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Background. The effects of long noncoding RNAs (lncRNAs) and their related messenger RNAs (mRNAs) remain unknown in
children with acquired aplastic anemia (AA). The aim of this study is to screen key lncRNAs and mRNAs and investigate their
potential roles in the pathology of acquired AA in children. Methods. RNA sequencing was performed to identify differentially
expressed lncRNAs (DElncRNAs) and mRNAs (DEmRNAs) between blood samples of acquired AA children and healthy
controls. cis-regulation, trans-regulation, competing endogenous (Ce) regulation networks of DElncRNAs and DEmRNAs were
constructed. A literature search was performed to identify immune- or hematopoietic-related DElncRNA-DEmRNA pairs, and
qPCR was conducted to validate the expression of the immune- or hematopoietic-related DElncRNA and DEmRNA. Results. 60
DElncRNAs and 364 DEmRNAs were identified. 13 DElncRNAs were predicted to have 15 cis-regulated target DEmRNAs, 16
DElncRNAs might have 28 trans-regulated DEmRNAs, and 2 DElncRNAs might have 9 Ce-regulated DEmRNAs. After
literature screen and qPCR validation, 6 immune- or hematopoietic-related DElncRNA-DEmRNA pairs in the networks above
were identified as key RNAs in the pathology of acquired AA. Conclusion. This study revealed key lncRNAs in children with
acquired AA and proposed their potential functions by predicting their target mRNAs, which lay the foundation for future
study of potential effects of lncRNAs in children with acquired AA.

1. Introduction

Acquired aplastic anemia (acquired AA) is a life-threatening
disorder in children characterized by pancytopenia and bone
marrow failure. Successful use of immunosuppressive agents
and hematopoietic stem cell transplantation (HSCT) in the
treatment of acquired AA lead the way to understanding
the pathology of acquired AA [1]. It is now widely acknowl-
edged that at the cell level, the deficiencies of hematopoietic
stem and progenitor cells (HSPCs), immune cell dysfunction,
and abnormal bone marrow microenvironment are the main
factors in the pathology of acquired AA [2, 3]. Besides, with
the rapid developments in basic immunology and molecular
biology techniques, a large number of studies have been
carried out to explore the definitive mechanism at the molec-
ular level in acquired AA. The messenger RNA (mRNA)
expression profiles for CD34+ stem/progenitor cells [4, 5],

T cells [6, 7], and mesenchymal stem/stromal (MSC) cells
[8–10] in acquired AA have been described, and some
mRNAs were identified to be involved in the pathology of
acquired AA. Furthermore, microRNA (miRNA) expression
profiles in acquired AA were also explored [11–13], and
some miRNAs were identified to take part in the pathology
of acquired AA. However, the long noncoding RNA
(lncRNA) expression profiles and their role in children with
acquired AA have not been described yet.

In the human genome, about 5%-10% sequences are
transcribed, among which 10-20% are protein-coding RNAs
and 80%-90% are non-protein-coding RNAs. lncRNAs are a
kind of noncoding RNAs longer than 200 bp, and they can
serve as signals, decoys, guides, and scaffolds in a large
number of bioregulatory processes. Their biological role can
be interpreted indirectly through the mRNAs which are
regulated by cis-regulation, trans-regulation, or competing
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endogenous (Ce) regulation: the cis-regulation means that
lncRNAs can affect the expression of their neighboring genes
located at the same chromosome, the trans-regulation means
that lncRNAs can also act on their target genes through a
long-range manner such as conjunction with other transcrip-
tion factors (TFs), and Ce regulation means that lnRNAs can
act as sponges to compete for the miRNAs, hence reducing
the miRNA’s ability to interfere with the expression of target
genes [14, 15].

It has been reported that lncRNAs are regulators of many
immune processes and they participate in many immune-
mediated disorders such as multiple sclerosis (MS) and
systemic lupus erythematosus (SLE) [16, 17]. What is more,
lncRNAs were also reported to regulate the hematopoietic
stem cell development and play important roles in hema-
tological disease [18]. As acquired AA is an immune-
mediated hematological disease, it can be predicted that
lncRNAs also play important roles in the pathology of
acquired AA.

