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A B S T R A C T

The roles and therapeutic potential of long noncoding RNAs (lncRNAs) in acute myeloid leukemia (AML) have
attracted increased attention. However, many lncRNAs have not been annotated in AML, and their predictive
value for AML therapy remains unclear. In this study, we identified a novel large intergenic noncoding RNA
uc002jit.1 (D43770) from a lncRNA microarray. We first proved uc002jit.1 is a target gene of nuclear factor
kappa B/RELA, RELA regulated uc002jit.1 transcription by binding to its promoter. Additionally, uc002jit.1
knockdown impaired the stability of poly (ADP-ribose) polymerase 1 (PARP1) mRNA, and then reduced PARP1
protein content and PARylation level upon DNA damage, thus inhibiting DNA damage repair in AML cells.
Moreover, uc002jit.1 knockdown significantly inhibited AML cells proliferation and increased the sensitivity to
chemotherapeutic drugs in vitro as well as in a mouse model in vivo. Overall, our study indicated that uc002jit.1
may be associated with the occurrence and prognosis of AML and could be a new diagnostic/prognostic bio-
marker and therapeutic target for AML.

1. Introduction

Long noncoding RNAs (lncRNAs) are arbitrarily defined as tran-
scripts longer than 200 nt that possess no protein-coding capacity [1].
LncRNAs participate in almost all important regulatory processes by
acting as guides [2], scaffolds [3], decoys [4], or signals [5], and their
expression or dysfunction is also closely related to the prognosis, de-
velopment and occurrence of disease [6]. However, due to the diversity
and complexity of their mechanisms, there are still many unknowns
that need to be further explored.

Acute myeloid leukemia (AML) is an aggressive malignant tumor,
the drug resistance and recurrence remain prominent problems [7]. A
number of individual lncRNAs, such as IRAIN, ZNF571-AS1, UCA1 are
reported to be associated with risk stratification and clinic pathological
features in AML [8]. However, there are still a large number of lncRNAs
that have not been annotated in AML, and their predictive value for
AML therapy remains unclear.

Most chemical drug treatments in the clinic achieve therapeutic
effects by damaging tumor cell DNA [9]. Abnormal activation of the
DNA repair ability of tumor cells is an important factor causing drug
resistance in treatment involving DNA damaging agents [10,11]. Stu-
dies have shown that DNA damage induces obvious changes in lncRNA
transcription, and these altered lncRNAs, such as lincRNA-p21, are in-
volved in DNA damage repair [12]. LncRNAs can also affect the ex-
pression of cis or trans genes by binding to chromatin modifiers, protein
complexes or other RNAs, thus serving as regulators in the DNA damage
repair process [13,14]. Daunorubicin (DNR) is the main component of
induction therapy for AML. We and others have shown that DNR exerts
its efficacy by inducing tumor cell DNA damage and apoptosis, but also
activates nuclear factor-kappaB (NF-κB) to promote tumor cell survival,
thereby reducing drug efficacy and even producing resistance [15,16].

NF-κB is a transcription factor with multidirectional regulatory
functions that is widely distributed in eukaryotic cells [17,18]. Stil-
mann M and others have shown that when tumor cell DNA is damaged,
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PARP1 senses DNA damage and recruits related proteins through
PARylation to activate NF-κB [19]. Poly (ADP-ribose) polymerase 1
(PARP1) is a ribosyl transferase enzyme that is closely related to DNA
repair and is involved in multiple DNA repair pathways, such as base
excision repair (BER) [20], homologous recombination (HR) [21] and
nonhomologous end joining (NHEJ) [22]. Our previous study showed
that RELA, an important subunit of NF-κB, regulates DNA repair by
binding to the PARP1 promoter and affecting PARP1 gene transcription.
RELA knockdown or NF-κB inhibition reduced PARylation in DNR-da-
maged AML cells, conversely, PARP1 knockdown reduced NF-κB ac-
tivity, indicating that RELA and PARP1 create a positive feedback loop
in DNA repair. The effect of the dual inhibition of RELA and PARP1 was
amplified by the positive feedback loop, resulting in a more significant
DNA damage and cell proliferation inhibition effect of DNR [16].

