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ABSTRACT

Non-small cell lung cancer (NSCLC) is the most common tumor affecting modern people and is associated with severe
morbidity and high mortality. Exosomal long non-coding RNAs as crucial regulators are involved in cancer progression.
However, the role of exosomal IncRNA LINC00662 in the development of NSCLC remains unclear. Here, we aimed
to explore the impact of exosomal IncRNA LINC00662 on the NSCLC progression and the underlying mechanism.
Significantly, we revealed that the expression of IncRNA LINC00662 was elevated in the plasma exosome of NSCLC
patients. Exosomal LINC00662 promoted proliferation, invasion, and migration, and inhibited apoptosis and cell
cycle arrest of NSCLC cells. Mechanically, LINCO0662 was able to serve as a miR-320d sponge in NSCLC cells. MiR-320d
could target E2F1 in NSCLC cells. Exosomal LINC00662 contributed to the progression of NSCLC by miR-320d/E2F1 axis
in vitro. Remarkably, exosomal LINCO0662 enhanced the tumor growth of NSCLC in vivo. Thus, we conclude
that exosomal IncRNA LINC00662 promotes NSCLC progression by modulating miR-320d/E2F1 axis. Our finding
provides new insights into the mechanism by which exosomal IncRNA LINC00662 contributes to the development of
NSCLC. LncRNA LINC00662, miR-320d, and E2F1 may serve as potential targets for NSCLC therapy.

INTRODUCTION However, the advancement in this research field is still
limited.

Lung cancer serves as the most prevailing malignancy and

is the principal cause of cancer-associated mortality
globally, according to the latest annual statistics report of
global cancer [1]. Non-small cell lung cancer (NSCLC)
makes up about 83% of primary lung cancer [2].
Although the surgical and chemotherapeutic interventions
have been advanced, the 5-year survival rate of NSCLC
patients remains unsatisfactory, and the recurrence
incidence of NSCLC patients is high due to drug
resistance or tumor metastasis [3]. Understanding the
mechanism underlying NSCLC development is critical for
the diagnosis, therapy, and prognosis for NSCLC [4].

Long non-coding RNAs (IncRNAs) as the emerging
essential biological modulator, play crucial roles in
many physiological and pathological processes such as
cell cycle, differentiation, apoptosis, cardiovascular
diseases, and cancer progression [5, 6]. Many
IncRNAs are involved in the modulation of NSCLC
progression. For example, IncRNA-HIT increases
NSCLC cell proliferation by affecting the expression
of E2F1 [7]. LncRNA MALAT1 promotes the
progression of NSCLC by regulating miR-200a-
3p/programmed death-ligand-1 signaling [8]. The role

WWWw.aging-us.com 6010

AGING


mailto:yinpwpypb95612@163.com
https://orcid.org/0000-0002-6060-9569
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/

of IncRNA LINCO00662 in cancer development has
been widely investigated [9]. It has been reported that
IncRNA LINCO00662 is involved in the modulation of
lung cancer stem cells [10]. However, the effect of
IncRNA LINC00662 on NSCLC progression is still
unreported. Moreover, the nano-sized particles called
exosome serves as transport vesicles of biological
loads, such as miRNAs, mRNAs, proteins, and
INcRNA, leading to the phenotypic impact on the
receiver cells [11]. Circulating exosomes, loaded with
regulative IncRNAs, display a critical function in long-
distance cell communication, participating in cancer
development [12]. It has been identified that the
particular IncRNAs can be packaged into exosomes
and are closely associated with the cancer patho-
genesis and the clinical outcomes, which are highly
correlated with the clinicopathological characteristics
of cancer and thus may function as meaningful
biomarkers [13]. Nevertheless, whether the IncCRNA
LINCO00662 is packed in exosome and the role of
exosomal IncRNA LINC00662 in the modulation of
NSCLC remains elusive.

MicroRNAs (miRNAs) are described as short non-
coding RNAs with a length of approximately 20-25
nucleotides and are involved in the modulation of
numerous biological processes [14]. MiRNASs are able
to control gene expression in the post-transcriptional
levels by pairing with target mRNAs at the 3’
untranslated region (3’ UTR [14]. MiRNAs modulate
different targets that hold essential functions in a broad
spectrum of biological and medical processes,
including cell apoptosis, proliferation, differentiation,
invasion, metastasis, and tumorigenesis [15]. A
substantial number of investigations have revealed that
miRNAs are involved in the progression of NSCLC
[16, 17]. Meanwhile, previous investigations identified
that miR-320d played crucial roles in modulating
tumorigenesis by interacting with the targeted genes
[18]. In addition, the E2F transcription factor 1 (E2F1)
serves as an essential transcription factor that is
involved in diverse critical biological processes [19].
The abnormal elevation of E2F1 is observed in
different types of human cancers and is associated with
poor survival prognosis and malignant progress [20,
21]. E2F1 is involved in the modulation of NSCLC
[22]. However, the correlation of miR-320d and E2F1
with IncRNA LINC00662 in the modulation of
NSCLC is still unclear.

In this study, we aimed to explore the role and
the underlying mechanism of exosomal IncRNA
LINC00662 in the development of NSCLC. We
identified a novel function of exosomal IncRNA
LINC00662 in promoting NSCLC progression by
regulating miR-320d/E2F1 axis.

RESULTS

The expression of INcRNA LINC00662 is elevated in
the plasma exosome of NSCL.C patients

To assess the potential correlation of exosomal INCRNA
LINCO00662 with the NSCLC progression, we analyzed
their expression in the plasma exosome of NSCLC
patients. ~ Significantly, the expression levels of
LINCO00662 were elevated in the plasma exosome from
NSCLC patients (n=50) compared to those from normal
cases (n=50) (Figure 1A). Besides, the expression levels of
LINC00662 were up-regulated in the NSCLC patient
tissues (n=50) compared to the adjacent normal tissues
(n=50) (Figure 1B), implying that LINC00662 may be
associated with the clinical development of NSCLC.
Moreover, the transmission electron microscopy (TEM)
showed that exosomes from the NSCLC patients presented
the same sizes as those from the normal cases (Figure 1C).
Western blot analysis revealed the existence of the
exosome markers, including TSG101 and CD63, in the
exosome of NSCLC patients and normal cases (Figure 1D).