In this study, differentially expressed lncRNAs (DElncR-
NAs) and mRNAs (DEmRNAs) between acquired AA
children and healthy controls were identified by RNA
sequencing. The cis-, trans-, and Ce regulation networks were
constructed to predict the DEmRNAs that might be regu-
lated by DElncRNAs. Moreover, literature screen and quan-
titative real-time PCR (qPCR) validation were performed to
identify immune- or hematopoietic-related DElncRNA-
DEmRNA pairs, which may lay the foundation for future
study of potential effects of lncRNAs in children with
acquired AA.

2. Materials and Methods

2.1. Patients and Samples. Peripheral blood (PB) samples of 5
acquired AA children and 5 healthy controls were obtained at
the Department of Pediatrics, Shanghai Tongji Hospital.
After exclusion of any other marrow failure syndromes, the
diagnosis of acquired AA was established by peripheral blood
counts and bone marrow biopsy according to Camitta’s cri-
teria in the guideline [19]. Informed consent was obtained
according to protocols approved by the Institutional Review
Board of Shanghai Tongji Hospital affiliated to Tongji Uni-
versity. Student’s t-test and Fisher’s exact test were used to
compare the basic characters of AA children and healthy
controls.

2.2. RNA Extraction and Sequencing. Mononucleated cells of
PB were separated by Solarbio R1010, and RNA was isolated
according to the manufacturer’s instructions. RNA sample
sequencing of 5 acquired AA children and 5 healthy controls
was performed separately based on the Illumina HiSeq
2000/2500 platform (Illumina, Inc., San Diego, CA, USA)
with a 150 bp read length. The FASTQ sequence data were
acquired from the RNA sequencing data. Reads with low
quality were removed to obtain the clean reads.

2.3. Identification of DElncRNAs and DEmRNAs. Sequencing
reads were aligned to the human genome (hg38) reference
sequence, HTSeq was used, and the expression of mRNAs

and lncRNAs was normalized. Reads Per Kilobase per
Million (RPKM) of lncRNAs and mRNAs were calcu-
lated. DESeq2 was used for the differential expression
analysis, and DEmRNAs and DElncRNAs were obtained
with ∣log2FC ∣ >1 and adj. P value < 0.05. By using the
R package “pheatmap,” hierarchical clustering analysis of
DEmRNAs and DElncRNAs was conducted.

2.4. Functional Annotation of DEmRNAs. To understand the
biological functions and potential pathways of DEmRNAs,
Gene Ontology (GO) functional annotation and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis were performed and visualized by
DAVID [20] and the R packages “clusterProfiler,” “enrich-
plot,” and “GOplot,” and adj. P value < 0.05 was considered
to be significant.

2.5. cis-Regulated lnc-mRNA Network. To further explore
the potential effects of DElncRNAs in children with
acquired AA, the DElncRNA-DEmRNA coexpression net-
works were constructed. DElncRNA-DEmRNA pairs with
an absolute value of the Pearson correlation > 0:9 and P <
0:01 were defined as coexpressed DElncRNA-DEmRNA
pairs. The cis-regulated DEmRNAs were defined as follows:
(1) DEmRNA loci were within a 100 kb window down- or
upstream of the given DElncRNA and (2) DElncRNAs
and DEmRNAs are coexpressed DElncRNA-DEmRNA
pairs. The cis-regulated lnc-mRNA network was visualized
by Cytoscape.

2.6. trans-Regulated lnc-TF-mRNA Network. For a trans-
regulated network, we focused on the manner that lncRNAs
play their functions via TFs. The DElncRNAs’ coexpressed
DEmRNAs were overlapping with TF target DEmRNAs in
DAVID, using hypergeometric distribution to calculate the
significance of this overlap, and adj. P value < 0.05 was
considered to be significant. If the DElncRNAs’ coexpressed
DEmRNAs were overlapping with the target mRNAs of a
given TF significantly, it meant that this TF might work with
these DElncRNAs and these DEmRNAs could be the trans-
regulated target of these DElncRNAs. The trans-regulated
lnc-TF-mRNA network was constructed and visualized by
Cytoscape.

2.7. Ce-Regulated lnc-micromRNA Network. Some lncRNAs
might act as competing endogenous RNAs and influence
the posttranscriptional regulation by regulating miRNA.
miRNA-binding sites on DEmRNAs and DElncRNAs were
predicted by software, and a Ce-regulated lnc-micromRNA
network was constructed and visualized by Cytoscape.