Since NF-κB plays an important role in DNA repair, we knocked
down RELA in KG1α cells and then analyzed whether lncRNAs play
roles in DNA repair mediated by NF-κB, we found that a total of 748
lncRNAs were differentially expressed. However, how these lncRNAs
participate in NF-κB-mediated DNA repair is unknown. Therefore, this
study aimed to further explore the precise molecular mechanism of
lncRNAs in NF-κB-mediated DNA repair, seeking a new prognostic
biomarker and treatment strategy for AML.

2. Materials and methods

2.1. Cell lines and reagents

KG1α, Kasumi-1, and HEK293 cell lines were obtained from the
American Type Culture Collection (ATCC) (Manassas, VA), where they
were characterized by DNA fingerprinting, mycoplasma detection, and
cell vitality detection. These cell lines were immediately expanded and
frozen. KG1α and Kasumi-1 were cultured in RPMI 1640 medium,
HEK293 was cultured in DMEM medium (Gibco, Carlsbad, CA, USA)
supplemented with 10% fetal bovine serum (FBS, Gibco, Grand Island,
NY, USA) and 1% penicillin-streptomycin. The cells were maintained in
a humidified incubator at 37 °C with 5% CO2. DNR was purchased from
Zhejiang Hisun Pharmaceutical Co., Ltd. (Zhejiang, China).
Actinomycin D (HY-17559) was purchased from MedChem Express.

2.2. Microarray analysis

KG1α shCtrl and KG1α shRELA cells were treated with 0.5 μM DNR
for 2 h, and total RNA was extracted. RNA quantification and quality
assessment were performed with a NanoDrop ND-1000, and RNA in-
tegrity and gDNA contamination were tested by denaturing agarose gel
electrophoresis. Then, the differential expression of mRNA and lncRNA
was analyzed by the Human LncRNA Chip V3.0 (American Arraystar).
The raw data were normalized using the quantile algorithm from the
limma package in R (GSE147530). The threshold we used to screen for
the up- or downregulation of mRNA and lncRNA was a fold change
≥1.5 and P value < 0.05.

2.3. Coding-noncoding (CNC) gene coexpression network

First, data from our lncRNA microarray analysis (GSE147530) was
preprocessed, Coding (mRNA): the median value of different transcripts
of the same gene in differential mRNA results represents the expression
value of mRNA; Noncoding (lncRNA): the expression value is obtained
from the differential lncRNA results. Then, the pearson correlation
coefficient (PCC) between coding and noncoding RNAs was calculated
by R language, PCC > 0 means positive correlation, PCC < 0 means
negative correlation. PCC ≥0.98 were screened as a correlation
threshold in this study, and finally the CNC network was drawn by
Cytoscape software (v 2.8.1).

2.4. Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted using Biozol Reagent (BioFlux
#BSC52M1), and cDNA was synthesized with a PrimeScript RT Reagent
Kit (TaKaRa #RR047A). qPCR was performed in triplicate with TB
Green Premix (TaKaRa #RR420A) on a LightCycler 96 Real-Time PCR
system (Roche, G10120-100G, Switzerland). Relative expression was
normalized to that of GAPDH by the 2-ΔΔCt method. The primers used in
this study are shown in Supplemental Table S2.

2.5. Dual-luciferase reporter assay

A pGL3 luciferase reporter plasmid containing a 2 kb fragment (−1
to −2000 nt) of the uc002jit.1 promoter (pGL3-uc002jit.1) was con-
structed. HEK293 cells were seeded in 96-well plates and transfected
with 100 ng of pGL3-uc002jit.1 with 50 ng of the vector plasmid
pcDNA3.1 or the expression plasmid pcDNA3.1-RELA and 20 ng of the
pRL-TK renilla luciferase vector (GenePharma) using lipofectamine
2000 (Invitrogen). The cells were lysed after 48 h, and the lysate was
collected according to the manufacturer's instructions (Promega
#E1910). The ratio of firefly luciferase activity to renilla luciferase
activity was calculated for all samples and normalized to the vector
control.

2.6. Chromatin immunoprecipitation (ChIP) assay

For detailed procedures, please refer to the method in our previous
study and others [16,23]. Experiments were performed using a ChIP
Assay Kit according to the manufacturer's protocol (Millipore
#17–10086). Immunoprecipitation was conducted using an anti-NF-κB
(RELA) antibody-ChIP Grade (Abcam #19870) or normal rabbit IgG,
followed by precipitation using protein A/G coupled to magna beads.
After decrosslinking and protease digestion, DNA fragments were re-
covered, purified, and used as templates for PCR. The primers used in
this study are shown in Supplemental Table S3.