Exosomal LINCO00662 promotes proliferation and
inhibits apoptosis of NSCLC cells

Then, we further explored the effect of exosomal INcRNA
LINCO00662 on the progression of NSCLC in vitro. The
exosomes were isolated from the culture medium of
HCC827 and A549 cells and the characteristics were
identified by TEM (Figure 2A). In addition, the expression
of the exosome markers, including CD9 and CD63 was
enriched in the exosomes (Figure 2B). Then, the
expression of LINCO0662 was measured in culture
medium treated with RNase A or co-treated with RNase A
and Triton X-100. Our data showed that the expression of
LINC00662 was unacted on the treatment of RNase A
while remarkably reduced upon the simultaneous co-
treatment of RNase A and Triton X-100, indicating that
extracellular LINC00662 was packaged in the membranes
(Figure 2C). To evaluate the effect of LINC00662 on the
progression of NSCLC in vitro, the HCC827 and A549
cells were infected with the lentiviral plasmids carrying
LINC00662 shRNA (shLINC00662) or corresponding
control shRNA (shNC), or transfected with the
LINC00662 overexpression vector or the corresponding
control vector, and the exosomes were extracted and
further treated the cells. The efficiency of the LINC00662
depletion and the LINC00662 overexpression was
validated in the cells (Figure 2D). MTT assays revealed
that the overexpression of LINC00662 enhanced while the
depletion of LINC00662 reduced the cell viability of the
HCC827 and A549 cells (Figure 2E, 2F). Similarly, the
LINC00662 overexpression increased the colony
formation and the LINC00662 knockdown decreased this
phenotype in the cells (Figure 2G, 2H). Moreover, cell
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apoptosis was inhibited by the overexpression of
LINC00662 while promoted by the depletion of
LINCO00662 in the cells (Figure 21, 2J). Together these data
suggest that exosomal LINC00662 promotes proliferation
and inhibits apoptosis of NSCLC cells.

Exosomal LINC00662 promotes invasion and
migration, and inhibits cell cycle arrest of NSCLC cells

Then, we investigated the role of exosomal IncRNA
LINC00662 in modulating the migration and invasion of
NSCLC cells. Transwell assays revealed that the migration
and invasion of HCC827 and A549 cells were significantly
enhanced by the overexpression of exosomal IncCRNA
LINC00662 while were reduced by the depletion of
exosomal INcRNA LINC00662 (Figure 3A, 3B). Similarly,
the LINCO00662 overexpression remarkably decreased the
wound healing proportion, and the LINC00662 knock-
down presented the reverse results in the cells (Figure 3C—
3F), suggesting that exosomal IncRNA LINCO00662
contributes to the migration and invasion of NSCLC cells
in vitro. Moreover, the GO/G1 phase cells were reduced
while the S phase cells were enhanced by the
overexpression of LINC00662 in the cells, but the
depletion of exosomal IncRNA LINCO00662 showed a
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reversed effect (Figure 3G-3J), suggesting that exosomal
IncRNA LINC00662 was able to inhibit cell cycle arrest at
the GO/G1 phase in the NSCLC cells.

LINCO00662 serves as a miR-320d sponge in NSCLC
cells

Next, we tried to explore the mechanism of exosomal
INcRNA LINC00662-mediated NSCLC progression. We
identified the potential interaction between INncRNA
LINC00662 and miR-320d in the bioinformatic
analysis by using ENCORI (http://starbase.sysu.edu.cn/
index.php) (Figure 4A). Then, we treated the HCC827 and
A549 cells with miR-320d mimic or the corresponding
control mimic, and the efficiency was verified in the cells
(Figure 4B). The miR-320d mimic remarkably reduced the
luciferase activities of LINC00662 but failed to affect the
LINCO00662 with the miR-320d-binding site mutant in the
cells (Figure 4C, 4D). The efficiency of the LINC00662
depletion and the LINC00662 overexpression was
validated in the cells (Figure 4E). The LINC00662
overexpression reduced while the LINC00662 depletion
enhanced the expression of miR-320d in the cells (Figure
4F). Together these suggest that LINC00662 serves as a
miR-320d sponge in NSCLC cells.
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Figure 1. The expression of IncRNA LINC00662 is elevated in the plasma exosome of NSCLC patients. (A) The expression levels of
IncRNA LINC00662 were measured by gPCR in the plasma exosome from NSCLC patients (n=50). (B) The expression levels of IncRNA
LINC00662 were measured by gPCR in the NSCLC patient tissues (n=50) and the adjacent normal tissues (n=50). (C) The characteristics of
exosomes were analyzed by the transmission electron microscopy (TEM) in the NSCLC patients. (D) The expression of TSG101, CD63, and
Grp94 was tested by Western blot analysis in the exosome from NSCLC patients.
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Figure 2. Exosomal LINC00662 promotes proliferation and inhibits apoptosis of NSCLC cells. (A) The characteristics of exosomes
were analyzed by the transmission electron microscopy (TEM) in the HCC827 and A549 cells. (B) The expression of CD9 and CD63 was
measured by the Western blot analysis in the exosome of the HCC827 and A549 cells. (C) The expression of LINC0O0662 was tested by gPCR in
the HCC827 and A549 cells treated with RNase A (1 pg/mL) or co-treated with RNase A (1 pg/mL) and Triton X100 (0.1%). (D-J) The HCC827
and A549 cells were infected with the lentiviral plasmids carrying LINCO0662 shRNA (shLINCO0662) or corresponding control shRNA (shNC),
or transfected with the LINCO0662 overexpression vector or the corresponding control vector, and the exosomes were extracted and further
treated the cells. (D) The efficiency of the LINCO0662 depletion and the LINCO0662 overexpression was validated by gPCR assays in the cells.
(E, F) The cell viability was analyzed by the MTT assays in the cells. (G, H) The cell proliferation was measured by the colony formation assays
in the cells. (1, J) The cell apoptosis was measure by flow cytometry analysis in the cells. Data are presented as mean * SD. Statistic significant
differences were indicated: * P <0.05, ** P < 0.01.
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MiR-320d targets E2F1 in NSCLC cells

