AGING 2023, Vol. 15, No. 22

www.aging-us.com

Research Paper

Lnc-PTCHDA4-AS inhibits gastric cancer through MSH2-MSH6
dimerization and ATM-p53-p21 activation

Jingyun Wang'?", Yang Mi*>*", Xiangdong Sun®?", Xia Xue?, Huanjie Zhao?, Mengfei Zhang'?3,
Baitong Hu'?, Ihtisham Bukhari'3, Pengyuan Zheng'?3

'Henan Key Laboratory for Helicobacter pylori and Microbiota and Gl Cancer, Marshall Medical Research Center,
Fifth Affiliated Hospital of Zhengzhou University, Zhengzhou 450000, China

2Academy of Medical Science, Zhengzhou University, Zhengzhou 450000, China

3Department of Gastroenterology, Fifth Affiliated Hospital of Zhengzhou University, Zhengzhou 450000, China
*Equal contribution

Correspondence to: Pengyuan Zheng, Ihtisham Bukhari; email: pyzheng@zzu.edu.cn, bukhari5408@gmail.com,
https://orcid.org/0000-0002-0728-1840

Keywords: gastric cancer, long non-coding RNA PTCHD4-AS, DNA mismatch repair proteins, MSH2-MSHS, cisplatin
Received: August 25, 2023 Accepted: November 6, 2023 Published: November 27, 2023

Copyright: © 2023 Wang et al. This is an open access article distributed under the terms of the Creative Commons Attribution
License (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
author and source are credited.

ABSTRACT

Conserved long non-coding RNAs (IncRNAs) have not thoroughly been studied in many cancers, including gastric
cancer (GC). We have identified a novel IncRNA PTCHD4-AS which was highly conserved between humans and
mice and naturally downregulated in GC cell lines and tissues. Notably, PTCHD4-AS was found to be
transcriptionally induced by DNA damage agents and its upregulation led to cell cycle arrest at the G2/M phase,
in parallel, it facilitated the cell apoptosis induced by cisplatin (CDDP) in GC. Mechanistically, PTCHD4-AS
directly bound to the DNA mismatch repair protein MSH2-MSH6 dimer, and facilitated the binding of dimer to
ATM, thereby promoting the expression of phosphorylated ATM, p53 and p21. Here we conclude that the
upregulation of PTCHD4-AS inhibits proliferation and increases CDDP sensitivity of GC cells via binding with
MSH2-MSH6 dimer, activating the ATM-p53-p21 pathway.

INTRODUCTION target for chemosensitization and radiosensitization of

cancer cells [13]. Similarly, IncRNA ARA with a

Long noncoding RNAs (IncRNAs) are a type of
transcripts longer than 200 nucleotides without encoding
any functional protein [1, 2]. LncRNAs widely regulate
various physiological and pathological processes,
such as embryonic development, cell differentiation,
cell proliferation, apoptosis, tumorigenesis and drug
resistance [3—5]. During the evolutionary process from
lower to higher organisms, only a tiny fraction of
IncRNA showed evolutionary conservation [6—8], and
some of the conserved IncRNAs are known to play an
essential role in tumor development, progression, and
treatment [9—12]. For instance, IncRNA MALATI is
conserved between humans and mice, and it is aberrantly
expressed in a variety of tumors [13], such as lung
cancer [14], breast cancer [15], glioma [16] and colon
cancer [17]. It plays an oncogenic role [18], serves as a

conserved sequence in primates [19] is known to
significantly increase the sensitivity of cancer cells to
drugs and inhibit the development of breast and
hepatocellular carcinoma by activating MAPK signaling
and metabolic pathways [20]. Similarly, IncRNA
HOTAIR conserved between humans and mice can
inhibit DNA damage repair and increases apoptosis
through p53, thus suppressing tumor cell growth
[21,22].

A large number of abnormally expressed IncRNAs
have been found in gastric cancer (GC), and some may
act as oncogenes or tumor suppressor [23-25].
However, there are few studies on conserved non-
coding RNAs in GC. The interspecies conserved
IncRNA H19 promotes GC proliferation by inhibiting
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p53 [26]. IncRNA HOTAIR also acts as a competitive
endogenous RNA to promote proliferation and
metastasis in gastric cancer [27, 28].

In this study, we obtained conserved IncRNA
information between humans and mice by homo-
logous sequence alignment. We selected a IncRNA
encoded by the antisense strand of the PTCHD4
genes; thus, we named it PTCHD4-AS. This IncRNA
was naturally downregulated in the gastric cancer
tissues and several GC cell lines. We demonstrated
through in vitro and in vivo experiments that up-
regulation of PTCHD4-AS inhibited the proliferation
of gastric cancer cells and increased CDDP-induced
apoptosis via interacting with DNA mismatch repair
proteins MSH2-MSHG6 dimer and activating the ATM-

RESULTS

PTCHD4-AS was downregulated and transcriptionally
induced by DNA damage in GC

To explore the role of highly conserved IncRNAs in GC,
we obtained human and mouse non-coding RNA
sequences from the NONCODE (V6) database [29],
which contained 173,112 and 131,974 sequences,
respectively. Homologous sequence alignment was
conducted using the Basic Local Alignment Search Tool
(BLAST) version 2.11.0 or higher [30] and selected the
top 10 highly conserved IncRNAs for further analyses
(Figure 1A and Supplementary Table 2).

Using RT-qPCR, we analyzed the levels of expression
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Figure 1.

Identification and characterization of PTCHDA4-AS.

(A) Diagram of the screening strategy for conserved IncRNAs.

(B) Relative expression levels of PTCHD4-AS in normal gastric epithelial cell line (GES-1) and GC cell lines (AGS, SGC7901, MGC803, MKN45
and NCI-N87). (C) Relative expression levels of PTCHD4-AS in paired GC tissues and adjacent normal gastric tissues. n=23. (D) Schematic
diagram of the transcription of PTCHD4-AS. (E) Subcellular localization of PTCHD4-AS in SGC7901 and MGC803. DAPI labeled nuclei(blue);
FISH probe labeled PTCHD4-AS (red), scale bar: 20 um. (F) Relative expression of PTCHD4-AS after treatment of SGC7901 and MGC803 with
the indicated concentrations of drugs for 48 h. Etop :20 uM, 5-FU :20 uM, CDDP: 10 uM, Dox:4 uM. All data are presented as mean = SD, * P <

0.05, ** P<0.01, *** P<0.001.
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(Supplementary Figure 1A). We found that IncRNA
NONHSAT?207347, exhibited a notably low expression
in many GC cell lines (AGS, SGC7901, MGCB803,
MKN45, and NCI-N87) as compared to the normal
gastric epithelial cell line GES-1 (Figure 1B).
Moreover, its expression was also reduced in GC tissues
compared to paired normal tissues (Figure 1C). This
IncRNA (NONHSAT207347) is a transcript located on
chromosome 6 (48,068,268-48069522, GRCh38/hg38)
and transcribed from the antisense strand of the protein-
coding gene PTCHD4. Therefore, it was named
PTCHD4-AS (Figure 1D). RACE assay confirmed its
length is about 500 nucleotides (Supplementary Figure
1B), and CPAT [31] predicted that PTCHD4-AS does
not encode a protein (Supplementary Figure 1C). Using
FISH analysis and cytoplasmic and nuclear RNA
fractionation assay, we observed that PTCHD4-AS is
mainly localized in the nucleus (Figure 1E and
Supplementary Figure 1D). Interestingly, we observed
that the expression of PTCHD4-AS was significantly
induced by various DNA-damaging agents (5-
fluorouracil, cisplatin, doxorubicin, and etoposide) in
GC cells (Figure 1F).

PTCHD4-AS as a tumor suppressor in GC in vitro

In order to examine the impact of PTCHD4-AS on GC
cell proliferation, we employed lentiviral transduction
to overexpress PTCHD4-AS in SGC7901 and MGC803
cells (Figure 2A), showing that the overexpression of
PTCHD4-AS significantly proliferation (Figure 2B, 2C)
and colony formation capabilities of SGC7901 and
MGCS803 cells (Supplementary Figure 2A). The results
of the Western blot analysis demonstrated that the
overexpression of PTCHD4-AS led to an elevation in
the protein levels of p53 and p21, which are recognized
as crucial regulators of cell cycle arrest (Figure 2D).
The flow cytometry confirmed that the overexpression
of PTCHD4-AS resulted in cell cycle arrest, specifically
at the G2 phase (Figure 2E, 2F). These findings indicate
that PTCHD4-AS exhibit tumor suppressive properties
in GC.

PTCHD4-AS interaction with MSH2-MSH6 dimer
in GC

To identify the proteins that interact with PTCHD4-AS,
we performed RNA pull-down assay using biotin-
labeled PTCHD4-AS probes or control probes in GC
cells (Figure 3A). Mass spectrometry analysis revealed
that MSH2 and MSH6, two components of the DNA
mismatch repair (MMR) pathway [32, 33], were
potentially associated with PTCHD4-AS (Figure 3B and
Supplementary Figure 2B). Western blot analysis
confirmed that MSH2 and MSH6 were enriched in the
PTCHD4-AS pull-down lysate (Figure 3C).