2.7. DNA pulldown assay

For detailed procedures, please refer to the method in our previous
study and others [16,24]. Briefly, 5 μg of biotinylated double-stranded
DNA probes were incubated with 500 mg of whole-cell extracts of AML
cells in the presence of streptavidin-conjugated agarose beads (In-
vitrogen #15942–050) and rocked at a gentle speed for 2 h at room
temperature. The mixture was isolated by centrifugation, and the pro-
teins in the complex were dissolved and analyzed by immunoblotting
with a RELA antibody. The DNA probes used in this study are shown in
Supplemental Table S4.

2.8. RNA fluorescence in situ hybridization (FISH)

The probe for uc002jit.1 was designed and synthesized
(Genepharma), and RNA FISH was performed with an RNA FISH Kit
(Genepharma #F05014) according to the manufacturer's protocol and
optimized. Briefly, AML cells were fixed with 4% formaldehyde for
15 min and then dropped onto the slide, air dried, and dehydrated.
Then, the fluorescent probe was dropped onto the slide, and the slide
was incubated in a wet box at 37 °C overnight and washed 3 times with
2 × SSC. Nuclei were counterstained with DAPI. Images were taken
with a Leica Laser-Scanning Microscope (TCS SP8).

2.9. Flow cytometric analysis of DNA damage

Cells were treated with 0.1% w/v DMSO for 2 h as the control group
(Vehicle), with 0.5 μM (KG1α) or 0.25 μM (Kasumi-1) DNR for 2 h as
the damage group, and with medium for an additional 12 h after DNR
treatment as the repair group. Collected cells were fixed, permeabilized,
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permeabilized plus, and re-fixed using BD Fixation/Permeabilization
Solution. Then, cells were incubated with 10 μg/mL anti-phospho-his-
tone H2AX (γH2AX) (Ser139; BD Biosciences #562253) conjugated to
Alexa Fluor 647 for 20 min at room temperature, and analyzed using a
flow cytometer (BD FACS Canto II, NJ, USA). Data were acquired from
10,000 gated events.

2.10. Confocal microscopy analysis of γH2AX foci

After washing with ice-cold PBS, cells were fixed, permeabilized,
and incubated with γ-H2AX antibodies (Thermo Fisher #LF-PA0025)
and fluorescence-labeled secondary antibodies. Immunostained cells
were examined using a Leica laser-scanning microscope (TCS SP8).
Image quantification was performed using Image J software (NIH,
Bethesda, MD).

2.11. Cell counting

We inoculated vector or uc002jit.1-knockdown AML cells into 6-well
plates at an initial density of 8 × 104 cells/mL, with 3 subwells per cell
line. Cell counting was performed after 2, 4, and 6 days using 0.4%
trypan blue, and the corresponding cell densities were calculated.

2.12. Colony formation

The experimental method was appropriately optimized according to
previous reports [25]. In brief, 1000 vector or uc002jit.1-knockdown
cells were inoculated with or without DNR in MethoCultTM medium
(Stemcell #04434) and cultured continuously for 6 days in an incubator
with a CO2 content of 5% and a humidity of ≥95% at 37 °C to observe

the size of colonies formed by individual cells.

2.13. EdU-647 cell proliferation assay

This assay was performed with a BeyoClick™ EdU-647 Kit (Beyotime
#C0081S) according to the manufacturer's protocol and optimized. An
appropriate number of cells were incubated in a 6-well plate, and the
desired starvation and stimulation treatments were performed. Next, an
equal volume of 2 × EdU working solution (20 μM) preheated at 37 °C
was added a 6-well plate to make a final concentration of 1 × EdU in
the 6-well plate. The cells were incubated for 2 h, washed, fixed, and
permeabilized. Click reaction solution was then added and incubated at
room temperature for 30 min in the dark, and the percentage of pro-
liferative cells was determined by flow cytometry.

2.14. KG1α cell xenograft tumor experiment

Animal experiments were conducted at the Experimental Animal
Center of Fujian Medical University (Fuzhou, China) in accordance with
the institutional guidelines after obtaining approval from the
Experimental Animal Ethics Committee of Fujian Medical University
(No. FJMU IACUC 2019–0002). Forty male 5-week-old BALB/c nude
mice were purchased from Shanghai Slack Laboratory Animals Co., Ltd.
Next, 2.5 × 107 KG1α shCtrl and KG1α shUC#1 cells were sub-
cutaneously injected into the right upper limbs of 20 nude mice. Two
weeks after the injection, the tumor-forming mice were randomly di-
vided into 2 groups and treated with PBS or DNR every other day 6
times. The length and width of the tumor were measured every other
day; the mice were euthanized 2 days after the last administration, and
the tumors were removed and weighed.