Then, we identified the miR-320d-targeted site in E2F1
3> UTR in a bioinformatic analysis by using Targetscan
(http://www.targetscan.org/vert_72/) (Figure 5A). To

HCC827
hRN, shLINC00662
X o i RS [IPCDNA3.1 g ShRNA-ctrl
[ LINC00662 [ shLINC00662
5000
oy
4.000 =
L

£ 3000

H

5 200 "_“]

determine the impact of miR-320d on E2F1, the HCC827
and A549 cells were treated with miR-320d mimic, and
the efficiency was validated in the cells (Figure 5B).
Notably, the miR-320d mimic treatment inhibited the
luciferase activities of wild type E2F1but failed to affect
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Figure 3. Exosomal LINC00662 promotes invasion and migration of NSCLC cells. (A—F) The HCC827 and A549 cells were infected
with the lentiviral plasmids carrying LINCO0662 shRNA (shLINCO0662) or corresponding control shRNA (shNC), or transfected with the
LINC00662 overexpression vector or the corresponding control vector, and the exosomes were extracted and further treated the cells. (A, B)
The cell migration and invasion were examined by transwell assays in the cells. (C—F) The migration and invasion were measured by wound
healing assays in the cells. The wound healing proportion was shown. (G-J) The cell cycle was analyzed by flow cytometry analysis in the cells.
Data are presented as mean * SD. Statistic significant differences were indicated: * P < 0.05, ** P<0.01.
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the E2F1 with the miR-320d-binding site mutant in the
cells (Figure 5C). Furthermore, the mRNA and protein
expression of E2F1 were significantly decreased by
miR-320d mimic in the cells (Figure 5D, 5E), suggesting
that miR-320d is able to target E2F1 in the NSCLC
cells. Moreover, the expression of E2F1 was enhanced by
the overexpression of LINC00662, in which the miR-
320d mimic could block this enhancement in the cells
(Figure 5F).

Exosomal LINC00662 promotes the progression of
NSCLC by miR-320d/E2F1 axis in vitro

We then explored the role of the exosomal LINC00662/
miR-320d/E2F1 axis in NSCLC development in vitro.
MTT assays revealed that the exosomal overexpression
of LINC00662 enhanced the cell viability of HCC827
and A549 cells, in which the miR-320d mimic or the
E2F1 depletion by shRNA could block this enhancement
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Figure 4. LINC00662 serves as a miR-320d sponge in NSCLC cells. (A) Potential interaction between IncRNA LINC0O0662 and miR-
320d was identified by the bioinformatic analysis using ENCORI (http://starbase.sysu.edu.cn/index.php). (B) The expression levels of
miR-320d were tested by gPCR in the HCC827 and A549 cells treated with control mimic (miR-NC) or miR-320d mimics. (C, D) Luciferase
activities of LINC0O0662 (LINCO0662 WT) and LINCO0662 with the miR-320d-binding site mutant (LINCO0662 MUT) were determined
by luciferase reporter gene assays in the HCC827 and A549 cells treated with control mimic (miR-NC) or miR-320d mimic. (E) The
efficiency of the LINCO0662 depletion and the LINCO0662 overexpression was validated by gqPCR assays in the cells. (F) The HCC827
and A549 cells were treated with the lentiviral plasmids carrying LINCO0662 shRNA (shLINC00662) or corresponding control shRNA
(shNC), or transfected with the LINCO0662 overexpression vector or the corresponding control vector. The expression of miR-320d
was tested by gPCR assays in the cells. Data are presented as mean + SD. Statistic significant differences were indicated: * P < 0.05,

** p<0.01.
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(Figure 6A, 6B). The miR-320d mimic or the E2F1
knockdown rescued the cell apoptosis inhibited by the
exosomal LINC00662 overexpression in the cells
(Figure 6C, 6D). Transwell assays revealed that the
migration and invasion of HCC827 and A549 cells were
significantly promoted by the overexpression of
exosomal IncRNA LINC00662, in which the miR-320d
mimic or the E2F1 depletion could attenuate this
phenotype (Figure 6E, 6F). Together these indicate that
exosomal LINCO00662 promotes the progression of
NSCLC by miR-320d/E2F1 axis in vitro.

Exosomal LINCO00662 contributes to the tumor
growth of NSCLC in vivo

We further determined the impact of exosomal
LINC00662 on the NSCLC development in vivo. For this
purpose, we performed the tumorigenicity analysis in
nude mice injected with A549 cells, which were treated
with LINCO00662 overexpression vector or LINC00662
overexpression exosome. The overexpression of
LINCO00662 significantly enhanced the tumor growth of
A549 cells in vivo, as demonstrated by the tumor
size (Figure 7A), tumor volume (Figure 7B), and tumor
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weight (Figure 7C). Besides, the expression of E2F1 was
increased by the LINC00662 overexpression in the tumor
tissues of the mice (Figure 7D, 7E). Together these
suggest that exosomal LINCO00662 contributes to the
tumor growth of NSCLC in vivo.