In order to verify the interaction of PTCHD4-AS and
MSH2-MSH6 dimer, we performed the colP assay
using anti-MSH2 and anti-MSH6 antibodies in GC
cells. We found that PTCHD4-AS was co-precipitated
with both MSH2 and MSHS6, indicating that it binds to
the MSH2-MSH6 dimer (Figure 3D, 3E). Since
PTCHD4-AS was mainly localized in the nucleus, as
shown in Figure 1E and Supplementary Figure 1D,
suggesting possible interaction with nuclear proteins
such as MSH2 and MSH6. The main localization of
MSH2 and MSH6 was detected within the nucleus of
GC cells [34], suggesting a possible co-localization with
PTCHDA4-AS. Indeed, FISH and immunofluorescence
co-staining showed that PTCHD4-AS and MSH2 were
co-localized in the nucleus of GC cells (Figure 3F).
These findings demonstrate that PTCHDA4-AS directly
interacts with MSH2-MSH6 dimer in GC.

PTCHD4-AS suppressed GC proliferation via
MSH2-MSH6 dimer

Previous studies observed that overexpression of MSH2
or MSH6 in cancer cells led to MMR-dependent
activation of DNA damage signaling and cell cycle
G2/M arrest [35-37]. Moreover, it has been reported
that the stability of MSH6 protein depends on its
interaction with MSH2 [34]. Consequently, we
postulated that the PTCHD4-AS influence the activity
of the MSH2-MSH6 dimer in GC cells. Therefore, we
employed small interfering RNAs (siRNAs) to suppress
the production of MSH2 in GC cells. It was observed
that the downregulation of MSH2 led to a considerable
decline in the protein expression of MSH6 (Figure 4A).
Furthermore,  this = downregulation of MSH2
counteracted the inhibitory impact of PTCHD4-AS on
the proliferation of GC cells (Figure 4B). Additionally,
it was observed that the downregulation of MSH2
resulted in the reversal of the G2/M phase arrest caused
by the overexpression of PTCHD4-AS (Figure 4C, 4D),
suggesting that the tumor suppressive impact of
PTCHD4-AS is facilitated by its interaction with the
MSH2-MSH6 dimer.

PTCHD4-AS activates the ATM-p53-p21 pathway
by promoting MSH2-MSH6 dimerization

Our findings demonstrated that the PTCHDA4-AS
molecule effectively suppressed the proliferation of GC
cells through its interaction with the MSH2-MSH6
dimer. Nevertheless, the impact of PTCHD4-AS on the
protein expression of MSH2 and MSH6 was not seen
(Figure 4A), indicating that it might functionally regulate
it. In light of the fact that the MSH2-MSH6 dimer is
assembled through the ATPase domain of MSH2, we
aimed to examine the potential interaction between
PTCHD4-AS and this specific domain. The MSH2
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protein encompasses three distinct domains in sequential
order from its N-terminal to C-terminal regions. These
domains include the N-terminal DNA mismatch repair
binding domain (amino acids 1 to 300), the lever and
clamp structural domain (amino acids 300 to 620), and
the ATPase structural domain (amino acids 620 to 934)

(54). We generated truncated MSH2 constructs according
to these domains (Figure 5A) and performed flag-RIP
assay using anti-flag antibody. We found that PTCHDA4-
AS bound to the ATPase domain of MSH2 (Figure 5B,
5C), indicating that it may facilitate the MSH2-MSH6
dimerization.
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Figure 2. Upregulation of PTCHD4-AS suppressed GC cell proliferation in vitro. (A) Overexpression efficiencies of PTCHD4-AS was
analyzed by gPCR in SGC7901 and MGC803. (B) Viability of SGC7901 and MGC803 cells stably overexpressing EV or PTCHD4-AS.
(C) Representative images of EdU in SGC7901 and MGC803 cells stably overexpressing EV or PTCHD4-AS and statistical analysis of Edu-positive
cells. (D) Expression of p53 and p21, key proteins of the cell cycle pathway, was detected in the indicated cells by western blotting. (E, F) Cell
cycle analysis by FACS in SGC7901 and MGC803 cells stably expressing EV or PTCHD4-AS. (A—F) EV indicates cells transfected with blank vector
and PTCHD4-AS indicates cells transfected with IncRNA PTCHD4-AS. Data are presented as mean + SD, * P < 0.05, ** P <0.01, *** P < 0.001.
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Previous studies have reported that the MSH2-MSH6
dimer could bind to and phosphorylate ATM, a key
kinase in the DNA damage response pathway [38].
Moreover, activated ATM could phosphorylate p53 and
activate its downstream target p21, finally leading to
cell cycle arrest [39, 40]. Hence, we hypothesized
that PTCHD4-AS might enhance the MSH2-MSH6
dimerization and promote its interaction with ATM,
which in turn activates the ATM-p53-p21 pathway.
To test this hypothesis, we performed a colP assay
using anti-MSH2 antibody in GC cells overexpressing

PTCHD4-AS or empty vector. It was found that more
MSH6 and ATM were co-precipitated with MSH2 in
PTCHD4-AS overexpressing cells than in control cells
(Figure 5D, S5E). Furthermore, it was found that
PTCHDA4-AS overexpression increased the expression
of phosphorylated ATM, p53 and p21. These effects
were reversed by MSH2 knockdown (Figure 5F, 5G).
In addition, these results suggested that PTCHD4-AS
possibly scaffold MSH2 and MSH6 and activated the
ATM-p53-p21 pathway by enhancing the MSH2-
MSH6 dimerization.
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Figure 3. PTCHD4-AS interacted with MSH2-MSH6 dimer in GC. (A) SDS-PAGE of pull-down assay of whole cell lysates from SGC7901
cells using a biotin-labeled control/PTCHD4-AS probe showing PTCHD4-AS binding proteins. (B) Protein characterization of highly unique
peptides by mass spectrometry. (C) Western blot analysis of the biotin-labeled probe pull-down eluate in (A). (D) RIP assay of anti-MSH2 or
anti-MSH6 antibodies in SGC7901 and MGC803 cells confirmed that PTCHD4-AS interacted with the MSH2-MSH6 dimer. The levels of PTCHD4-
AS in the precipitates were detected by RT-qPCR, and I1gG was used as a negative control. (E) MSH2 and MSH6 protein levels in the precipitates
were detected by Western blotting, and GAPDH was used as a loading control. (F) Representative confocal images and co-localization analysis
of PTCHD4-AS (red) and MSH2 (green) in SGC7901 and MGC7901 cells. Data are presented as mean + SD, * P<0.05, ** P<0.01, *** P <0.001.
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PTCHD4-AS enhanced the sensitivity of GC cells to
cisplatin via MSH2-MSH6 dimer

Cisplatin (CDDP) is one of the most commonly used
first-line chemotherapy drugs for GC [41]. However,
its efficacy is often limited by drug resistance, which
has been associated with impaired MMR function
[42, 43]. Hence, we assessed the potential effect
of PTCHD4-AS on the cellular response of GC
cells towards cisplatin. It was observed that the
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overexpression of PTCHD4-AS resulted in decreased
IC50 of CDDP in both SGC7901 and MGC803 cells
(Figure 6A, 6B). Furthermore, we determined that the
overexpression of PTCHD4-AS alone did not
substantially induce apoptosis in GC cells. However, it
did improve the apoptotic effect of CDDP. The
observed effect was reversed after MSH2 knockdown
(Figure 6C, 6D). These findings suggest that
PTCHD4-AS enhances the sensitivity to CDDP via the
MSH2-MSH6 dimer.
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proliferation assays after transduction with siCtrl or siMSH2 for 72 h. (C, D) Cell cycle analysis after transduction with siCtrl or siMSH2 for 48 h.

Data are presented as mean +SD, * P <0.05, ** P <0.01, *** P <0.001.
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PTCHD4-AS inhibited GC growth and increased
cisplatin sensitivity in vivo

In order to comprehensively determine the tumorigenic
function of PTCHD4-AS and its impact on cisplatin
therapy in vivo, we developed a xenograft model
by introducing SGC7901 cells that were stably
transfected with either PTCHD4-AS or an empty
vector (Figure 7A). The tumor development was
significantly  suppressed in the overexpressed
PTCHD4-AS group compared to the control group
(Figure 7E). Immunohistochemical staining of tumor

samples revealed that PTCHD4-AS overexpression
inhibited Ki67 production, a standard assay for
measuring cell proliferation. This effect was observed
regardless of whether cisplatin therapy was
administered or not. In contrast, the TUNEL assay
demonstrated that the overexpression of PTCHD4-AS
resulted in an elevated ratio of apoptotic cells within
tumors that were subjected to cisplatin treatment
(Figure 7F). The results suggested that PTCHD4-AS
exerts inhibitory effects on the growth of and improves
the sensitivity of GC cells to cisplatin treatment
in vivo.
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DISCUSSION

The evolutionary conservation is frequently utilized as
a means to evaluate the regulatory significance of
recently discovered genes [44-46]. For example,
Oskar et al. identified Pint, a widely expressed
mouse IncRNA, as a direct p53 transcriptional target.

Additionally, it was shown that the p53 protein
controlled the human counterpart of PINT. Furthermore,
the expression of PINT was found to be reduced in
cases of colorectal cancer, whereas increased expression
of PINT was observed to hinder the proliferation of
tumor cells [47]. Subsequent investigations have
provided additional evidence indicating that long
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Figure 7. PTCHD4-AS inhibited GC growth and increased cisplatin sensitivity in vivo. (A) Schematic diagram of the xenograft tumor
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different treatment groups. (D) Tumor weights of different treatment groups at the end of the experiment. (E) Tumor inhibition rate of CDDP
between EV and PTCHD4-AS groups. (F) Representative images and proportion of positive cells of Ki67 detected by IHC and apoptotic cells
detected by TUNEL. Data are presented as mean + SD, * P <0.05, ** P <0.01, *** P <0.001.
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non-coding RNA PINT has a regulatory influence on
the proliferation of tumor cells and their sensitivity to
radiochemotherapy across a range of malignancies [48],
including gastric cancers [49], nasopharyngeal cancers
[50], and skin cancers [51], and serves as a diagnostic/
prognostic marker of cancer [52, 53].