Fig. 1. uc002jit.1 is positively co-expressed with
RELA and PARP1. A, LncRNA microarray analysis of
differentially expressed lncRNAs caused by RELA
knockdown. The heat map shows the top 20 differ-
entially expressed lncRNAs (fold change ≥ 1.5, P
value < 0.05, FDR < 0.05). B, mRNA-lncRNA co-
expression network, green nodes, mRNA; red nodes,
lncRNA genes; The shorter the line between the two
nodes, the greater the correlation between them. C
and D, qRT-PCR was used to verify that RELA
knockdown reduced uc002jit.1, the western blotting
results indicated the knockdown efficiency of RELA.
Data represent the mean ± SD of three independent
experiments. *P < 0.05.
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Tumor volume = [(width) 2 × (length)]/2 Tumor inhibition rate
(%) = (average tumor weight of the control group - average tumor
weight of the experimental group)/average tumor weight of the control
group × 100%.

2.15. Statistical analyses

Values are presented as the mean ± standard deviation (SD) of at
least three independent experiments. Student's t-test was used to com-
pare two groups of independent samples. One-way analysis of variance
(ANOVA) was used to evaluate the statistical significance of multiple
groups. P values < 0.05 were considered to be statistically significant
(*). Graphs were drawn with GraphPad Prism 5.01 software.

3. Results

3.1. uc002jit.1 plays a role in DNA repair regulated by RELA in AML cells

We used a lncRNA microarray to evaluate the impact of RELA
knockdown on lincRNA expression in shCtrl and shRELA KG1α cells
upon DNA damage, the results showed that a total of 748 lncRNAs were
differentially expressed (fold change ≥ 1.5, P value < 0.05) (Fig. 1A).
Of these lncRNAs, 551 were upregulated, and 197 were downregulated.
The results of CNC network analysis showed that a total of 26 lncRNAs
were positively co-expressed with RELA, 19 lncRNAs were positively
co-expressed with PARP1, 11 of them were positively co-expressed with
RELA and PARP1 (Fig. 1B and Supplementary Table S1.1). Among
them, uc002jit.1 (D43770) was the most significantly downregulated
(Supplementary Table S1.2). Then, qRT-PCR was used to verify the
differential expression of uc002jit.1, and the results were consistent
with those from the microarray (Fig. 1C and D).

uc002jit.1 is an UCSC known large intergenic noncoding RNA
(lincRNA) that located on chromosome 17 in humans (Supplemental
Fig. 1A), the RNA fold webserver showed that the secondary structure

of uc002jit.1 is stable, with a minimum free energy of −494.20 kcal/
mol (Supplementary Fig. 1B). Since there is no uc002jit.1 related report,
we first confirmed the coding ability of uc002jit.1 by searching data-
bases. Through sequence queries and alignment, we found that
uc002jit.1 has no ribosome binding site, and there is not enough open
reading frame in its sense strand (Supplemental Fig. 2A), suggesting
that uc002jit.1 does not exhibit coding ability [26]. The codons of
protein-coding RNA are relatively conservative and are not susceptible
to mutation, but the codon mutation rate is high for noncoding RNA,
with codon substitution frequency scores (CSFs) less than 0 [27]. We
used the PhyloCSF module of the UCSC genome browser to query the
CSF of uc002jit.1. The results showed that all CSFs of uc002jit.1 were
less than 0 (Supplementary Fig. 2B), which confirmed that uc002jit.1 is
a noncoding RNA.

3.2. Transcription of uc002jit.1 is regulated by RELA

To elucidate the underlying mechanism by which RELA regulates
uc002jit.1, we searched the UCSC genome browser and found that the
transcription factor RELA binds to uc002jit.1 in multiple human B
lymphocytes. We predicted the binding sites between RELA and the
uc002jit.1 promoter with JASPAR, and the results revealed that RELA
has five possible binding sites in the promoter region of uc002jit.1
(Fig. 2A), suggesting that RELA may regulate the transcription of
uc002jit.1 by binding to its promoter.