DISCUSSION

NSCLC is the predominant type of lung cancer with
severe morbidity and high mortality [23]. As a crucial
regulator in cancer development, exosomal INcRNAs are
widely identified in the modulation of NSCLC. It has
been reported that the exosome-regulated shift of
INcRNA RP11 838N2.4 elevates the resistance of
erlotinib in NSCLC [24]. Cancer-originated exosome
INCRNA GAS5 serves as a marker of diagnosis of
NSCLC [25]. Plasma IncRNA MALAT-1 protected by
exosome is elevated and increases cell migration and
proliferation in NSCLC [26]. Tumor-transmitted INcRNA
H19 stimulates gefitinib resistance by packaging in the
exosome of NSCLC [27]. Exosome-transmitted INCRNA
UFC1 enhances the progression of NSCLC through
EZH2-regulated  epigenetic inhibiting of PTEN
expression [28]. Moreover, it has been identified that
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Figure 5. MiR-320d targets E2F1 in NSCLC cells. (A) The interaction of miR-320d and E2F1 3’ UTR was identified by bioinformatic
analysis using Targetscan (http://www.targetscan.org/vert 72/). (B—E) The HCC827 and A549 cells were treated with miR-320d mimic or the
control mimic. (B) The expression of miR-320d was tested by gPCR assays in the cells. (C) The luciferase activities of wild type E2F1 (E2F1 WT)
and E2F1 with the miR-320d-binding site mutant (E2F1 MUT) were determined by luciferase reporter gene assays in the cells. (D) The mRNA
expression of E2F1 was measured by gPCR assays in the cells. (E) The protein expression of E2F1 was analyzed by Western blot analysis in the
cells. (F) The HCC827 and A549 cells were treated with the control vector, LINCO0662 overexpression vector, or co-treated with LINC0O0662
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presented as mean + SD. Statistic significant differences were indicated: * P <0.05, ** P <0.01.
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INcRNA LINC00662 contributes to the development of
multiple cancers, such as breast cancer, ovarian cancer,
and colorectal cancer [29-31]. In this study, we first
identified that INcRNA LINC00662 was elevated in the
plasma exosome of NSCLC patients. Exosomal
LINC00662 promoted proliferation, invasion, and
migration, and inhibited apoptosis of NSCLC cells.
These data present a novel function of exosomal IncRNA
LINC00662 in the NSCLC progression, providing
valuable evidence for the fundamental role of exosomal
IncRNAs in the development of NSCLC.
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As a primary component of non-coding RNA and the
significant interplay factors with IncRNAs in the
pathological processes, miRNAs are also involved in
the modulation of NSCLC. It has been reported that
microRNA-455 represses NSCLC by targeting ZEB1
[32]. MiR-451a decreases cell invasion and migration
in NSCLC by modulating the expression of ATF2
[33]. MiR-24 increases the invasion and migration of
NSCLC by regulating ZNF367 [34]. MiRNA-4735-3p-
mediated FBXL3 inhibits cell proliferation and
migration of NSCLC [35]. MiR-760 represses the
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Figure 6. Exosomal LINC00662 promotes the progression of NSCLC by miR-320d/E2F1 axis in vitro. (A—F) The HCC827 and A549
cells were treated with LINCO0662 overexpression vector, or co-treated with LINCO0662 overexpression vector and miR-320d mimic or
lentiviral plasmids carrying E2F1 shRNA. (A, B) The cell viability was analyzed by the MTT assays in the cells. (C, D) The cell apoptosis was
measure by flow cytometry analysis in the cells. (E, F) The cell migration and invasion were examined by transwell assays in the cells. Data are
presented as mean = SD. Statistic significant differences were indicated: * P <0.05, ** P < 0.01.
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proliferation and metastasis of NSCLC by controlling
the expression of ROS1 [36]. MiR-24 increases the
invasion and migration of NSCLC by regulating
ZNF367 [34]. Besides, the role of miR-320d in the
modulation of development of cancer has been identified
in several tumor models, including hepatocellular
carcinoma, gastric cardiac adenocarcinoma, and
colorectal cancer [37-39]. Our mechanical investigation
further demonstrated that LINC00662 served as a
miR-320d sponge and miR-320d targeted E2F1 in
the NSCLC cells. These data display an unreported
role of miR-320d in the development of NSCLC,
identifying the new upstream IncRNA LINC00662 and
downstream target E2F1 of miR-320d in the modulation
of NSCLC.

It has been identified that E2F1 is involved in the
development of NSCLC. E2F1 positively controls the
expression of interferon regulatory factor 5 in NSCLC
[40]. PAQR4 stimulates cell metastasis and proliferation
by the CDKA4/pRB/E2F1 signaling in NSCLC [41].

MiR-1205 serves as a cancer suppressor by disengaging
the interplay of MDM4/E2F1 and KRAS in NSCLC
[42]. LncRNA-HAGLR represses tumor growth of
NSCLC by epigenetically inhibiting E2F1 [43]. The
clinical significance of the protein expression of E2F1 in
NSCLC is identified [44]. Our data showed that E2F1
contributed to the progression of NSCLC and is targeted
by miR-320d, which could be sponged by IncRNA
LINCO00662 in the system. These data provide new
evidence that E2F1 serves as a crucial factor in the
development of NSCLC.

In conclusion, we discovered that exosomal InCRNA
LINC00662 promoted NSCLC progression by
modulating miR-320d/E2F1 axis. Our finding provides
new insights into the mechanism by which exosomal
INcRNA LINC00662 contributes to the development
of NSCLC, improving the understanding of exosomal
INcRNA  LINC00662 and NSCLC. LncRNA
LINC00662, miR-320d, and E2F1 may serve as potential
targets for NSCLC therapy.
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Figure 7. Exosomal LINC00662 contributes to the tumor growth of NSCLC in vivo. (A-D) The effect of exosomal LINCO0662 on
tumor growth of NSCLC cells in vivo was analyzed by nude mice tumorigenicity assay. The A549 cells were treated with LINCO0662
overexpression vector or LINCO0662 overexpression exosome. (A) Representative images of dissected tumors from nude mice were
presented. (B) The average tumor volume was calculated and shown. (C) The average tumor weight was calculated and shown. (D, E) The
protein expression levels of E2F1 and B-actin were examined by Western blot analysis in the tumor tissues. Data are presented as mean * SD.
Statistic significant differences were indicated: * P < 0.05, ** P < 0.01.
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MATERIALS AND METHODS
NSCLC clinical samples

A total of 50 NSCLC clinical samples used in this study
was obtained between June 2017 and February 2019
from Linyi People's Hospital. The characteristic
information of the NSCLC patients was listed in
Supplementary Table 1. All the patients were diagnosed
by histopathological analysis. All cases were
independently diagnosed and reviewed by two
clinicians. Before surgery, no systemic or local therapy
was carried out in the subjects. The NSCLC tissues and
corresponding para-neoplastic tissues obtained from the
patients were immediately frozen into the liquid
nitrogen, followed by storing at -80° C before further
analysis. The samples used in this study were under the
written approval of the patients and healthy cases. This
study conformed to the experimental guidelines of the
World Medical Association and the Ethics Committee of
Linyi People's Hospital.

