort.

targeted RNASeq was performed to quantify the expression levels of the
8 candidate IncRNAs in the plasma samples from an independent cohort
of study subjects, including 43 ESRD patients without CV events, 36
ESRD patients with at least one adverse CV event, 19 CKD patients and
13 control subjects with normal renal function. The characteristics of
the 111 study subjects in this validation cohort were comparable across
all groups (Supplemental Table S6).

Consistent with the IncRNA dysregulation observed in the ex-
ploratory uremic study cohort, targeted RNASeq revealed significant
(P < 0.001) upregulation in 6 of the 8 candidate IncRNAs (except
FAM66D and FAM8G6FP) in CKD (P < 0.05) and ESRD (P < 0.001), com-
pared with control, samples (Fig. 3A, B). The expression profiles of
the 8 IncRNAs also distinguished ESRD from control/CKD samples
(Fig. 3A). Kaplan-Meier analysis revealed that IncRNA DKFZP43410714
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(Hazard ratio [95% confidence interval], 2.38 [1.17-4.86], P = 0.016,
Fig. 3C, D) and KCNJ2-AS1 (HR 2.13 [1.05-4.33], P = 0.037, Fig. 3C,
Supplemental Fig. S8) were significant predictors of adverse CV out-
comes. Multivariate Cox regression analysis, however, showed that
DKFZP43410714 (HR 3.02 [1.09-8.32], P = 0.033) and dialysis vintage
(HR 1.11 [1.00-1.23], P = 0.044) were the only two independent pre-
dictors of adverse CV outcomes in uremic patients after correcting for
age, gender and underlying medical conditions (Fig. 3C). To determine

if the combination of IncRNAs and dialysis vintage could improve the pre-
dictive ability of adverse CV outcomes in uremic patients, a “combined
index” was generated by combining the expression levels of IncRNAs
DKFZP43410714 and KCNJ2-AS1, as well as dialysis vintage (see
Methods). This combined index showed improved sensitivity and speci-
ficity (72.2% and 62.8%, respectively, Fig. 3C) as a predictor of adverse CV
outcomes. Consistent with this result, both univariate (Supplemental
Figs. S9) and multivariate Cox regression (Fig. 3C, HR 2.82 [1.36-5.84],
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P = 0.005) analyses revealed that this combined index was a strong in-
dependent predictor of adverse CV outcomes in uremic patients.

3.4. DKFZP43410714 is induced in human aortic endothelial cells upon
hypoxic stress and contributes to the regulation of atherorelevant genes
in the endothelium