Then, a dual luciferase reporter gene assay was performed to detect
the target transcription regulation of RELA on uc002jit.1. The results
showed that the transfection of RELA dramatically enhanced the acti-
vation of the uc002jit.1 reporter, indicating that uc002jit.1 may be the
target gene of RELA (Fig. 2B). Furthermore, we confirmed that RELA
bound to the uc002jit.1 promoter in vivo and in vitro with ChIP (Fig. 2C
and D) and DNA pull down (Fig. 2E) experiments, respectively. Taken
together, these data indicated that the transcriptional activity of the
uc002jit.1 gene is regulated by RELA by binding to its promoter.

Fig. 2. RELA regulates transcription of uc002jit.1 by
binding to its promoter. A, JASPAR was used to
predict the binding sites of the CDS region of RELA
and the promoter region of uc002jit.1. B, Dual luci-
ferase reporter system was used to verify that the
transcription of uc002jit.1 was directly regulated by
RELA in HEK293 cells. C and D, A ChIP assay was
performed to detect RELA binding to the uc002jit.1
promoter in vivo. E, DNA pull down assay was used
to detect the physical binding of RELA to the
uc002jit.1 promoter in vitro. Data are expressed as
the mean ± SD of three independent experiments.
*P < 0.05.
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3.3. uc002jit.1 affects PARP1 at the posttranscriptional level

Since lncRNAs regulate gene expression at the epigenetic [1],
transcriptional [28], and posttranscriptional [29] levels, our previous
study showed that RELA and PARP1 form a positive feedback regula-
tion loop in AML cells upon DNA damage repair [16]. Therefore, we
hypothesized that RELA regulating PARP1 may be associated with
uc002jit.1. Then, we constructed uc002jit.1 knockdown (lentivirus
target sequences are shown in Supplementary Table S5) AML cell lines
(shUC#1 and shUC#2) and a corresponding vector control AML cell
line (shNC) to verify its regulation of PARP1. Compared with that in
AML shNC cells, PARP1 mRNA expression was not downregulated
(Fig. 3A and B), but PARP1 protein expression was significantly de-
creased in uc002jit.1-knockdown AML cells (Fig. 3C and D). Then, we
treated AML cells with the DNA damaging agent DNR (0.5 μM for KG1α

or 0.25 μM for Kasumi-1) for 2 h and detected the effect of uc002jit.1 on
PARylation upon DNA damage repair. The results showed that PAR-
ylation in uc002jit.1-knockdown AML cells was significantly decreased
(Fig. 3E–H), suggesting that uc002jit.1 affects PARP1 at the post-
transcriptional level.

3.4. uc002jit.1 affects the stability of PARP1 mRNA

However, how does uc002jit.1 regulate PARP1 at the post-
transcriptional level? Since the regulatory functions of lncRNAs are
closely related to their subcellular localization [30], we first verified the
subcellular localization of uc002jit.1 with RNA FISH. The results re-
vealed that uc002jit.1 was almost solely distributed in the cytoplasm
(Fig. 4A and B). Furthermore, we extracted and purified the RNA in the
nucleus and cytoplasm of AML cells and confirmed that uc002jit.1 was

Fig. 3. uc002jit.1 knockdown reduces PARP1 protein but not PARP1 mRNA. A and B, Downregulation efficiency of uc002jit.1 and its effect on PARP1 mRNA level was
verified by qRT-PCR. C and D, The effect of uc002jit.1 on PARP1 protein level was determined by western blotting. E-H, The effect of uc002jit.1 on PAR levels in AML
cell with or without DNA damage was determined by western blotting. The blots quantified by relative grey value using Image J software by normalizing the bands to
GAPDH and then to control cells. Data represent the mean ± SD of three independent experiments. *P < 0.05.
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mainly distributed in the cytoplasm and was almost undetectable in the
nucleus, consistent with confocal images (Fig. 4C and D). These results
explain why uc002jit.1 had no effect on PARP1 at the transcriptional
level.

We treated AML cells with actinomycin D [31] and detected PARP1
mRNA levels at 2, 4, and 6 h after the inhibition of mRNA synthesis.
qRT-PCR results showed that PARP1 mRNA was relatively stable in
AML shNC cells, and the degradation rate of PARP1 mRNA was sig-
nificantly accelerated after knocking uc002jit.1 down (Fig. 4E and F).
All the above evidence indicated that uc002jit.1 regulated PARP1 pro-
tein content and PARP1 enzyme activity by affecting the stability of
PARP1 mRNA in the cytoplasm.