Exosome isolation and analysis

The culture medium and plasma and were centrifuged
(3000 x g, 15 minutes) to drop cells and cellular debris.
Next, Exoquick exosome precipitation solution (System
Biosciences, USA) was utilized to isolate exosomes.
The exosome characteristics were analyzed by the
transmission electron microscopy (TEM) as previously
reported [45].

Cell culture and treatment

The HCC827 and A549 cell lines were purchased in
American Type Tissue Culture Collection. The cells
were cultured in the medium of DMEM (Gibco, USA)
containing 10% fetal bovine serum (Gibco, USA), 0.1
mg/mL streptomycin (Gibco, USA) and 100 units/mL
penicillin (Gibco, USA) at a condition of 37° C with 5%
CO,. The LINCO00662 overexpression vector and
control vector, LINC00662 shRNA and control shRNA,
E2F1 shRNA and control siRNA, miR-320d mimic and
control mimic were obtained (GenePharma, China). The
transfection in the cells was performed by Liposome
3000 (Invitrogen, USA) according to the manufacturer's
instructions.

Quantitative reverse transcription-PCR (QRT-PCR)

The total RNAs were extracted by TRIZOL (Invitrogen,
USA) from the tissues and cells. The first-strand cDNA
was synthesized using Stand cDNA Synthesis Kit
(Thermo, USA) as the manufacturer's instruction. The
gRT-PCR was carried out by applying SYBR Real-time
PCR | kit (Takara, Japan). The standard control for

MRNA/IncRNA and miRNA was GAPDH and US6,
respectively. Quantitative determination of the RNA
levels was conducted by SYBR GreenPremix EX
TaqTM Il Kit (TaKaRa, Japan). The experiments were
independently repeated at least three times. The primer
sequences are as follows:

LncRNA LINC00662 forward: 5'-CACGCTTCTGAA
ACTGGTGT-3'

LncRNA LINC00662 reverse: 5-TGTACAGCCTGG
TGACAGAG-3’

miR-320d forward: 5'-AAAAGCTGGGTTGAGAGGA-3’
miR-320d reverse: 5'-TCCTCTCAACCCAGCTTTT-3’
E2F1 forward: 5'-AGCGGCGCATCTATGACATC-3’
E2F1 reverse: 5'-GTCAACCCCTCAAGCCGTC-3’
GAPDH forward: 5-AAGAAGGTGGTGAAGCAGG
c-3

GAPDH reverse: 5-TCCACCACCCAGTTGCTGTA-3'
U6 forward: 5'-GCTTCGGCAGCACATATACTAA-3’
U6 reverse: 5'-AACGCTTCACGAATTTGCGT-3’

MTT assays

The cell viability was measured by MTT assays. Briefly,
about 2x10* cells were put into 96 wells and cultured for
12 hours. After indicated treatment for 24 hours, 48 hours,
and 72 hours, the cells were added with a 10 uL MTT
solution (5 mg/mL) and cultured for an extra 4 hours.
Discarded medium, and 150 uL. DMSO was used to treat
the wells. An ELISA browser was applied to analyze the
absorbance at 570nm (Bio-Tek EL 800, USA).

Colony formation assays

About 1x10% HCC827 and A549 cells were layered in 6
wells and incubated in DMEM at 37° C. After two
weeks, cells were cleaned with PBS Buffer, made in
methanol for about thirty minutes, and dyed with crystal
violet dye at the dose of 1%, after which the number of
colonies was calculated.

Transwell assays

Transwell assays analyzed the impacts of the exosomal
IncRNA LINCO00662 on cell invasion and migration of
NSCLC by using a Transwell plate (Corning, USA)
according to the manufacturer's instruction. Briefly, the
upper chambers were plated with around 1 x 10° cells.
Then solidified through 4% paraformaldehyde and dyed
with crystal violet. The invaded and migrated cells were
recorded and calculated.

Wound healing assay

HCC827 and A549 cells were plated in the 24-well
plate at 3 x 10°%well and cultured overnight to reach a

WWWw.aging-us.com 6019

AGING



full confluent as a monolayer. A 20ul pipette tip was
applied to slowly cut a straight line across the well.
Then the well was washed by PBS 3 times and changed
with the serum-free medium and continued to culture.
The wound healing percentage was calculated.

Analysis of cell apoptosis

Around 2x10° cells were plated on 6-well dishes. Cell
apoptosis was analyzed by using the Annexin V-FITC
Apoptosis Detection Kit (CST, USA) according to the
manufacture’s instruction. Briefly, about 2x108 collected
and washed cells collected by binding buffer and were
dyed at 25° C, followed by the flow cytometry analysis.

Cell-cycle analysis

Approximately 1x10° cells were plated on 6-well dishes
and treated as indicated. Floating and adherent cells were
fixed in cold ethanol (4° C, 70% in PBS) overnight.
RNaseA 1(00 pg/mL) was added to the cells at 37° C for
30 minutes, followed by the PI staining (50 pg/mL, 30
minutes) in the dark and the flow cytometric analysis
using a FACSCalibur cytometry (Becton Dickinson,
USA). About ten thousand events were calculated for
each sample and the distribution of cell cycle was
analyzed by Cell Quest software (Becton Dickinson,
USA).

Luciferase reporter gene assay

The luciferase reporter gene assays were performed by
using the Dual-luciferase Reporter Assay System
(Promega, USA). Briefly, the cells were treated with the
miR-320d mimic, miR-320d mimic or control mimic,
pmirGLO-LINC00662, pmirGLO-LINC00662 mutant,
pmirGLO-E2F1, and pmirGLO-E2F1 mutant were
transfected in the cells by using Lipofectamine 3000
(Invitrogen, USA), followed by the analysis of
luciferase activities, in which Renilla was applied as a
normalized control.