In this study, we found a novel IncRNA PTCHD4-AS
were conserved between humans and mice, as well as
low expressed in GC tissue and cell lines generally.
Notably, the transcription of IncRNA PTCHD4-AS was
increased in response to DNA damage induction. Some
DNA damage responsive IncRNAs, including IncRNA
RoR [54], PANDA [55], and Meg3 [56] interact with
different proteins involved in the cell cycle and
apoptosis. We speculated that PTCHD4-AS might play
a tumor suppressor role by participating in the DNA
damage response. The study revealed that the
overexpression of PTCHD4-AS led to the suppression
of growth in GC cells by causing cell cycle arrest in the
G2/M phase. Consistent with this, overexpression of
PTCHDA4-AS resulted in elevated levels of p53 and p21,
which are the key proteins involved the cell cycle.

We further found that PTCHD4-AS binds with MSH2-
MSH6 dimer which are essential proteins in DNA
mismatch repair (MMR) [57]. It was found that cancer
cells with MMR activation can lead to cell cycle arrest
in the G2 phase, while MMR deficiency leads to
reduced G2/M cell cycle arrest and reduced activation
of the p53 pathway [32, 58]. To investigate whether
MSH2-MSH6 dimer is responsible for the effect of
PTCHD4-AS, we interfered with the expression of
MSH2 and MSH6 by siRNA and found that it reversed
the inhibition of cell growth and the arrest of cell
cycle caused by upregulation of PTCHD4-AS. These
data supported that PTCHD4-AS suppressed GC
proliferation via MSH2-MSH6 dimer.

Then we investigated the effect of PTCHD4-AS on
MSH2-MSH6 dimer and found that PTCHD4-AS did
not directly affect the protein expression. Protein
truncation experiments revealed that PTCHD4-AS
binds to the ATPase structural domain of MSH2. Both
MSH2 and MSH6 have a conserved ATPase structural
domain, which also serves as a binding site for the
dimer, and mutations in the binding site can inhibit
MMR activation in vivo and in vitro [59, 60]. In other
words, the ATP-binding domains are required to bind to
each other to form an active dimer. In addition, MMR
system acts as a molecular scaffold at DNA damage
sites and promotes the activation of DNA damage
pathway-associated kinases [32, 35], such as MSH2 can
bind and activate ATM by phosphorylating it [38].
Therefore, we hypothesized that PTCHD4-AS regulates
cell proliferation by affecting the activity of MSH2-

MSH6 dimer. We confirmed by colP assay that
PTCHD4-AS  promotes MSH2-MSH6  complex
formation and binding to ATM. Furthermore, we found
that overexpression of PTCHD4-AS increased the
expression of pATM, p53 and p21, which was reversed
by disruption of MSH2. Thus, PTCHD4-AS may
promote the formation of MSH2-MSH6 dimer through
“scaffolding”, which activates the ATM-p53-p21
pathway.

CDDP is a first-line chemotherapeutic regimen that
induces DNA damage and activates cell cycle
checkpoints primarily through forming platinum-DNA
polymers, leading to apoptosis of cancer cells [49, 61,
62]. It has been known that the MSH2- MSH6 dimer
recognizes cisplatin, and its functional defects can
enhance resistance to cisplatin [63]. In bladder cancer,
patients with low MSH2 protein levels have poor
overall survival on CDDP-based therapy [64]. Whereas
activation of MMR in ovarian and colon cancer cells
increases the sensitivity to chemotherapeutic agents
[65]. Since overexpression of PTCHDA4-AS can activate
MMR by promoting MSH2-MSH6 dimerization, it may
enhance the cytotoxicity of cisplatin to GC cells, which
was experimentally confirmed in this study. The cell
cycle is a crucial factor affecting chemotherapy
sensitivity [66, 67]. While PTCHD4-AS overexpression
leads to cell cycle arrest, DNA damage caused by
chemotherapy drugs can increase the transcription of
PTCHD4-AS, further amplifying this effect, thereby
increasing the therapeutic effect. The study also
provides in vivo evidence of the anti-tumor effect of
PTCHDA4-AS using a mouse xenograft model.

In summary, we found a novel conserved IncRNA
PTCHD4-AS and its overexpression inhibits GC cell
proliferation and enhances the sensitivity to cisplatin.
Mechanistically, PTCHD4-AS overexpression activates
ATM-p53-p21 pathway by binding to MSH2-MSH6
dimer. Our study enriches the fact that conserved
IncRNAs PTCHD4-AS plays a crucial role in GC
development and may potentially be used as a
chemotherapeutic target.

MATERIALS AND METHODS
Cell and tissue samples

This work obtained human normal gastric epithelial cell
line (GES-1) and GC cell lines (SGC7901, MGC803,
MKN45, AGS and NCI-N87) from the National
Collection of Authenticated Cell Cultures (Shanghai,
China. All cell cultures were maintained in RPMI-1640
medium (Gibco, USA), supplemented with 10% FBS
(Biological Industries, USA) and 1% penicillin-
streptomycin (Gibco, USA). HEK 293T was purchased
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from Procell company (Wuhan, China) and maintained
in high-sugar DMEM (Gibco, USA), supplemented with
10% FBS and 1% penicillin-streptomycin. All cells
were cultured in a constant-temperature cell culture
incubator at 37° C with constant supply of 5% CO,.

Paired GC tissue samples and corresponding adjacent
non-cancerous gastric tissue samples were obtained
from the Fifth Affiliated Hospital of Zhengzhou
University. All patients did not receive any treatment,
including chemotherapy, radiotherapy, or any other
medical intervention before surgery, and were
diagnosed according to pathological evidence, and
informed written consent was obtained for this study.
Experimental procedures and sample collection were
approved by the ethical committee of the Fifth
Affiliated Hospital of Zhengzhou  University
(KY2022048). We strictly followed the guidelines of
the Helsinki Declaration of 1964 and its latest
amendments.

RNA isolation and RT-qPCR

Total RNA from tissues/cells was extracted and purified
using TRIzol (Invitrogen, USA). RNA was reverse
transcribed to cDNA using ReverTra Ace qPCR RT Kit
(Toyobo, Japan). RT-qPCR was performed using the
Roche Light cycler480I1 system (Rochel, Switzerland)
and ChamQ Universal SYBR RT-qPCR Master Mix
(vazyme, China). The relative expression level of the
target genes was calculated by the 2724t method against
GAPDH. Supplementary Table 1 displays the primer
sequences.

Rapid amplification of cDNA ends (RACE)

RACE was conducted with SMARTer RACE 5/3° Kit
(Clontech, USA) according to the manufacturer’s
instructions. Briefly, the first strand (cDNA) was
reverse transcribed from total RNA using modified
oligonucleotides (supplied in the kit). 3'- or 5-RACE
fragments were amplified using the first strand as the
template using a gene-specific primer (GSP)
synthesized according to a known sequence. PCR
products of the RACE assay were separated using 2%
agarose gels.

RNA FISH

Cy3-labeled PTCHD4-AS probes were synthesized by
RiboBio company (China). Fluorescent in Situ
Hybridization Kit (RiboBio, China) was applied to
hybridize the probes to cells following the
manufacturer’s instructions. Briefly, cells grown on 15
mm round coverslips were sequentially fixed with 4%
paraformaldehyde for 10 min, permeabilized with 5%

TritonX-100 for 5 min, blocked with pre-hybridization
Solution for 30 min at 37° C and co-incubated with
hybridization solution containing FISH probes at 37° C
overnight. Cells were then washed sequentially with
hybridization Wash I, II and IIl. The coverslips are
directly covered with DAPI-containing  anti-
fluorescence quencher. Images were captured using a
confocal laser scanning microscope (Carl Zeiss,
Germany).

Isolation of cytoplasmic and nuclear RNA

The cytoplasm and nucleus components were isolated
using a Nuclear and Cytoplasmic Protein Extraction Kit
(Beyotime, China) and RNase Inhibitor (Beyotime,
China). Briefly, after cell collection, 200 pL of
Cytoplasmic Protein Extraction Reagent A and 10 pL of
RNase Inhibitor per 20 uL of cell sediment were added
and ice bathed for 15 min. Then, we added 10 pL of
Cytoplasmic Protein Extraction Reagent B and
incubated on ice for 1 min. Then centrifuged at 12,000g
for 5 mins at 4° C and supernatant was separated and
precipitated completely, then added Trizol to extract
cytoplasmic and nuclear RNA. The expression of
PTCHDA4-AS was determined by RT-qPCR. GAPDH
and U6 were used as markers in the cytoplasm and
nucleus, respectively.

Plasmid construction and transfection

The entire length of PTCHD4-AS was cloned into
pLenti6-puro vector. Lentiviral particles were prepared
in HEK293T cells after transfecting with psPAX2,
pMD2.G, and plasmids with a ratio of 4:3:1, and cell-
free culture supernatants were used to infect gastric
cancer cells. Cells with stable expression of PTCHD4-
AS and negative control were selected with 4pug/ml of
puromycin (Invitrogen).

Truncated segments of MSH2 were amplified with
primers and subcloned into c-Flag pcDNA3 (Addgene
plasmid#20011). MSH2 RNAi were purchased from
Genepharma company (Shanghai, China). Both
truncated MSH2 and siRNA were transfected using
Lipo2000 (Invitrogen, USA) according to the
manufacturer’s instructions. Protein and RNA were
harvested after transfection (48 h).