3.5. uc002jit.1 knockdown inhibits DNA damage repair in AML cells

Since uc002jit.1 can affect PARylation in AML cells upon DNA da-
mage repair, we then explored its role in DNA damage repair. We used
flow cytometry to detect and quantify the damage in AML cells induced
by DNR. The results demonstrated that uc002jit.1 knockdown was able
to inhibit DNA repair in AML cells (Fig. 5A–D), resulting in DNA da-
mage accumulation. We obtained immune-fluorescence micrographs of
γH2AX foci using a confocal fluorescence microscope and analyzed the
mean number of γH2AX foci in per KG1α shNC and KG1α shUC cells
nucleus, which generated similar results with flow cytometry analysis
that are shown in Fig. 5E and F.

3.6. uc002jit.1 knockdown inhibits AML cell proliferation and increases
sensitivity to DNR in vitro

We found that uc002jit.1-knockdown AML cells proliferated more
slowly than vector AML cells during routine cell culture; therefore, we
quantified this phenomenon by cell counting. The results showed that
the cell density of the vector AML cells was approximately twice that of
uc002jit.1-knockdown AML cells after 6 days of culture, suggesting that

uc002jit.1 knockdown significantly inhibits cell proliferation (Fig. 6A
and B).

Moreover, we performed colony formation assays to detect the
proliferation inhibition of AML cells exposed to DNR over time by ob-
serving the size of a colony formed by a single cell. We inoculated AML
cells with or without DNR for 6 days in MethoCultTM medium. As
shown in Fig. 6C–F, uc002jit.1 knockdown not only inhibited the pro-
liferation of AML cells but also increased the sensitivity of AML cells to
the chemotherapeutic drug DNR.

3.7. uc002jit.1 knockdown inhibits AML cell proliferation and increases
sensitivity to DNR in vivo

In view of the significant biological function of uc002jit.1 in vitro,
we examined the effects of uc002jit.1 on the proliferation and drug
sensitivity of AML cells in nude mice with KG1α xenograft tumors.
KG1α shNC and KG1α shUC#1 cells were injected subcutaneously into
the right flanks of 20 male BALB/c nude mice. Two weeks later, 14 and
10 mice developed tumors in the KG1α shNC and KG1α shUC#1
groups, with 70% and 50% tumor formation rates, respectively. The
tumor-bearing mice were randomly divided into two groups and treated
with PBS or DNR. The tumor growth rate in the KG1α shUC#1 group
was slower than that in the KG1α shNC group (Fig. 7A). The inhibition
rate of DNR in KG1α shUC#1 tumors was 78.62%, while it was 31.24%
in KG1α shNC tumors (Fig. 7B), suggesting that uc002jit.1 knockdown
inhibits AML tumor formation and increases the sensitivity of AML
tumors to chemotherapy drugs in vivo.

4. Discussion

LncRNAs represent an interesting subgroup of noncoding RNAs that
have been found to play powerful roles in various cancers, but most
noncoding RNAs have unknown functions. They are generally classified
into five categories: antisense lncRNA, intron transcript lncRNA, large

Fig. 4. uc002jit.1 located in cytoplasm affects the
stability of PARP1 mRNA. A and B, FISH assays were
performed to determine the subcellular localization
of uc002jit.1 in AML cells. Blue fluorescence re-
presents the nucleus, red fluorescence represents
uc002jit.1. C and D, qRT-PCR was conducted to de-
tect the expression of uc002jit.1 in cytoplasm and
nucleus. E and F, The effect of uc002jit.1 on the
stability of PARP1 mRNA was determined by qRT-
PCR. Data represent the mean ± SD of three in-
dependent experiments. *P < 0.05.
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Fig. 5. uc002jit.1 knockdown inhibits DNA damage repair in AML cells. A – D, The DNA damage repair in shNC and shUC AML cells were detected by flow cytometric
analyses, representative images (A and B), the quantization of γH2AX (%) (C and D). E and F, The DNA damage repair in shNC and shUC KG1α cells were detected by
immunofluorescence, micrographs of γH2AX foci (E); the mean number of γH2AX foci in at least 100 cell nucleus (F). Data represent the mean ± SD of three
independent experiments. *P < 0.05.