Western blot analysis

Total proteins were extracted from the cells or mice
tissues with RIPA buffer (CST, USA). Protein
concentrations were measured by using the BCA Protein
Quantification Kit (Abbkine, USA). Same concentration
of protein was divided by SDS-PAGE (12%
polyacrylamide gels), transferred to PVDF membranes
(Millipore, USA) in the subsequent step. The membranes
were hindered with 5% milk and hatched overnight at
4° C with the primary antibodies for TSG101 (Abcam,
USA), CD63 (Abcam, USA), Grp94 (Abcam, USA),
CD9 (Abcam, USA), E2F1 (Abcam, USA), and fB-actin
(Abcam, USA), in which B-actin served as the control.

Then, the corresponding second antibodies (Abcam,
USA) were used for hatching the membranes 1 hour at
room temperature, followed by the visualization by using
an Odyssey CLx Infrared Imaging System.

Analysis of tumorigenicity in nude mice

The effect of exosomal IncRNA LINCO00662 on tumor
growth in vivo was analyzed in nude mice of Balb/c (male,
4-week-old) (n=5). The A549 cells were treated with
LINC00662 overexpression vector or LINC00662
overexpression exosome. And about 1x107 cells were
subcutaneously injected in the mice. After 7 days of
injection, we measured tumor growth every 7 days. We
sacrificed the mice after 28 days of injection, and tumors
were scaled. Tumor volume (V) was observed by
estimating the length and width with calipers and measured
with the method x 0.5. The protein expression levels of
E2F1 (Abcam, USA), and B-actin (Abcam, USA) were
analyzed by Western blot analysis in the tumor tissues.
Animal care and method procedure were authorized by the
Animal Ethics Committee of Linyi People's Hospital.

Statistical analysis

Data were presented as mean + SD, and the statistical
analysis was performed by GraphPad prism 7. The
unpaired Student’s t-test was applied for comparing two
groups, and the one-way ANOVA was applied for
comparing among multiple groups. P < 0.05 were
considered as statistically significant.

AUTHOR CONTRIBUTIONS

Xin Lv and Yingjie Lian contributed to the study design
and reviewed the munascript; Zhanye Liu, Donghua
Zhang and Xiaohua Yin contributed to the data
collection, data interpretation and manuscript writing;
Jianguang Xiao and Xiaohua Yin conducted the
experiments and analyzed the data; All authors read and
approved the final manuscript.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.

FUNDING
This research did not receive any specific grant from

funding agencies in the public, commercial, or not-for-
profit sectors.

REFERENCES

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA,
Jemal A. Global cancer statistics 2018: GLOBOCAN

WWWw.aging-us.com 6020

AGING



10.

estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 2018;
68:394-424.

https://doi.org/10.3322/caac.21492 PMID:30207593

Hua Q, Mi B, Xu F, Wen J, Zhao L, Liu J, Huang G.
Hypoxia-induced IncRNA-AC020978 promotes
proliferation and glycolytic metabolism of non-small
cell lung cancer by regulating PKM2/HIF-1a axis.
Theranostics. 2020; 10:4762-78.
https://doi.org/10.7150/thno.43839 PMID:32308748

Kim C, Giaccone G. Precision oncology in non-small-cell
lung cancer: opportunities and challenges. Nat Rev Clin
Oncol. 2018; 15:348-49.
https://doi.org/10.1038/s41571-018-0008-0
PMID:29599475

Herbst RS, Morgensztern D, Boshoff C. The biology and
management of non-small cell lung cancer. Nature.
2018; 553:446-54.

https://doi.org/10.1038/nature25183 PMID:29364287

Kopp F, Mendell JT. Functional classification and
experimental dissection of long noncoding RNAs. Cell.
2018; 172:393-407.
https://doi.org/10.1016/j.cell.2018.01.011
PMID:29373828

Bhan A, Soleimani M, Mandal SS. Long noncoding RNA
and cancer: a new paradigm. Cancer Res. 2017;
77:3965-81.
https://doi.org/10.1158/0008-5472.CAN-16-2634
PMID:28701486

Yu L, Fang F, Lu S, Li X, Yang Y, Wang Z. IncRNA-HIT
promotes cell proliferation of non-small cell lung
cancer by association with E2F1. Cancer Gene Ther.
2017; 24:221-26.

https://doi.org/10.1038/cgt.2017.10 PMID:28429752

Wei S, Wang K, Huang X, Zhao Z, Zhao Z. LncRNA
MALAT1 contributes to non-small cell lung cancer
progression via modulating miR-200a-3p/programmed
death-ligand 1 axis. Int J Immunopathol Pharmacol.
2019; 33:2058738419859699.
https://doi.org/10.1177/2058738419859699
PMID:31240979

Zhang Z, Liang X, Ren L, Zhang S, Li S, Wan T, Xu D, Lv S.
LINC00662 promotes cell viability and metastasis in
esophageal squamous cell carcinoma by sponging miR-
340-5p and upregulating HOXB2. Thorac Cancer. 2020;
11:2306-15.
https://doi.org/10.1111/1759-7714.13551
PMID:32633082

Gong W, Su Y, Liu Y, Sun P, Wang X. Long non-coding
RNA Linc00662 promotes cell invasion and contributes
to cancer stem cell-like phenotypes in lung cancer cells.
J Biochem. 2018; 164:461-69.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

https://doi.org/10.1093/jb/mvy078
PMID:30256974

Sun T, Kalionis B, Lv G, Xia S, Gao W. Role of exosomal
noncoding RNAs in lung carcinogenesis. Biomed Res
Int. 2015; 2015:125807.

https://doi.org/10.1155/2015/125807 PMID:26583084

Sun Z, Yang S, Zhou Q, Wang G, Song J, Li Z, Zhang Z, Xu
J, Xia K, Chang Y, Liu J, Yuan W. Emerging role of
exosome-derived long non-coding RNAs in tumor
microenvironment. Mol Cancer. 2018; 17:82.
https://doi.org/10.1186/s12943-018-0831-z
PMID:29678180