Cell proliferation assay

For CCKS assays, ~2000 cells were seeded in a 96-well
plate and incubated for indicated time, meanwhile 10
pL of CCKS8 reagents was added. Cell viability was
determined by Cell Counting Kit-8 (Meilunbio, China),
and the absorbance at 450 nm was measured by (Bio-
Rad, USA).
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~500 cells were seeded in six-well plates for colony-
formation assays and incubated for 10-14 days. The
colonies were fixed with 4% paraformaldehyde
(Biosharp, China), stained with 0.5% crystal violet
(Beyotime, China), and photographed.

For the EdU assay, ~5x10* cells were seeded in a six-
well plate, incubated for 48 h, and then incubated with
10 uM EdU for 2 h. Cell viability was detected by EAU
Cell Proliferation Kit with Alexa Fluor 488 (Meilunbio,
China) according to the manufacturer’s instructions.

Cell apoptosis assays

Cell apoptosis assays were carried out using the
Annexin V-FITC/PI Apoptosis Detection Kit (KeyGEN,
China). Cisplatin was dissolved in PBS. Cells were
seeded into a six-well plate with/without cisplatin
treatment. Apoptosis was measured and observed by
flow cytometry using the BD FACS Aria™ III (BD
Biosciences, USA). Data were analyzed by FlowlJo
software.

Cell cycle assays

Cell cycle assays were conducted using the Cell Cycle
Staining Kit (Multi Science, China). The cell cycle was
measured and observed by flow cytometry using the
BDAccuriC6 (BD Biosciences, USA). Data were
analyzed by Modfit LT software.

Western blotting

Whole cell lysates were made using RIPA buffer
(Epizyme Biotech, China) containing protease inhibitor
(Thermo Fisher, USA) and phosphatase inhibitor
(Beyotime, China). The concentrations of protein were
evaluated by BCA kit (Thermo Fisher, USA), mixed
with SDS loading buffer, and boiled at 100° C for 10
min. The protein samples were subjected to SDS PAGE
and transferred to nitrocellulose membranes. The
membranes were blocked using a 5% solution of non-fat
milk in TBST for 1 hour at room temperature.
Subsequently, the membranes were incubated overnight
at 4° C with primary antibodies. The primary antibodies
used were as follows: p53 anti-mouse (ab137797,
Abcam, UK), p21(10355-1-AP, Proteintech, USA),
MSH2 Polyclonal antibody (15520-1-AP, Proteintech,
USA), MSH6 (18120-1-AP, Proteintech, USA), ATM
(27156-1-AP, Proteintech, USA), Phospho-ATM
(Ser1981) (5883, CST, USA), Flag (66008-4-Ig,
Proteintech, USA), B-tubulin (10094-1-AP, Proteintech,
USA) and GAPDH (60004-1-Ig, Proteintech, USA).
After washing with TBST, the membranes were
incubated with HRP-conjugated secondary goat anti-
mouse (ZB2305) or goat anti-rabbit (ZB-2301)

antibodies (ZSGB-BIO, China) or HRP-goat anti-mouse
IgG LCS (AMIJ-AB2016, Abbkin, China) for 1 h at
room temperature. Protein bands were visualized using
enhanced chemiluminescence (Epizyme Biotech, China).

RNA pull-down assay and RNA binding protein
immunoprecipitation assay (RIP)

For RNA pull-down, biotin-labeled IncRNA probes and
control probes against PTCHD4-AS were synthesized by
General Biotechnology (Anhui, China). All solutions
were prepared in DEPC water. In short, the probes were
incubated with the streptavidin Dynabeads (MCE, USA)
at 4° C overnight. The next day, the fresh cells were
collected and lysed with IP buffer (25 mM Tris-HCI 150
mM NaCl 1 mM EDTA 1% NP-40) supplemented with
RNase Inhibitor (MCE, USA) and protease inhibitor
cocktail (PIC) on ice for 30 min, then centrifuged at
12,000 rpm for 20 min and the supernatants were
collected. The supernatants were incubated with the
probe-beads complex at 4° C for 3 h. The beads were
resuspended in SDS loading buffer (Epizyme Biotech,
China) after being rinsed with IP solution 5 times.
Boiling at 100° C for 10 min, eluted the proteins bound
to the probes, which SDS-PAGE then separated.
Nevertheless, the examination of the gel bands was
conducted utilizing mass spectrometry. The sequences of
the probes are available in Supplementary Table 1.

For RIP, anti-MSH2, anti-MSH6 antibody, and IgG
were incubated with protein A/G magnetic beads
overnight at 4° C. Cells were lysed, centrifuged,
incubated with magnetic beads, and eluted as described
above. Finally, RNA was isolated and purified using
phenol-chloroform extraction, and the relative enrich-
ment of PTCHD4-AS was analyzed by RT-qPCR.

Co-immunoprecipitation (coIP)

The specified antibodies or IgG control were
incubated overnight at 4° C with protein A/G beads
(MCE, USA). Fresh cells were lysed in IP buffer
supplemented with protease inhibitor cocktail (PIC)
for 20 min on ice. Cell lysates were incubated with
different antibody-beads complexes for 6 h at 4° C
before washing 5 times in IP buffer. The proteins
attached to the antibodies were extracted by boiling at
a temperature of 100° C for 10 min. Subsequently,
these proteins were separated and visualized using
SDS-PAGE. The protein levels were evaluated using
the western blotting technique.

Animal experiment

Female BALB/c nude mice aged 3-4 weeks were
purchased from Huafukang Biotechnology (Beijing,
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China) and acclimatized in the SPF-grade standard
animal house of the Fifth Affiliated Hospital of
Zhengzhou University for one week. About 5x10°
SGC7901 cells stably expressing PTCHD4-AS and
empty vector were injected subcutaneously into the
back of the mice. Upon attaining a tumor volume of
around 100 mm?, the mice were randomly allocated
EV+PBS group, PTCHD4-AS+PBS group, EV+CDDP
group, and PTCHD4-AS+CDDP group (n=5). CDDP (4
mg/kg) or an equivalent volume of PBS was injected
intraperitoneally every two days six times. The tumor
length (a) and width (b) were measured twice a week
using a caliper, and the tumor volume (V) was
calculated as V(mm3) =1/2ab% On day 24, mice were
euthanized using anesthesia, and tumors were excised,
weighed, and fixed in 4% paraformaldehyde (Biosharp,
China).

HE, IHC and TUNEL

Hematoxylin and eosin (HE) staining, Ki67
immunohistochemistry (IHC), and terminal deoxy-
nucleotidyl transferase-mediated dUTP nick end
labeling (TUNEL) test were performed on paraffin-
embedded tumor sections. Ki67 was evaluated by IHC
using the SPlink Detection Kit (ZSGB-BIO, China)
after sections were stained with HE-staining kit
(Beyotime, China). To do this, we used Ki67 (ab15580;
Abcam, UK) as our main antibody. The TUNEL test
was performed using the /n Situ Cell Death Detection
Kit (Beyotime, China), while Image]J was used to
quantify how many cells stained positive for Ki67 or
TUNEL.

Statistical analysis

All of the statistical analyses were performed using
Prism 8 (GraphPad, USA). The non-parametric the
Wilcoxon test was employed to compare the samples of
human subjects to accommodate non-normally
distributed data. Student’s t-test (unpaired, two-tailed)
was used to assess differences between two groups.
One-way analysis of variance (ANOVA) was used to
assess differences between three or more groups.
P < 0.05 was chosen as the level of statistical
significance. Asterisks denote significant differences
(*P < 0.05, ¥*P < 0.01, ***P < 0.001). All tests were
performed in triplicate, and the results are shown as the
mean, standard deviation to show both the average and
the range of results.

Data availability statement
The data from the study are included in the

supplementary material, and the authors should be
contacted for further consultation.

Consent statement

Informed consent was obtained from all subjects
involved in the study.

AUTHOR CONTRIBUTIONS

JW performed experiments, analyzed the data, and drafted
the manuscript. XS performed animal experiments and
provided technical assistance. HZ, MZ and HB performed
experiments. XX provided important technical assistance.
IB, YM and PZ conceived the research idea, provided
material support and performed revision of the
manuscript. IB designed the project, provided technical
assistance, and language editing, and reviewed and
revised the manuscript. PZ and IB, supervised overall
work, provided funding and approved the final version of
the manuscript. All authors have read and agreed to the
published version of the manuscript.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of
interest.

ETHICAL STATEMENT AND CONSENT

This research was approved on 1 December 2021 by the
Ethical Committee of the Fifth Affiliated Hospital of
Zhengzhou University (KY2022048). The studies were
conducted in accordance with the local legislation and
institutional requirements. The participants provided their
written informed consent to participate in this study. The
animal experiments were approved by The animal
Committee of the Fifth Affiliated Hospital of
Zhengzhou University (approval number 20211201).

FUNDING

This research was supported by National Key Research
and  development program in  China  (No.
2020YFC2006100); Zhengzhou Major Collaborative
Innovation Project (No. 18XTZX12003); Key projects
of discipline construction in Zhengzhou University (No.
XKZDJC202001); Fifth Affiliated Hospital of
Zhengzhou  University research  start-up  grant
(2023kyqdj02).

REFERENCES

1. Kung JT, Colognori D, Lee JT. Long noncoding RNAs:
past, present, and future. Genetics. 2013; 193:651-69.
https://doi.org/10.1534/genetics.112.146704
PMID:23463798

2. Huarte M, Marin-Béjar O. Long noncoding RNAs: from

WWWw.aging-us.com 13570

AGING


https://doi.org/10.1534/genetics.112.146704
https://pubmed.ncbi.nlm.nih.gov/23463798

10.