2.8. Quantitative Real-Time PCR Validation. Blood samples
of 5 acquired AA children and 5 healthy controls were used
for qPCR validation, respectively. M-MLV reverse transcrip-
tase was used for cDNA synthesizing. Subsequently, qPCR
using SYBR Green assays was conducted in a total reaction
volume of 10μl, including 0.5μl (10μM) PCR forward
primer and 0.5μl (10μM) PCR reverse primer, 2μl CDNA,
5μl 2×Master Mix, and 2μl double-distilled water. The
qPCR reaction conditions were denaturation at 95°C for
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10min, followed by 40 cycles of 95°C (10 s) and 60°C (60 s).
GAPDHwas used as a reference. The relative expression level
of each RNA was calculated using the 2-ΔΔCt method, Stu-
dent’s t-test was applied to compare the expression levels of
two groups, and P < 0:05 was considered to be significant.
The primers are shown in Supplement Table 1.

3. Results

3.1. Clinical Characteristics of 5 Acquired AA Patients and 5
Healthy Controls. The clinical characteristics of 5 acquired
AA patients and 5 healthy controls are listed in Table 1. No
significant differences were found in age and gender between
the two groups.

3.2. DEmRNAs and DElncRNAs between Acquired AA
Children and Healthy Controls. A total of 364 DEmRNAs
(41 upregulated and 323 downregulated DEmRNAs) and 60
DElncRNAs (6 upregulated and 54 downregulated DElncR-
NAs) were identified. The heatmap and hierarchical clustering
analysis of DEmRNAs and DElncRNAs are depicted in
Figures 1(a) and 1(b), respectively. Moreover, the distribution
of DEmRNAs and DElncRNAs on chromosomes is shown
in Figure 1(c).

3.3. Functional Annotation of 364 DEmRNAs. Platelet-related
terms, platelet activation, platelet degranulation, and platelet
alpha granule lumen, were enriched GO terms in acquired
AA children (Figure 2(a)). Platelet activation and hematopoi-
etic cell lineage were enriched KEGG pathways in acquired
AA children (Figure 2(b)).

3.4. cis-Regulated lnc-mRNA Network. A total of 15 cis-regu-
lated DElncRNA-DEmRNA pairs were identified, including
13 DElncRNAs and 15 DEmRNAs. All paired DElncRNAs
and DEmRNAs were downregulated RNAs in acquired AA
children. The cis-regulated lnc-mRNA network is shown in
Figure 3(a), and the distance between DElncRNAs and
DEmRNAs in the network is shown in Figure 3(b).

3.5. trans-Regulated lnc-TF-mRNA Network and Ce-Regulated
lnc-micromRNA Network. Twenty-eight DEmRNAs may be

trans-regulated targets of 16 DElncRNAs. Transcriptional
factors SOX9, GFI1, and TST1 might be involved in the
trans-regulation, and the lnc-TF-mRNA network is shown
in Figure 4(a). Two DElncRNAs may indirectly regulate 9
DEmRNAs by competing for hsa-miR-5095 and hsa-
miR-5571-5p. The lnc-micromRNA network is shown in
Figure 4(b).

3.6. Identification of Key DElncRNA-DEmRNA Pairs and
qPCR Validation. After literature screen of the above cis-,
trans-, and Ce regulation networks, 6 immune or hematopoi-
etic disease-related DEmRNAs and their paired DElncRNAs
are listed in Table 2. To confirm the reliability of our
sequencing data, the expression level of 6 immune or
hematopoietic disease-related DElncRNA-DEmRNA pairs
was validated by qPCR (Figure 5). The qPCR results were
consistent with the sequencing data and showed the same
trends of down regulation for each RNA.

4. Discussion

lncRNAs are >200 bp non-protein-coding transcripts that
function as RNA molecules. Genome-wide transcriptome
studies have led to the discovery of thousands of noncoding
RNAs. It has been demonstrated that lncRNAs are involved
in the pathology of many diseases, including immune-
mediated disorders [16, 17] and hematological diseases
[18]. A previous study has demonstrated that lncRNA
TDRG1 may be involved in the proliferation of bone mar-
row mesenchymal stem cells in AA patients [21]. However,
the expression profiles of lncRNAs and the potential targets
or functions of lncRNAs in children with acquired AA
remain unknown. Hence, in this study, we systematically
screened the expression profiles of lncRNAs and mRNAs
in acquired AA children and healthy controls.