Hewson C, Morris KV. Form and function of exosome-
associated long non-coding RNAs in cancer. Curr Top
Microbiol Immunol. 2016; 394:41-56.

https://doi.org/10.1007/82 2015 486 PMID:26739961

Lu TX, Rothenberg ME. MicroRNA. J Allergy Clin
Immunol. 2018; 141:1202-07.
https://doi.org/10.1016/j.jaci.2017.08.034
PMID:29074454

Rupaimoole R, Slack FJ. MicroRNA therapeutics:
towards a new era for the management of cancer and
other diseases. Nat Rev Drug Discov. 2017; 16:203-22.
https://doi.org/10.1038/nrd.2016.246 PMID:28209991

Chen S, Shi F, Zhang W, Zhou Y, Huang J. miR-744-5p
inhibits non-small cell lung cancer proliferation and
invasion by directly targeting PAX2. Technol Cancer Res
Treat. 2019; 18:1533033819876913.
https://doi.org/10.1177/1533033819876913
PMID:31522607

Jin RH, Yu DJ, Zhong M. MiR-1269a acts as an onco-
miRNA in non-small cell lung cancer via down-
regulating SOX6. Eur Rev Med Pharmacol Sci. 2018;
22:4888-97.

https://doi.org/10.26355/eurrev_201808 15625
PMID:30070324

Qin CZ, Lv QL, Yang YT, Zhang JM, Zhang XJ, Zhou HH.
Downregulation of MicroRNA-320d predicts poor
overall survival and promotes the growth and
invasive abilities in glioma. Chem Biol Drug Des. 2017;
89:806-14.

https://doi.org/10.1111/cbdd.12906

PMID:27862991

Chen HZ, Tsai SY, Leone G. Emerging roles of E2Fs in
cancer: an exit from cell cycle control. Nat Rev Cancer.
2009; 9:785-97.

https://doi.org/10.1038/nrc2696

PMID:19851314

Hu F, Gartenhaus RB, Zhao XF, Fang HB, Minkove S,
Poss DE, Rapoport AP. C-myc and E2F1 drive PBK/TOPK
expression in high-grade Malignant lymphomas. Leuk
Res. 2013; 37:447-54.

WWWw.aging-us.com

6021

AGING


https://doi.org/10.3322/caac.21492
https://pubmed.ncbi.nlm.nih.gov/30207593
https://doi.org/10.7150/thno.43839
https://pubmed.ncbi.nlm.nih.gov/32308748
https://doi.org/10.1038/s41571-018-0008-0
https://pubmed.ncbi.nlm.nih.gov/29599475
https://doi.org/10.1038/nature25183
https://pubmed.ncbi.nlm.nih.gov/29364287
https://doi.org/10.1016/j.cell.2018.01.011
https://pubmed.ncbi.nlm.nih.gov/29373828
https://doi.org/10.1158/0008-5472.CAN-16-2634
https://pubmed.ncbi.nlm.nih.gov/28701486
https://doi.org/10.1038/cgt.2017.10
https://pubmed.ncbi.nlm.nih.gov/28429752
https://doi.org/10.1177/2058738419859699
https://pubmed.ncbi.nlm.nih.gov/31240979
https://doi.org/10.1111/1759-7714.13551
https://pubmed.ncbi.nlm.nih.gov/32633082
https://doi.org/10.1093/jb/mvy078
https://pubmed.ncbi.nlm.nih.gov/30256974
https://doi.org/10.1155/2015/125807
https://pubmed.ncbi.nlm.nih.gov/26583084
https://doi.org/10.1186/s12943-018-0831-z
https://pubmed.ncbi.nlm.nih.gov/29678180
https://doi.org/10.1007/82_2015_486
https://pubmed.ncbi.nlm.nih.gov/26739961
https://doi.org/10.1016/j.jaci.2017.08.034
https://pubmed.ncbi.nlm.nih.gov/29074454
https://doi.org/10.1038/nrd.2016.246
https://pubmed.ncbi.nlm.nih.gov/28209991
https://doi.org/10.1177/1533033819876913
https://pubmed.ncbi.nlm.nih.gov/31522607
https://doi.org/10.26355/eurrev_201808_15625
https://pubmed.ncbi.nlm.nih.gov/30070324
https://doi.org/10.1111/cbdd.12906
https://pubmed.ncbi.nlm.nih.gov/27862991
https://doi.org/10.1038/nrc2696
https://pubmed.ncbi.nlm.nih.gov/19851314

21.

22.

23.

24,

25.

26.

27.

28.

https://doi.org/10.1016/j.leukres.2012.11.010
PMID:23237560

Lee JS, Leem SH, Lee SY, Kim SC, Park ES, Kim SB, Kim
SK, Kim YJ, Kim WJ, Chu IS. Expression signature of
E2F1 and its associated genes predict superficial to
invasive progression of bladder tumors. J Clin Oncol.
2010; 28:2660-67.
https://doi.org/10.1200/JC0.2009.25.0977
PMID:20421545

Huang CL, Liu D, Nakano J, Yokomise H, Ueno M,
Kadota K, Wada H. E2F1 overexpression correlates
with thymidylate synthase and survivin gene
expressions and tumor proliferation in non small-cell
lung cancer. Clin Cancer Res. 2007; 13:6938-46.
https://doi.org/10.1158/1078-0432.CCR-07-1539
PMID:18056168

Valentino F, Borra G, Allione P, Rossi L. Emerging
targets in advanced non-small-cell lung cancer. Future
Oncol. 2018; 14:61-72.
https://doi.org/10.2217/fon-2018-0099
PMID:29989453

Zhang W, Cai X, Yu J, Lu X, Qian Q, Qian W. Exosome-
mediated transfer of IncRNA RP11-838N2.4 promotes
erlotinib resistance in non-small cell lung cancer. Int J
Oncol. 2018; 53:527-38.