11.

identification to functions and mechanisms. AGG.
2015; 5:257-74.
https://doi.org/10.2147/AGG.S61842

Yao RW, Wang Y, Chen LL. Cellular functions of long
noncoding RNAs. Nat Cell Biol. 2019; 21:542-51.
https://doi.org/10.1038/s41556-019-0311-8
PMID:31048766

Shi X, Sun M, Liu H, Yao Y, Song Y. Long non-coding
RNAs: a new frontier in the study of human diseases.
Cancer Lett. 2013; 339:159-66.
https://doi.org/10.1016/j.canlet.2013.06.013
PMID:23791884

Bridges MC, Daulagala AC, Kourtidis A. LNCcation:
IncRNA localization and function. J Cell Biol. 2021;
220:202009045.
https://doi.org/10.1083/jcb.202009045
PMID:33464299

Guttman M, Amit |, Garber M, French C, Lin MF,
Feldser D, Huarte M, Zuk O, Carey BW, Cassady JP,
Cabili MN, Jaenisch R, Mikkelsen TS, et al. Chromatin
signature reveals over a thousand highly conserved
large non-coding RNAs in mammals. Nature. 2009;
458:223-7.

https://doi.org/10.1038/nature07672

PMID:19182780

Ulitsky I. Evolution to the rescue: using comparative
genomics to understand long non-coding RNAs. Nat
Rev Genet. 2016; 17:601-14.
https://doi.org/10.1038/nrg.2016.85

PMID:27573374

Hezroni H, Koppstein D, Schwartz MG, Avrutin A,
Bartel DP, Ulitsky I. Principles of long noncoding RNA
evolution derived from direct comparison of
transcriptomes in 17 species. Cell Rep. 2015;
11:1110-22.
https://doi.org/10.1016/j.celrep.2015.04.023
PMID:25959816

Wang W, Min L, Qiu X, Wu X, Liu C, Ma J, Zhang D, Zhu
L. Biological Function of Long Non-coding RNA
(LncRNA) Xist. Front Cell Dev Biol. 2021; 9:645647.
https://doi.org/10.3389/fcell.2021.645647
PMID:34178980

Cai D, Han JJ. Aging-associated IncRNAs are
evolutionarily conserved and participate in NFkB
signaling. Nat Aging. 2021; 1:438-53.
https://doi.org/10.1038/s43587-021-00056-0
PMID:37118014

Akincilar SC, Wu L, Ng QF, Chua JYH, Unal B, Noda T,
Chor WHJ, lkawa M, Tergaonkar V. NAIL: an
evolutionarily conserved IncRNA essential for licensing
coordinated activation of p38 and NFkB in colitis. Gut.
2021; 70:1857-71.

12.

13.

14.

15.

16.

17.

18.

19.

https://doi.org/10.1136/gutjnl-2020-322980
PMID:33239342

Uroda T, Anastasakou E, Rossi A, Teulon JM, Pellequer
JL, Annibale P, Pessey O, Inga A, Chillon I, Marcia M.
Conserved Pseudoknots in IncRNA MEG3 Are Essential
for Stimulation of the p53 Pathway. Mol Cell. 2019;
75:982-95.e9.
https://doi.org/10.1016/j.molcel.2019.07.025
PMID:31444106

Goyal B, VYadav SR, Awasthee N, Gupta S,
Kunnumakkara AB, Gupta SC. Diagnostic, prognostic,
and therapeutic significance of long non-coding RNA
MALAT1 in cancer. Biochim Biophys Acta Rev Cancer.
2021; 1875:188502.
https://doi.org/10.1016/j.bbcan.2021.188502
PMID:33428963

Guo F, Yu F, Wang J, LiY, Li Y, Li Z, Zhou Q. Expression
of MALAT1 in the peripheral whole blood of patients
with lung cancer. Biomed Rep. 2015; 3:309-12.
https://doi.org/10.3892/br.2015.422

PMID:26137228

Kim J, Piao HL, Kim BJ, Yao F, Han Z, Wang Y, Xiao Z,
Siverly AN, Lawhon SE, Ton BN, Lee H, Zhou Z, Gan B,
et al. Long noncoding RNA MALAT1 suppresses breast
cancer metastasis. Nat Genet. 2018; 50:1705-15.
https://doi.org/10.1038/s41588-018-0252-3
PMID:30349115

Cao S, Wang Y, Li J, Lv M, Niu H, Tian Y. Tumor-
suppressive function of long noncoding RNA MALAT1
in glioma cells by suppressing miR-155 expression and
activating FBXW7 function. Am J Cancer Res. 2016;
6:2561-74.

PMID:27904771

Matuszyk J. MALAT1-miRNAs network
thymidylate  synthase and affect
chemotherapy. Mol Med. 2022; 28:89.
https://doi.org/10.1186/s10020-022-00516-2
PMID:35922756

regulate
5FU-based

Chen Q, Zhu C, Jin Y. The Oncogenic and Tumor
Suppressive Functions of the Long Noncoding RNA
MALAT1: An Emerging Controversy. Front Genet.
2020; 11:93.
https://doi.org/10.3389/fgene.2020.00093
PMID:32174966

Hesami S, Sayar M, Sayyar F, Eshaghkhani Y,
Pirhoushiaran M, Khadem Erfan MB, Abdollahzadeh R,
Azarnezhad A. Expression and Clinicopathological
Significances of IncRNAs: Could ARA and ZEB2NAT be
the Potential Breast Cancer-Related Biomarkers? Arch
Med Res. 2020; 51:851-9.
https://doi.org/10.1016/j.arcmed.2020.09.002
PMID:32921528

WWww.aging-us.com

13571

AGING


https://doi.org/10.2147/AGG.S61842
https://doi.org/10.1038/s41556-019-0311-8
https://pubmed.ncbi.nlm.nih.gov/31048766
https://doi.org/10.1016/j.canlet.2013.06.013
https://pubmed.ncbi.nlm.nih.gov/23791884
https://doi.org/10.1083/jcb.202009045
https://pubmed.ncbi.nlm.nih.gov/33464299
https://doi.org/10.1038/nature07672
https://pubmed.ncbi.nlm.nih.gov/19182780
https://doi.org/10.1038/nrg.2016.85
https://pubmed.ncbi.nlm.nih.gov/27573374
https://doi.org/10.1016/j.celrep.2015.04.023
https://pubmed.ncbi.nlm.nih.gov/25959816
https://doi.org/10.3389/fcell.2021.645647
https://pubmed.ncbi.nlm.nih.gov/34178980
https://doi.org/10.1038/s43587-021-00056-0
https://pubmed.ncbi.nlm.nih.gov/37118014
https://doi.org/10.1136/gutjnl-2020-322980
https://pubmed.ncbi.nlm.nih.gov/33239342/
https://doi.org/10.1016/j.molcel.2019.07.025
https://pubmed.ncbi.nlm.nih.gov/31444106
https://doi.org/10.1016/j.bbcan.2021.188502
https://pubmed.ncbi.nlm.nih.gov/33428963
https://doi.org/10.3892/br.2015.422
https://pubmed.ncbi.nlm.nih.gov/26137228/
https://doi.org/10.1038/s41588-018-0252-3
https://pubmed.ncbi.nlm.nih.gov/30349115
https://pubmed.ncbi.nlm.nih.gov/27904771
https://doi.org/10.1186/s10020-022-00516-2
https://pubmed.ncbi.nlm.nih.gov/35922756
https://doi.org/10.3389/fgene.2020.00093
https://pubmed.ncbi.nlm.nih.gov/32174966
https://doi.org/10.1016/j.arcmed.2020.09.002
https://pubmed.ncbi.nlm.nih.gov/32921528

20.

21.

22.

23.

24,

25.

26.

27.

28.

Jiang M, Huang O, Xie Z, Wu S, Zhang X, Shen A, Liu H,
Chen X, Wu J, Lou Y, Mao Y, Sun K, Hu S, et al. A novel
long non-coding RNA-ARA: adriamycin resistance-
associated. Biochem Pharmacol. 2014; 87:254-83.
https://doi.org/10.1016/j.bcp.2013.10.020
PMID:24184505

Rajagopal T, Talluri S, Akshaya RL, Dunna NR. HOTAIR
LncRNA: A novel oncogenic propellant in human
cancer. Clin Chim Acta. 2020; 503:1-18.
https://doi.org/10.1016/j.cca.2019.12.028
PMID:31901481

Kong W, Yin G, Zheng S, Liu X, Zhu A, Yu P, Zhang J,
Shan Y, Ying R, Jin H. Long noncoding RNA (IncRNA)
HOTAIR:  Pathogenic roles and therapeutic
opportunities in gastric cancer. Genes Dis. 2021;
9:1269-80.
https://doi.org/10.1016/j.gendis.2021.07.006
PMID:35873034

Yang Z, Guo X, Li G, Shi Y, Li L. Long noncoding RNAs as
potential biomarkers in gastric cancer: Opportunities
and challenges. Cancer Lett. 2016; 371:62—70.
https://doi.org/10.1016/j.canlet.2015.11.011
PMID:26577810

Yuan L, Xu ZY, Ruan SM, Mo S, Qin JJ, Cheng XD. Long
non-coding RNAs towards precision medicine in gastric
cancer: early diagnosis, treatment, and drug resistance.
Mol Cancer. 2020; 19:96.
https://doi.org/10.1186/s12943-020-01219-0
PMID:32460771

Xie S, ChangV, Jin H, Yang F, Xu Y, Yan X, Lin A, Shu Q,
Zhou T. Non-coding RNAs in gastric cancer. Cancer Lett.
2020; 493:55-70.
https://doi.org/10.1016/j.canlet.2020.06.022
PMID:32712234

Yang F, Bi J, Xue X, Zheng L, Zhi K, Hua J, Fang G. Up-
regulated long non-coding RNA H19 contributes to
proliferation of gastric cancer cells. FEBS J. 2012;
279:3159-65.
https://doi.org/10.1111/j.1742-4658.2012.08694.x
PMID:22776265

Bie L, Luo S, Li D, Wei Y, Mu Y, Chen X, Wang S, Guo P,
Lu X. HOTAIR Competitively Binds MiRNA330 as a
Molecular Sponge to Increase the Resistance of Gastric
Cancer to Trastuzumab. Curr Cancer Drug Targets.
2020; 20:700-9.
https://doi.org/10.2174/156800962066620050411400
0 PMID:32364078

Liu XH, Sun M, Nie FQ, Ge YB, Zhang EB, Yin DD, Kong
R, Xia R, Lu KH, Li JH, De W, Wang KM, Wang ZX. Lnc
RNA HOTAIR functions as a competing endogenous
RNA to regulate HER2 expression by sponging miR-331-
3p in gastric cancer. Mol Cancer. 2014; 13:92.