Functional annotation of DEmRNAs revealed that dys-
regulated genes of acquired AA children are enriched in
platelet-related terms including platelet activation, blood
coagulation, and hematopoietic cell lineage. As acquired
AA is usually manifested as pancytopenia, especially throm-
bocytopenia, these platelet function-related DEmRNAs and

Table 1: Clinical characteristics of 5 acquired AA patients and 5 healthy controls.

Group ID Age (year)∗ Gender∗ Diagnosis HB (g/l) WBC (109/l) Neutrophils (109/l) Platelet (109/l)

Patients

1 6 M NSAA 110 3 0.9 25

2 10 M NSAA 70 3.5 0.9 40

3 8 F SAA 56 3 0.4 5

4 2.1 F SAA 75 2.3 0.4 11

5 3.8 F SAA 71 3.35 0.1 2

Healthy controls

1 8 M — 137 7.8 5.3 211

2 4 F — 142 6.4 3.4 202

3 1.7 M — 121 7.2 3.6 183

4 6 M — 142 8 5.5 316

5 2.7 F — 124 6 2.1 204
∗No statistical differences were found between patients and healthy controls (age and gender).
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coagulation-related DEmRNAs may work as negative
feedbacks and compensate the thrombocytopenia in some
degree.

Unlike miRNAs, solely basing on lncRNAs’ sequences
to predict their function is difficult. Based on a previous
study by Guttman et al. [22], we constructed a coexpres-
sion network of DElncRNAs and DEmRNAs. According
to this network, the cis-regulation, trans-regulation, and
Ce regulation networks were constructed to comprehend
the biological functions of DElncRNAs. After literature
screen and qPCR validation, 6 immune- or hematopoietic-
related DElncRNA-DEmRNA pairs in the networks were

identified as key lncRNAs and mRNAs in the pathology of
acquired AA.

For the immune-related genes, DHRS9 [23] was reported
to be a specific marker of the human regulatory macro-
phage and HRH4 [24] can downregulate Th1-related che-
mokines. As acquired AA is an immune-mediated disease,
these two DEmRNAs in our networks may be involved in
the pathology of acquired AA. Our work showed that
these two downregulated DEmRNAs can be regulated by
lncRNA AC007556.1 and AC007922.2 in cis- and Ce reg-
ulation manners. Hence, we can conclude that lncRNA
AC007556.1 and AC007922.2 may be involved in the
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Figure 1: DEmRNAs and DElncRNAs between acquired AA children and healthy controls. (a and b) Heatmaps of DEmRNAs and
DElncRNAs. P represents acquired AA children, and C represents healthy controls. The colors in the heatmap represent normalized gene
expression values, with high expression values being colored in red and low expression values being colored in blue. (c) Distribution of
DEmRNAs and DElncRNAs on chromosomes. The outer layer cycle is the chromosome map of the human genome hg38. The larger
inner layer and smaller inner layer represent the distribution of DEmRNAs and DElncRNAs on different chromosomes, respectively. The
red and blue colors represent the up- and downregulated RNAs, respectively.
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Figure 2: Functional annotation of 364 DEmRNAs. (a) Top 10 GO terms of 364 DEmRNAs and the DEmRNAs enriched in each term. The
red and blue colors represent the up- and downregulated RNAs, respectively. (b) Top 10 KEGG terms of 364 DEmRNAs.
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pathology of acquired AA by regulating DHRS9 and
HRH4.

For the hematopoietic-related genes, PDGFA [25] and
GFI1B [26, 27] were crucial for the hematopoiesis and they

may be related to acquired AA. Our work showed that
these downregulated DEmRNAs can be regulated by
lncRNAs AC147651.1 and AC111000.4 in cis- and trans-
regulation manners. Hence, we can conclude that lncRNAs
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Figure 3: cis-regulation lnc-mRNA network. (a) DElncRNAs and their potential cis-regulated nearby DEmRNAs are shown in the network.
The blue triangles represent the downregulated lncRNAs. The blue circles represent the downregulated DEmRNAs. (b) The distances between
DElncRNAs and their cis-regulated DEmRNAs are presented. The left vertical axis shows the DElncRNAs, and the right vertical axis displays
DEmRNAs.
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AC147651.1 and AC111000.4 may be involved in the pathol-
ogy of acquired AA by regulating PDGFA and GFI1B.