Because an elevated plasma level of IncRNA DKFZP43410714 predicts
adverse CV events in uremic patients, we hypothesized that increased
DKFZP43410714 levels could be observed in diseased cardiovascular
tissues/cells. The expression levels of DKFZP43410714 in human failing
left ventricular (LV) tissues (HF, n = 16), however, were not significantly
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different from non-failing control LV samples (NF, n = 7 Fig. 3E) [14].
In contrast, human aortic endothelial cells (HAEC) stressed with
hypoxia (1% O, for 24 and 48 h) showed strong upregulation of
DKFZP43410714 (Fig. 3E), as well as ICAM-1 and VCAM-1, two
adhesion molecules critical for endothelial dysfunction and athero-
sclerosis (Supplemental Fig. S1). Cell fractionation studies revealed
that DKFZP43410714 was highly enriched in the nucleus of HAECs
(Supplemental Fig. S2). In addition, knocking down DKFZP43410714
in HAEC using antisense locked nucleic acid Gapmers led to signifi-
cant (P < 0.001) down regulation of ICAM-1 and VCAM-1, compared to
control HAEC treated with scramble Gapmers (Fig. 4A). In contrast,
DKFZP43410714 knockdown induced a strong transcriptional upregulation
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Fig. 4. DKFZP43410714 modulates atherorelevant protein genes in human aortic endothelial cells. (A) Knocking down DKFZP43410714 in HAEC led to significant transcriptional
downregulation of VCAM-1/ICAM-1 and upregulation of eNOS, compared with scramble control (biological replicates, n = 6 in each group; I, # and * denotes P < 0.05, 0.01 and < 0.001,
respectively). (B) Immunoblots showed that DKFZP43410714 knockdown led to significant upregulation of KLF2 and a trend toward increased eNOS proteins in HAEC. The protein
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(C) Overexpression of DKFZP43410714 significantly increased transcript expression levels of ICAM-1 and VCAM-1, without affecting eNOS or KLF2, in HAEC (biological replicates, n = 3-6
in each group; * denotes P< 0.001). (D) Forced expression of DKFZP43410714, however, did not lead to discernible changes in the protein expression levels of eNOS, ICAM-1, VCAM-1 or KLF2.
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of eNOS (P < 0.01) and a trend toward increased Kruppel-like factor 2
(KLF2), two atheroprotective factors, in HAEC (Fig. 4A). Immunoblots
were performed to assess the protein expression levels of p-eNOS,
total eNOS, ICAM-1, VCAM-1 and KLF2 in HAEC with DKFZP43410714
knockdown. As shown in Fig. 4B, DKFZP43410714 knockdown led to sig-
nificant upregulation of KLF2 and a trend toward increased eNOS in
HAEC. The protein expression levels of p-eNOS, ICAM-1 and VCAM-1,
however, were not significantly altered with DKFZP43410714 depletion.
Consistent with the observed upregulation of eNOS in HAECs silenced
for IncRNA DKFZP43410714, NO production was also significantly
increased in HAECs with DKFZP43410714 knockdown, compared
with scramble control (Supplemental Fig. S6A). Moreover, knocking
down IncRNA DKFZP43410714 significantly attenuated hypoxic stress-
induced apoptosis in HAEC (Supplemental Fig. S3) and reduced mono-
cyte adhesion to HAEC (Supplemental Fig. S4A, B), suggesting that
DKFZP43410714 could modulate stress-induced HAEC apoptosis and
plays a critical role in modulating endothelial capacity to attract and
bind inflammatory cells, hence contributing to endothelial dysfunction
and vascular inflammation. Overexpression of DKFZP43410714, on the
other hand, significantly increased the transcript expression levels
of ICAM-1 and VCAM-1, without affecting eNOS or KLF2, in HAEC
(Fig. 4C), although immunoblot experiments did not reveal discernible
changes in any of these proteins with increased DKFZP43410714
expression in HAEC. Increased DKFZP43410714 in HAEC did not re-
sult in significant changes in NO production, either (Supplemental
Fig. S6B). Collectively, these data strongly suggest that dysregulation
of DKFZP43410714 could be involved in the pathogenesis of endothelial
dysfunction, vascular inflammation and atherosclerosis, hallmarks of
vascular complications associated with uremia.

4. Discussion

In the present study, RNASeq-based transcriptome profiling re-
vealed a plasma IncRNA expression signature that distinguishes uremic
patients from CKD and control subjects with normal renal function.
Further analyses identified multiple IncRNAs that were associated
with adverse CV outcomes in uremic patients. Validation studies in an
independent cohort of uremic patients confirmed that elevated IncRNA
DKFZP43410714 was a significant predictor of adverse CV events and
death in patients with ESRD. Expression analyses demonstrated that
IncRNA DKFZP43410714 was increased in human endothelial (HAEC)
cells stressed with hypoxia. Knocking down DKFZP43410714 in HAEC
repressed the transcript expression levels of pro-atherogenic adhesion
molecules including ICAM-1 and VCAM-1 while promoting the tran-
script expression of atheroprotective protein eNOS (and likely also
KLF2). DKFZP43410714 knockdown also reduced hypoxic stress-
induced endothelial cell apoptosis and monocyte adhesion. These data
collectively suggest that IncRNA DKFZP43410714 plays an important
role in the transcriptional regulation of atherorelevant proteins and
could contribute to the pathogenesis of endothelial dysfunction, vascu-
lar inflammation and atherosclerosis.

To date, only a few studies have investigated the diagnostic or
prognostic roles of circulating IncRNAs in patients with cardiovascu-
lar diseases, mostly using PCR or microarray-based experiments.
Kumarswamy et al. reported that plasma IncRNA LIPCAR predicts
post-MI cardiac remodeling and CV death in patients with HF [33].
LncRNAs ANRIL and KCNQ10TT1 in peripheral blood cells, on the other
hand, were found to be dysregulated after MI and to be predictors of
post-MI LV dysfunction [34]. A plasma IncRNA CoroMarker has been
shown to be a useful biomarker to facilitate the diagnosis of CAD [35].
In addition, the reciprocal changes of IncRNAs ZFAS1 and CDR1AS in
whole blood were reported to be a predictor of myocardial infarction
[36]. To the best of our knowledge, the present study is the first report
to profile human plasma IncRNA and mRNA expression pattern using
next-generation sequencing technology. Our study is also the first
to demonstrate that plasma IncRNA expression signature can be a

sensitive and specific biomarker to reflect the status of advanced renal
dysfunction and to predict adverse CV outcomes and death in patients
with ESRD.