29.

30.

31.

32.

33.

34.

35.

36.

37.

https://doi.org/10.1186/1476-4598-13-92
PMID:24775712

Liu C, Bai B, Skogerbg G, Cai L, Deng W, Zhang Y, Bu D,
Zhao Y, Chen R. NONCODE: an integrated knowledge
database of non-coding RNAs. Nucleic Acids Res. 2005;
33:D112-5.

https://doi.org/10.1093/nar/gki041 PMID:15608158

She R, Chu JS, Wang K, Pei J, Chen N. GenBlastA:
enabling BLAST to identify homologous gene
sequences. Genome Res. 2009; 19:143-9.
https://doi.org/10.1101/gr.082081.108
PMID:18838612

Wang L, Park HJ, Dasari S, Wang S, Kocher JP, Li W.
CPAT: Coding-Potential Assessment Tool using an
alignment-free logistic regression model. Nucleic Acids
Res. 2013; 41:e74.

https://doi.org/10.1093/nar/gkt006 PMID:23335781

O’Brien V, Brown R. Signalling cell cycle arrest and cell
death through the MMR System. Carcinogenesis. 2006;
27:682-92.

https://doi.org/10.1093/carcin/bgi298 PMID:16332722

Uraki S, Ariyasu H, Doi A, Kawai S, Takeshima K, Morita
S, Fukai J, Fujita K, Furuta H, Nishi M, Sugano K,
Inoshita N, Nakao N, et al. Reduced Expression of
Mismatch Repair Genes MSH6/MSH2 Directly
Promotes Pituitary Tumor Growth via the ATR-Chkl
Pathway. J Clin Endocrinol Metab. 2018; 103:1171-9.
https://doi.org/10.1210/jc.2017-02332
PMID:29342268

Edelbrock MA, Kaliyaperumal S, Williams KJ.
Structural, molecular and cellular functions of MSH2
and MSH6 during DNA mismatch repair, damage
signaling and other noncanonical activities. Mutat
Res. 2013; 743-44:53-66.
https://doi.org/10.1016/j.mrfmmm.2012.12.008
PMID:23391514

Sancar A, Lindsey-Boltz LA, Unsal-Kagmaz K, Linn S.
Molecular mechanisms of mammalian DNA repair and
the DNA damage checkpoints. Annu Rev Biochem.
2004; 73:39-85.
https://doi.org/10.1146/annurev.biochem.73.011303.
073723 PMID:15189136

Hickman MJ, Samson LD. Apoptotic signaling in
response to a single type of DNA lesion, O(6)-
methylguanine. Mol Cell. 2004; 14:105-16.
https://doi.org/10.1016/s1097-2765(04)00162-5
PMID:15068807

Mojas N, Lopes M, lJiricny J. Mismatch repair-
dependent processing of methylation damage gives
rise to persistent single-stranded gaps in newly
replicated DNA. Genes Dev. 2007; 21:3342-55.
https://doi.org/10.1101/gad.455407

WWww.aging-us.com

13572

AGING


https://doi.org/10.1016/j.bcp.2013.10.020
https://pubmed.ncbi.nlm.nih.gov/24184505
https://doi.org/10.1016/j.cca.2019.12.028
https://pubmed.ncbi.nlm.nih.gov/31901481
https://doi.org/10.1016/j.gendis.2021.07.006
https://pubmed.ncbi.nlm.nih.gov/35873034
https://doi.org/10.1016/j.canlet.2015.11.011
https://pubmed.ncbi.nlm.nih.gov/26577810
https://doi.org/10.1186/s12943-020-01219-0
https://pubmed.ncbi.nlm.nih.gov/32460771
https://doi.org/10.1016/j.canlet.2020.06.022
https://pubmed.ncbi.nlm.nih.gov/32712234
https://doi.org/10.1111/j.1742-4658.2012.08694.x
https://pubmed.ncbi.nlm.nih.gov/22776265
https://doi.org/10.2174/1568009620666200504114000
https://doi.org/10.2174/1568009620666200504114000
https://pubmed.ncbi.nlm.nih.gov/32364078
https://doi.org/10.1186/1476-4598-13-92
https://pubmed.ncbi.nlm.nih.gov/24775712
https://doi.org/10.1093/nar/gki041
https://pubmed.ncbi.nlm.nih.gov/15608158
https://doi.org/10.1101/gr.082081.108
https://pubmed.ncbi.nlm.nih.gov/18838612
https://doi.org/10.1093/nar/gkt006
https://pubmed.ncbi.nlm.nih.gov/23335781
https://doi.org/10.1093/carcin/bgi298
https://pubmed.ncbi.nlm.nih.gov/16332722
https://doi.org/10.1210/jc.2017-02332
https://pubmed.ncbi.nlm.nih.gov/29342268
https://doi.org/10.1016/j.mrfmmm.2012.12.008
https://pubmed.ncbi.nlm.nih.gov/23391514
https://doi.org/10.1146/annurev.biochem.73.011303.073723
https://doi.org/10.1146/annurev.biochem.73.011303.073723
https://pubmed.ncbi.nlm.nih.gov/15189136
https://doi.org/10.1016/s1097-2765(04)00162-5
https://pubmed.ncbi.nlm.nih.gov/15068807
https://doi.org/10.1101/gad.455407

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

PMID:18079180

Zhang H, Xiao X, Wei W, Huang C, Wang M, Wang L, He
Y, Sun J, Jiang Y, Jiang G, Zhang X. CircLIFR synergizes
with MSH2 to attenuate chemoresistance via
MutSa/ATM-p73 axis in bladder cancer. Mol Cancer.
2021; 20:70.
https://doi.org/10.1186/s12943-021-01360-4
PMID:33874956

Shiloh Y, Ziv Y. The ATM protein kinase: regulating the
cellular response to genotoxic stress, and more. Nat
Rev Mol Cell Biol. 2013; 14:197-210.
https://doi.org/10.1038/nrm3546 PMID:23486281

Zhang Z, Wang CZ, Du GJ, Qi LW, Calway T, He TC,
Du W, Yuan CS. Genistein induces G2/M cell cycle
arrest and apoptosis via ATM/p53-dependent
pathway in human colon cancer cells. Int J Oncol.
2013; 43:289-96.

https://doi.org/10.3892/ij0.2013.1946 PMID:23686257

Chen SH, Chang JY. New Insights into Mechanisms of
Cisplatin  Resistance: From  Tumor Cell to
Microenvironment. Int J Mol Sci. 2019; 20:4136.
https://doi.org/10.3390/ijms20174136
PMID:31450627

Seifert M, Reichrath J. The role of the human DNA
mismatch repair gene hMSH2 in DNA repair, cell cycle
control and apoptosis: implications for pathogenesis,
progression and therapy of cancer. J] Mol Histol. 2006;
37:301-7.

https://doi.org/10.1007/s10735-006-9062-5
PMID:17080293

Henrique R, Nunes SP, Jeronimo C. MSH2 Expression
and Resistance to Cisplatin in Muscle-invasive Bladder
Cancer: A Mix of Progress and Challenges. Eur Urol.
2019; 75:251-2.
https://doi.org/10.1016/j.eururo.2018.11.014
PMID:30470617

Diederichs S. The four dimensions of noncoding RNA
conservation. Trends Genet. 2014; 30:121-3.
https://doi.org/10.1016/j.tig.2014.01.004
PMID:24613441

Johnsson P, Lipovich L, Grandér D, Morris KV.
Evolutionary conservation of long non-coding RNAs;
sequence, structure, function. Biochim Biophys Acta.
2014; 1840:1063-71.
https://doi.org/10.1016/j.bbagen.2013.10.035
PMID:24184936

Ulitsky I, Bartel DP. lincRNAs: genomics, evolution, and
mechanisms. Cell. 2013; 154:26—46.
https://doi.org/10.1016/j.cell.2013.06.020
PMID:23827673

Marin-Béjar O, Marchese FP, Athie A, Sanchez Y,

48.

49.

50.

51.

52.

53.

54.