What is more, IDO1 [28] and SEMA7A [29] were
reported to be important in the immunomodulatory effect
of mesenchymal stromal cells in acquired AA. In our
study, IDO1 and SEMA7A were downregulated and they
were shown to be cis- and trans-regulated by lncRNAs

AC007991.2 and RHOXF1P1. We can also conclude that
lncRNAs AC007991.2 and RHOXF1P1 may be involved
in the pathology of acquired AA by regulating IDO1 and
SEMA7A.

There are limitations in our study. Firstly, our study
is only a small sample size study which needs further val-
idation. Another limitation is that we merely predict the

ENPP7P8

RP11-185E8.1

LINC00989

RP11-501J20.5

AC005381.1

ERG

RHOXF1P1

RP11-879F14.2

MED12L

SPOCD1

CXCR2P1

AP001189.4

CTC-312O10.2

RP11-476D10.1

CDC14B

RPS6KA2-IT1

RP11-704M14.1

SOX9

TST1

PDGFA

RP11-800A3.4

GFI1

MPL

SYTL4

FAM225A

CTD-2154I11.2 HRAT92
MYCT1

PKHD1L1
SAMD14

RP11-677M14.2

MGLL

TNFSF4

IDO1

RP11-152L20.3

(a)

hsa-miR-5571-5p

SLC6A4

SHROOM4 L3MBTL2-AS1

ACOT11

HCG9hsa-miR-5095

DHRS9

PKP2

CACNG8
SMAD1

DENND2C

CNKSR3

(b)

Figure 4: Trans-regulated lnc-TF-mRNA network and Ce-regulated lnc-micromRNA network. (a) DElncRNAs and their potential trans-
regulated DEmRNAs and transcriptional factors involved in the trans-regulation are shown in the network. The blue triangles represent
the downregulated lncRNAs. The blue circles represent the downregulated DEmRNAs. The yellow arrows represent TF. (b) DElncRNAs
and their potential Ce-regulated DEmRNAs and the miRNAs targeting both RNAs are shown in the network. The blue triangles represent
the downregulated lncRNAs. The blue circles represent the downregulated DEmRNAs. The blue squares represent miRNAs.

Table 2: Six immune- or hematopoietic-related DElncRNA-DEmRNA pairs.

mRNA Log2FC lncRNA Regulation type mRNA function

DHRS9 -2.37 AC007556.1 Cis/Ce Specific and stable marker of the human regulatory macrophage

HRH4 -2.64 AC007922.2 Cis Downregulation of Th1-related chemokines

PDGFA -3.05 AC147651.1 Cis Promotes erythropoiesis and the proliferation of multipotent hematopoietic progenitors

GFI1B -2.69 AC111000.4 Trans Essential protein for the normal development of the megakaryocyte lineage

IDO1 -4.87 AC007991.2 Cis Triggers an immunosuppressive state with increased FoxP3+ Treg cells

SEMA7A -1.49 RHOXF1P1 Trans Enhances the immunomodulatory properties of MSCs
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potential link between lncRNAs and their target mRNAs and
the definite connections between them could not be con-
firmed by the present study. Further study will be continued
to validate the cis-, trans-, and Ce regulation networks.

5. Conclusion

In summary, our study describes the expression profiles of
lncRNAs and mRNAs in acquired AA children by RNA
sequencing. The cis-, trans-, and Ce regulation networks of
DElncRNAs and DEmRNAs were identified, and 6 immune-
or hematopoietic-related DElncRNA-DEmRNA pairs were
identified as key RNAs in the pathology of acquired AA,
which lay the foundation for future exploration of potential
effects of lncRNAs and their target mRNAs in children with
acquired AA.
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Figure 5: Validation for the expression of 6 immune- or hematopoietic-related DElncRNA-DEmRNA pairs by quantitative RT-PCR. The
relative expression levels of 6 DEmRNAs (a) and 6 DElncRNAs (b) comparing AA patients and healthy controls. Data are presented as
mean ± SD (∗∗P < 0:01, ∗P < 0:05). (c, d) Comparison between RNA sequencing and qPCR reveals a good correlation of two methods.
The heights of the columns represent the log2-transformed fold changes computed from RNA sequencing and qPCR.
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Supplementary Materials

Supplement Table 1: the clinical features of the patients in
our manuscript. (Supplementary Materials)
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