D. Li, et al. Experimental Cell Research 391 (2020) 111985

7



intergenic noncoding RNA (lincRNA), promoter-related lncRNA, and
untranslated region-related lncRNA [32]. uc002jit.1 (D43770) is a
UCSC_known lincRNA, which has not been reported. We searched da-
tabases and confirmed that uc002jit.1 is indeed a noncoding RNA with a
stable secondary structure. In our study, we first found that uc002jit.1 is
one of the target genes of RELA, RELA regulates the transcription of
uc002jit.1 by binding to its promoter (Fig. 2).

LncRNAs may be localized in the nucleus, cytoplasm, or both [33].
Nuclear lncRNAs can regulate the chromatin architecture of cells by
interacting with chromatin remodeling complexes. They also regulate
gene expression on the same chromosome [34]. Cytoplasmic lncRNAs
play important roles in mRNA stability, translation regulation, and
protein modification, serving as competing endogenous RNAs or func-
tioning via many other molecular mechanisms [35]. Our results of FISH
and qRT-PCR showed that the majority of uc002jit.1 was located in the

cytoplasm (Fig. 4). After PARP1 mRNA was transcribed and transported
to the cytoplasm, uc002jit.1 regulated the stability of PARP1 mRNA,
thereby affecting the content of the PARP1 protein and the activity of
the PARP1 enzyme upon DNA damage repair (Fig. 3). RELA/uc002jit.1/
PARP1 formed a regulatory network upon DNA damage repair in AML
cells (Fig. 5). The specific molecular mechanism by which uc002jit.1
affects the stability of PARP1 mRNA will be explored in future studies.

We also found that the proliferation rate was significantly slower in
uc002jit.1-knockdown AML cells (Fig. 6). We hypothesized that
uc002jit.1 knockdown may cause AML cell cycle arrest; therefore, we
tested the effect of uc002jit.1 on the AML cell cycle with propidium
iodide (PI) single staining. Unexpectedly, we found that the percentage
of cells in each phase did not change significantly with or without
uc002jit.1 knockdown (Supplementary Fig. 3), which may have oc-
curred because uc002jit.1 knockdown causes the same prolongation of

Fig. 6. uc002jit.1 knockdown inhibits AML cell proliferation and increases sensitivity to DNR in vitro. A and B, Cell counting was performed to examine the effect of
uc002jit.1 on the proliferation of AML cells. C - F, A colony formation assay was performed to determine the effect of uc002jit.1 on AML cell proliferation and drug
sensitivity. The number of cells in single colony was quantified by Image J software, data are expressed as the mean ± SD of at least 50 single colony from three
independent experiments. *P < 0.05.
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the various phases of the cell cycle or because of cellular heterogeneity
(i.e., the cell cycle processes of different cells in the same cell culture
medium are different). To rule out the interfering effect of these factors
on the results, we starved the AML cells, synchronized the cells into the
dormant phase (G0/G1 phase), and then stimulated them to enter the
proliferative phase. We found that the proportion of cells entering the
G2/M phase was significantly lower for uc002jit.1-knockdown AML
cells than for AML vector cells, indicating that the proliferation ability
of uc002jit.1-knockdown cells was significantly reduced
(Supplementary Fig. 4).

LncRNAs are easily detected in saliva, blood, serum, urine or tissue,
so they are rather attractive for clinical diagnosis and prognosis [36].
We found that uc002jit.1 knockdown not only inhibited the growth of
AML cells but also increased the sensitivity of AML cells to DNR in vitro
(Fig. 6). In addition, AML xenograft tumor experiments also showed
that uc002jit.1 knockdown inhibited the formation and development of
AML tumors and improved the efficacy of chemotherapy drugs in vivo.
These results indicated that uc002jit.1 may be a diagnostic and prog-
nostic biomarker, high uc002jit.1 expression may indicate high occur-
rence and poor prognosis of AML. Meanwhile, uc002jit.1 also can be
used as a therapeutic target for AML, there are many different methods
to target it for treatments, such as degradation induced by locked nu-
cleic acid molecules or siRNAs, as well as gene editing mediated by
CRISPR/Cas9 or gene expression regulated by exosomal delivery. At
present, the largest puzzle related to these approaches is how to transfer
the respective molecules specifically to preselected tissues/cells.

5. Conclusions

In conclusion, we provide a new biomarker for AML diagnosis/
prognosis and may pave the way for novel therapeutic interventions
targeting the noncoding transcriptome.
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