Gonzalez J, Segura V, Huang L, Moreno |, Navarro A,
Monzdé M, Garcia-Foncillas J, Rinn JL, Guo S, Huarte M.
Pint lincRNA connects the p53 pathway with epigenetic
silencing by the Polycomb repressive complex 2.
Genome Biol. 2013; 14:R104.
https://doi.org/10.1186/gb-2013-14-9-r104
PMID:24070194

Marin-Béjar O, Mas AM, Gonzdlez J, Martinez D, Athie
A, Morales X, Galduroz M, Raimondi |, Grossi E, Guo S,
Rouzaut A, Ulitsky I, Huarte M. The human IncRNA
LINC-PINT inhibits tumor cell invasion through a highly
conserved sequence element. Genome Biol. 2017;
18:202.

https://doi.org/10.1186/s13059-017-1331-y
PMID:29078818

Zhang C, Kang T, Wang X, Wang J, Liu L, Zhang J, Liu X,
Li R, Wang J, Zhang J. LINC-PINT suppresses cisplatin
resistance in gastric cancer by inhibiting autophagy
activation via epigenetic silencing of ATG5 by EZH2.
Front Pharmacol. 2022; 13:968223.
https://doi.org/10.3389/fphar.2022.968223
PMID:36091809

Wang YH, Guo Z, An L, Zhou Y, Xu H, Xiong J, Liu ZQ,
Chen XP, Zhou HH, Li X, Liu T, Huang WH, Zhang W.
LINC-PINT impedes DNA repair and enhances
radiotherapeutic response by targeting DNA-PKcs in
nasopharyngeal cancer. Cell Death Dis. 2021;
12:454.

https://doi.org/10.1038/s41419-021-03728-2
PMID:33963177

Xu 'Y, Wang H, Li F, Heindl LM, He X, Yu J, Yang J, Ge
S, Ruan J, Jia R, Fan X. Long Non-coding RNA LINC-
PINT Suppresses Cell Proliferation and Migration of
Melanoma via Recruiting EZH2. Front Cell Dev Biol.
2019; 7:350.

https://doi.org/10.3389/fcell.2019.00350
PMID:31921860

Bukhari I, Khan MR, Li F, Swiatczak B, Thorne RF, Zheng
P, Mi Y. Clinical implications of IncRNA LINC-PINT in
cancer. Front Mol Biosci. 2023; 10:1097694.
https://doi.org/10.3389/fmolb.2023.1097694
PMID:37006616

He T, Yuan C, Zhao C. Long intragenic non-coding RNA
p53-induced transcript (LINC-PINT) as a novel
prognosis indicator and therapeutic target in cancer.
Biomed Pharmacother. 2021; 143:112127.
https://doi.org/10.1016/j.biopha.2021.112127
PMID:34474342

Zhang A, Zhou N, Huang J, Liu Q, Fukuda K, Ma D, Lu Z,
Bai C, Watabe K, Mo YY. The human long non-coding
RNA-RoR is a p53 repressor in response to DNA
damage. Cell Res. 2013; 23:340-50.

WWww.aging-us.com

13573

AGING


https://pubmed.ncbi.nlm.nih.gov/18079180
https://doi.org/10.1186/s12943-021-01360-4
https://pubmed.ncbi.nlm.nih.gov/33874956
https://doi.org/10.1038/nrm3546
https://pubmed.ncbi.nlm.nih.gov/23486281
https://doi.org/10.3892/ijo.2013.1946
https://pubmed.ncbi.nlm.nih.gov/23686257
https://doi.org/10.3390/ijms20174136
https://pubmed.ncbi.nlm.nih.gov/31450627
https://doi.org/10.1007/s10735-006-9062-5
https://pubmed.ncbi.nlm.nih.gov/17080293
https://doi.org/10.1016/j.eururo.2018.11.014
https://pubmed.ncbi.nlm.nih.gov/30470617
https://doi.org/10.1016/j.tig.2014.01.004
https://pubmed.ncbi.nlm.nih.gov/24613441
https://doi.org/10.1016/j.bbagen.2013.10.035
https://pubmed.ncbi.nlm.nih.gov/24184936
https://doi.org/10.1016/j.cell.2013.06.020
https://pubmed.ncbi.nlm.nih.gov/23827673
https://doi.org/10.1186/gb-2013-14-9-r104
https://pubmed.ncbi.nlm.nih.gov/24070194
https://doi.org/10.1186/s13059-017-1331-y
https://pubmed.ncbi.nlm.nih.gov/29078818
https://doi.org/10.3389/fphar.2022.968223
https://pubmed.ncbi.nlm.nih.gov/36091809/
https://doi.org/10.1038/s41419-021-03728-2
https://pubmed.ncbi.nlm.nih.gov/33963177
https://doi.org/10.3389/fcell.2019.00350
https://pubmed.ncbi.nlm.nih.gov/31921860
https://doi.org/10.3389/fmolb.2023.1097694
https://pubmed.ncbi.nlm.nih.gov/37006616
https://doi.org/10.1016/j.biopha.2021.112127
https://pubmed.ncbi.nlm.nih.gov/34474342

55.

56.

57.

58.

59.

60.

61.

https://doi.org/10.1038/cr.2012.164
PMID:23208419

Wang Y, Zhang M, Xu H, Wang Y, Li Z, Chang Y, Wang
X, Fu X, Zhou Z, Yang S, Wang B, Shang Y. Discovery
and validation of the tumor-suppressive function of
long noncoding RNA PANDA in human diffuse large
B-cell lymphoma through the inactivation of
MAPK/ERK signaling pathway. Oncotarget. 2017;
8:72182-96.
https://doi.org/10.18632/oncotarget.20053
PMID:29069778

Shihabudeen Haider Ali MS, Cheng X, Moran M,
Haemmig S, Naldrett MJ, Alvarez S, Feinberg MW, Sun
X. LncRNA Meg3 protects endothelial function by
regulating the DNA damage response. Nucleic Acids
Res. 2019; 47:1505-22.

https://doi.org/10.1093/nar/gky1190 PMID:30476192

lyer RR, Pluciennik A, Burdett V, Modrich PL. DNA
mismatch repair: functions and mechanisms. Chem
Rev. 2006; 106:302-23.
https://doi.org/10.1021/cr0404794 PMID:16464007

Meyers M, Wagner MW, Hwang HS, Kinsella TJ,
Boothman DA. Role of the hMLH1 DNA mismatch
repair protein in fluoropyrimidine-mediated cell
death and cell cycle responses. Cancer Res. 2001;
61:5193-201.

PMID:11431359

Lin DP, Wang Y, Scherer SJ, Clark AB, Yang K, Avdievich
E, Jin B, Werling U, Parris T, Kurihara N, Umar A,
Kucherlapati R, Lipkin M, et al. An Msh2 point mutation
uncouples DNA mismatch repair and apoptosis. Cancer
Res. 2004; 64:517-22.
https://doi.org/10.1158/0008-5472.can-03-2957
PMID:14744764

Dufner P, Marra G, Raschle M, liricny J. Mismatch
recognition and DNA-dependent stimulation of the
ATPase activity of hMutSalpha is abolished by a single
mutation in the hMSH6 subunit. J Biol Chem. 2000;
275:36550-5.
https://doi.org/10.1074/jbc.M005987200
PMID:10938287

Ren N, Jiang T, Wang C, Xie S, Xing Y, Piao D, Zhang T,
Zhu Y. LncRNA ADAMTS9-AS2 inhibits gastric cancer
(GC) development and sensitizes chemoresistant
GCcells to cisplatin by regulating miR-223-3p/NLRP3
axis. Aging (Albany NY). 2020; 12:11025-41.

62.

63.

64.

65.

66.

67.

https://doi.org/10.18632/aging.103314
PMID:32516127

Li M, Zhang YY, Shang J, Xu YD. LncRNA SNHG5
promotes cisplatin resistance in gastric cancer via
inhibiting cell apoptosis. Eur Rev Med Pharmacol Sci.
2019; 23:4185-91.
https://doi.org/10.26355/eurrev_201905 17921
PMID:31173289

Vaisman A, Varchenko M, Umar A, Kunkel TA, Risinger
JI, Barrett JC, Hamilton TC, Chaney SG. The role of
hMLH1, hMSH3, and hMSH6 defects in cisplatin and
oxaliplatin resistance: correlation with replicative
bypass of platinum-DNA adducts. Cancer Res. 1998;
58:3579-85.

PMID:9721864

Goodspeed A, Jean A, Costello JC. A Whole-genome
CRISPR Screen ldentifies a Role of MSH2 in Cisplatin-
mediated Cell Death in Muscle-invasive Bladder
Cancer. Eur Urol. 2019; 75:242-50.
https://doi.org/10.1016/j.eururo.2018.10.040
PMID:30414698

Muenyi CS, States VA, Masters JH, Fan TW, Helm CW,
States JC. Sodium arsenite and hyperthermia modulate
cisplatin-DNA damage responses and enhance
platinum accumulation in murine metastatic ovarian
cancer xenograft after hyperthermic intraperitoneal
chemotherapy (HIPEC). J Ovarian Res. 2011; 4:9.
https://doi.org/10.1186/1757-2215-4-9
PMID:21696631

Kohn KW, Jackman J, O’Connor PM. Cell cycle control
and cancer chemotherapy. J Cell Biochem. 1994;
54:440-52.

https://doi.org/10.1002/jcb.240540411
PMID:8014193

Sun Y, Liu Y, Ma X, Hu H. The Influence of Cell Cycle
Regulation on Chemotherapy. Int J Mol Sci. 2021;
22:6923.