Traditional risk factors for CV diseases including age, male gender,
diabetes, hypertension and hyperlipidemia are known to be much
less predictive for CV complications in uremic patients [5]. Several
nontraditional risk factors such as impaired mineral metabolism
(hyperphosphatemia, hypercalcemia and hyperparathyroidism) [37]
and increased homocysteine levels [38] have been shown to be associ-
ated with increased mortality in ESRD patients receiving hemodialysis.
The contribution of these nontraditional risk factors to increased
mortality associated with uremia, however, remains controversial as
interventional trials aimed at modifying these factors have failed to
improve clinical outcomes in uremic patients [39-41]. Identifying
IncRNAs linked to poor CV outcomes in ESRD patients could lead to
the discovery of potential novel mechanisms that mediate CV complica-
tions predisposed by uremia. Indeed, the present study revealed a novel
regulatory role of IncRNA DKFZP43410714 on the transcript expression
of atherorelevant molecules including ICAM-1, VCAM-1, eNOS and
KLF2 in human endothelial cells, suggesting the potential involvement
of DKFZP43410714 in the pathogenesis of endothelial dysfunction and
atherosclerosis. Interestingly, although knocking down DKFZP43410714
led to significant downregulation of ICAM-1 and VCAM-1 transcripts
(Fig. 4A), immunoblot experiments did not show a significant reduction
in the protein levels of ICAM-1 and VCAM-1 with DKFZP43410714
depletion in HAEC (Fig. 4B). It is possible that ICAM-1 and VCAM-1 pro-
teins are relatively stable and it could take much longer than 48 h (the
course of DKFZP43410714 knockdown experiment) to detect discern-
ible reduction in their protein levels. Additional experiments revealed
no significant differences in the plasma levels of DKFZP43410714 in
healthy control (n = 20) and patients with coronary artery disease
(CAD, n = 35) without known renal dysfunction (Supplemental
Fig. S7), suggesting that DKFZP43410714 elevation is specific to patients
with uremia. Further studies are required to determine the molecular
mechanisms via which IncRNA DKFZP43410714 regulates these
atherorelevant genes and to what extent it contributes to endothelial
dysfunction and atherosclerosis in the context of uremia. Although it
would be of great interest to study the functional role of DKFZP43410714
in important animal models of atherosclerosis, neither DKFZP43410714
nor the other 7 IncRNA candidates identified from RNASeq analysis
were conserved between human and mouse, precluding the possibility
to study their functional roles in mice.

A potential limitation of this study is that the number of study sub-
jects in the validation cohort (n = 111) was relatively small. The prog-
nostic value of several candidate plasma IncRNAs (such as KCNJ2AS1
and LOC256880) identified from the exploratory study was borderline
and could become significant if the size of the validation cohort were
larger. Nevertheless, most (6 of 8) of the candidate IncRNAs showed
strong upregulation in ESRD, compared to both CKD and control sam-
ples, suggesting a strong association with, and potential contribution
to, the pathophysiology of uremia. Finally, although the exact cellular/
tissue origin of the circulating IncRNAs linked to uremia is unclear, our
data suggest that many of them could come from diseased kidney
tissues and also possibly from endothelial cells.

In conclusion, using an unbiased RNASeq approach, we have demon-
strated that circulating IncRNA expression signature distinguishes ESRD
from CKD/health controls and that an elevated plasma level of IncRNA
DKFZP43410714 predicts adverse CV outcomes in ESRD patients. Uremic
patients with increased plasma IncRNA DKFZP43410714 levels may
need closer monitoring and more aggressive management to reduce
the risk of CV events. Additional experimental evidence presented sug-
gests that DKFZP43410714 could be involved in the pathogenesis of
endothelial dysfunction and atherosclerosis. These findings strongly
suggest a role for circulating IncRNAs as a new class of prognostic bio-
marker of adverse CV events in ESRD patients, as well as a functional
role(s) for IncRNAs in the pathobiology of uremia.
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