https://doi.org/10.3390/ijms22136923
PMID:34203270

WWww.aging-us.com

13574

AGING


https://doi.org/10.1038/cr.2012.164
https://pubmed.ncbi.nlm.nih.gov/23208419
https://doi.org/10.18632/oncotarget.20053
https://pubmed.ncbi.nlm.nih.gov/29069778
https://doi.org/10.1093/nar/gky1190
https://pubmed.ncbi.nlm.nih.gov/30476192
https://doi.org/10.1021/cr0404794
https://pubmed.ncbi.nlm.nih.gov/16464007
https://pubmed.ncbi.nlm.nih.gov/11431359
https://doi.org/10.1158/0008-5472.can-03-2957
https://pubmed.ncbi.nlm.nih.gov/14744764
https://doi.org/10.1074/jbc.M005987200
https://pubmed.ncbi.nlm.nih.gov/10938287
https://doi.org/10.18632/aging.103314
https://pubmed.ncbi.nlm.nih.gov/32516127
https://doi.org/10.26355/eurrev_201905_17921
https://pubmed.ncbi.nlm.nih.gov/31173289
https://pubmed.ncbi.nlm.nih.gov/9721864
https://doi.org/10.1016/j.eururo.2018.10.040
https://pubmed.ncbi.nlm.nih.gov/30414698
https://doi.org/10.1186/1757-2215-4-9
https://pubmed.ncbi.nlm.nih.gov/21696631
https://doi.org/10.1002/jcb.240540411
https://pubmed.ncbi.nlm.nih.gov/8014193
https://doi.org/10.3390/ijms22136923
https://pubmed.ncbi.nlm.nih.gov/34203270

SUPPLEMENTARY MATERIALS

Supplementary Figures

NONHSAT191165

Relatives RNA levels
o o - —
(=) wn [} wn

u)

N S oW 3O &V o0
RSSO ae

NONHSAT102470

Relatives RNA levels
S © = ~=
o wn o W (=)

A NPT
& P»GSAOO@@%C\?GCQ

NONHSAT035250

Relatives RNA levels
(=] N -~ [=)}
V)

\ S C%Q \Ab(‘J &\ ,93\
& P.Oﬂ\c; \\I&$C§260

SGC7901
T N C

MGC803
T N C

Btubulin |way  — —]

Histone H3 b- s — |

B Nyc ™ Cyto

MGC803

SGC7901

NONHSAT122133 . NONHSAT173071
25 5 15
By 3
< =10
z3 &
172 172}
g Zos T
=1 =
o) Q
=0 O =00 D05 E o
N G2 P o N S B L0
0@ ™ §]\G WO $C Ae C&® ?‘GQ\GC“\‘(~$C\%QC
. NONHSAT 148367 . NONHSAT050207
e T 15
< <
1.0
z 2 £ L
1] 172}
e _ 205
R K
5}
& 0 N S Q2 X &‘b %00 NP SRTURNY
SR (P N e anten®
S SO NN O SRS TN O
NONHSAT 184693 " NONHSAT217189
55 ©25-
5 5
<t <20
z3 Z1s
g 2 § 1.0
B 1 Z0s
L
=0 NG N %00 B35 &
eI NEIRVEIRTYIN\S
SO CP S0P NS R L
S SO NN K QO
B S’RACE 3’RACE
Maker
(bp) D
1.2
1]
g 1.0
C % 0.8
& 0.64
PTCHD4-AS £ o]
XIST 2 02
GAPDH 0.0-
0.0 0.5 1.0 1.5

Supplementary Figure 1. Identification and characterization of PTCHD4-AS. (A) Relative expression levels of screened conserved
IncRNAs (top9) in normal gastric epithelial cell lines and GC cell lines. (B) Agarose gel electrophoresis showed that the PCR products of 5’ and
3’ RACE of PTCHDA4-AS. (C) The protein coding ability of PTCHD4-AS was predicted by CPAT; the protein coding gene GAPDH and the non-
coding gene Xist were used as positive control and negative control, respectively. (D) Western blots of total cell lysates (T), nucleus fraction
(N) and cytoplasm fraction (C), B-tubulin and histone H3 as the marker of the nucleus and cytoplasm, respectively (upper). Relative
expression of PTCHD4-AS in the nucleus and cytoplasm fractions by RT-qPCR. GAPDH and U6 were used as positive controls for cytoplasm

Coding Probability

T

and nucleus, respectively. Data are presented as mean = SD, * P <0.05, ** P <0.01, *** P <0.001.
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Supplementary Figure 2. PTCHD4-AS suppress GC cell growth in vitro. (A) Representative images and statistical analysis of colony
formation in SGC7901 and MGC803 cells stably expressing EV or PTCHD4-AS. (B) The secondary mass spectra of MSH2 and MSH6.
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Supplementary Tables

Supplementary Table 1. Sequence of primers and probes.

Gene Primer Sequence (5'-3")
Primers for qPCR
NONHSATI122133 Forward TGCTGAAACTTGATAGAAATG
Reverse TCCTCAATACTTTGAGTTGT
NONHSAT173071 Forward CAGATGTTGGCTTTGTAATT
Reverse TTGTCTACGCTTCACAGAG
NONHSATI191165 Forward AATCTGTCAATCCTGTCCGT
Reverse AAACTTAAAGGAATTGACGGA
NONHSAT148367 Forward GAATTCTTCACCCAAAACTC
Reverse TCATTTATGCCTCTGCTATT
NONHSAT050207 Forward AACATGACATCGGGAAGTCC
Reverse AGTGGGGTTATTCATTAGAG
NONHSAT102470 Forward ACTGCTCGGGCTGAATAGCA
Reverse CACAACTTCCGGGATAATGAGA
NONHSAT184693 Forward CAGAACCACACACTATGTAA
Reverse ATCACAGCCCATATTGAGAG
NONHSAT217189 Forward ACTCTCTTAAGGTAGCCAAA
Reverse TTTCGCTGGATAGTAGGT
NONHSATO035250 Forward ATGCTGGCTCCCATTCAGC
Reverse TGCGTCGCTTTTGGCTCC
PTCHD4-AS Forward ACGTAAAGAGAGTATGGAGCTCGT
Reverse TGTTCCAGAGGGTGCTTTCCA
GAPDH Forward GTCTCCTCTGACTTCAACAGCG
Reverse ACCACCCTGTTGCTGTAGCCAA
U6 Forward GCTTGCTTCAGCAGCACATA
Reverse AAAAACATGGAACTCTTCACG
MSH2 Forward GTCACAGCACTCACCACTGAAG
Reverse AAGCTCTGCAACATGAATCCCA
MSH6 Forward TCCACCAGATACTCCTCAACAACT
Reverse GCACTTCCAACGTACTCCTTGC
Primers for RACE
3’RACE CACCTTGGGCAAGTTTTGCTCTCTG
5’RACE CCTTGGGTCATCTCATTTGATTCCC
Primers for plasmid construction
PTCHD4-AS Forward AGAAGACACCGACTCTAGAGGATCCCTCAGCCTGGAGCAAAATAT
Reverse TCCAGAGGTTGATTATCGATCTCGAGAAGGTGTTGCGAGGAAATC
MSH2 FL Forward CTTAAGCTTGGTACCGGATCCATGGCGGTGCAGCCGAAG
Reverse ATCATCCTTGTAATCTCTAGACGTAGTAACTTTTATTCGTG
MSH?2 1-300aa Forward CTTAAGCTTGGTACCGGATCCATGGCGGTGCAGCCGAAG
Reverse ATCATCCTTGTAATCTCTAGAATACTGGCTGAAGTCAAAAG
MSH2 300-934aa Forward CTTAAGCTTGGTACCGGATCCATGAAATTGGATATTGCAGCA
Reverse ATCATCCTTGTAATCTCTAGACGTAGTAACTTTTATTCGTG
MSH?2 1-620aa Forward CTTAAGCTTGGTACCGGATCCATGGCGGTGCAGCCGAAG
Reverse ATCATCCTTGTAATCTCTAGAATATGGAACAGGTGCTCCAT
MSH?2 620-934aa Forward CTTAAGCTTGGTACCGGATCCATGGTACGACCAGCCATTTTGG

Reverse

ATCATCCTTGTAATCTCTAGACGTAGTAACTTTTATTCGTG
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Probes for RNA pull down

Control

PTCHDA4-AS

probe 1
probe 2
probe 1
probe 2

BIOTIN-CGCTGAGGCCGAAGGTGATTGTCAGG
BIOTIN-GACATGTGTAGGATGATGCTGCA
BIOTIN-CCTGACAATCACCTTCGGCCTCAGCG
BIOTIN-TGCAGCATCATCCTACACATGTC

Supplementary Table 2. Conservative top 10 IncRNAs.

%({)ZSS CDREIPT D Id::/l: )1ty ﬁl:lggltlﬁlelltl)t Gap openings Start End e-value Bit score
NONHSATI122133 99.583 480 0 48767 49246 0 876
NONHSAT173071 99.475 381 0 4422 4802 0 693
NONHSATI191165 99.35 923 0 4117 5039 0 1672
NONHSATI148367 98.71 310 0 19097 19406 2.47E-153 551
NONHSAT050207 98.621 290 0 7072 7361 2.72E-143 514
NONHSAT102470 98.502 601 0 1840 2440 0 1061
NONHSAT184693 98.305 354 0 58087 58440 1.24E-174 621
NONHSAT217189 97.659 299 0 46526 46824 1.93E-142 514
NONHSAT035250 97.583 331 0 44390 44720 1.43E-158 568
NONHSAT207347 97.494 399 0 243923 244321 0 682
Notes:

AUk WN B

makeblastdb -in outLncRNA.fa -dbtype nucl
blastn -query mouse_Incrna.fasta -db outLncRNA.fa -outfmt 6 -out blastn2.out

. identity (%): The percentage of agreement for sequence alignment.
. alignment length: The length of the alignment area that conforms to the alignment.
. Gap openings: The number of gaps in the comparison area.

. start: the starting site of the alignment region on the human genome.
. end: the end site of the alignment region on the human genome.

. e-value: The smaller the value, the higher the confidence. 7. bit score: The higher the value, the higher the credibility
The code is as follows:

grep “>” file.fa | wc -
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