https://doi.org/10.3892/ij0.2018.4412 PMID:29845246

Li C, Lv Y, Shao C, Chen C, Zhang T, Wei Y, Fan H, Lv T,
Liu H, Song Y. Tumor-derived exosomal IncRNA GAS5
as a biomarker for early-stage non-small-cell lung
cancer diagnosis. J Cell Physiol. 2019; 234:20721-27.
https://doi.org/10.1002/jcp.28678 PMID:31032916

Zhang R, Xia Y, Wang Z, Zheng J, Chen Y, Li X, Wang Y,
Ming H. Serum long non coding RNA MALAT-1
protected by exosomes is up-regulated and promotes
cell proliferation and migration in non-small cell lung
cancer. Biochem Biophys Res Commun. 2017,
490:406-14.
https://doi.org/10.1016/j.bbrc.2017.06.055
PMID:28623135

Lei Y, Guo W, Chen B, Chen L, Gong J, Li W. Tumor-
released IncRNA H19 promotes gefitinib resistance via
packaging into exosomes in non-small cell lung cancer.
Oncol Rep. 2018; 40:3438-46.

https://doi.org/10.3892/0r.2018.6762 PMID:30542738

Zang X, Gu J, Zhang J, ShiH, Hou S, Xu X, Chen Y, Zhang
Y, Mao F, Qian H, Zhu T, Xu W, Zhang X. Exosome-
transmitted IncRNA UFC1 promotes non-small-cell lung
cancer progression by EZH2-mediated epigenetic
silencing of PTEN expression. Cell Death Dis. 2020;
11:215.

https://doi.org/10.1038/s41419-020-2409-0
PMID:32242003

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Cheng L, Xing Z, Zhang P, Xu W. Long non-coding RNA
LINC00662 promotes proliferation and migration of
breast cancer cells via regulating the miR-497-5p/EgIN2
axis. Acta Biochim Pol. 2020; 67:229-37.
https://doi.org/10.18388/abp.2020 5203
PMID:32558530

Tao LM, Gong YF, Yang HM, Pei JH, Zhao XJ, Liu SS.
LINC00662 promotes glycolysis and cell survival by
regulating miR- 375/HIF-1a axis in ovarian cancer. J
Biol Regul Homeost Agents. 2020; 34:467-77.

https://doi.org/10.23812/19-300-A-18 PMID:32476381

Yao Z, Xu D, Li Z, Yao J, Pan Z, Chen J. Long intergenic
non-coding RNA LINC00662 contributes to Malignant
growth of colorectal cancer cells by upregulating c-myc
via sponging microRNA-145. Biosci Rep. 2020. [Epub
ahead of print].

https://doi.org/10.1042/BSR20200011
PMID:32469047

Li YJ, Ping C, Tang J, Zhang W. MicroRNA-455
suppresses non-small cell lung cancer through
targeting ZEB1. Cell Biol Int. 2016; 40:621-28.
https://doi.org/10.1002/cbin.10584 PMID:26801503

Shen YY, Cui JY, Yuan J, Wang X. MiR-451a suppressed
cell migration and invasion in non-small cell lung
cancer through targeting ATF2. Eur Rev Med
Pharmacol Sci. 2018; 22:5554-61.
https://doi.org/10.26355/eurrev_201809 15818
PMID:30229828

Liu Z, Jiang L, Zhang G, Li S, Jiang X. MiR-24 promotes
migration and invasion of non-small cell lung cancer by
targeting ZNF367.J BUON. 2018; 23:1413-19.
PMID:30570867

Wang D, Han X, Li C, Bai W. FBXL3 is regulated by
miRNA-4735-3p and suppresses cell proliferation and
migration in non-small cell lung cancer. Pathol Res
Pract. 2019; 215:358-65.
https://doi.org/10.1016/j.prp.2018.12.008
PMID:30594330

Yan C, Zhang W, Shi X, Zheng J, Jin X, Huo J. MiR-760
suppresses non-small cell lung cancer proliferation and
metastasis by targeting ROS1. Environ Sci Pollut Res
Int. 2018; 25:18385-391.
https://doi.org/10.1007/s11356-017-1138-0
PMID:29372517

Li W, Ding X, Wang S, Xu L, Yin T, Han S, Geng J, Sun W.
Downregulation of serum exosomal miR-320d predicts
poor prognosis in hepatocellular carcinoma. J Clin Lab
Anal. 2020; 34:e23239.
https://doi.org/10.1002/jcla.23239

PMID:32125733

Chen X, Gao S, Zhao Z, Liang G, Kong J, Feng X.
MicroRNA-320d regulates tumor growth and invasion

WWWw.aging-us.com

6022

AGING


https://doi.org/10.1016/j.leukres.2012.11.010
https://pubmed.ncbi.nlm.nih.gov/23237560
https://doi.org/10.1200/JCO.2009.25.0977
https://pubmed.ncbi.nlm.nih.gov/20421545
https://doi.org/10.1158/1078-0432.CCR-07-1539
https://pubmed.ncbi.nlm.nih.gov/18056168
https://doi.org/10.2217/fon-2018-0099
https://pubmed.ncbi.nlm.nih.gov/29989453
https://doi.org/10.3892/ijo.2018.4412
https://pubmed.ncbi.nlm.nih.gov/29845246
https://doi.org/10.1002/jcp.28678
https://pubmed.ncbi.nlm.nih.gov/31032916
https://doi.org/10.1016/j.bbrc.2017.06.055
https://pubmed.ncbi.nlm.nih.gov/28623135
https://doi.org/10.3892/or.2018.6762
https://pubmed.ncbi.nlm.nih.gov/30542738
https://doi.org/10.1038/s41419-020-2409-0
https://pubmed.ncbi.nlm.nih.gov/32242003
https://doi.org/10.18388/abp.2020_5203
https://pubmed.ncbi.nlm.nih.gov/32558530
https://doi.org/10.23812/19-300-A-18
https://pubmed.ncbi.nlm.nih.gov/32476381
https://doi.org/10.1042/BSR20200011
https://pubmed.ncbi.nlm.nih.gov/32469047
https://doi.org/10.1002/cbin.10584
https://pubmed.ncbi.nlm.nih.gov/26801503
https://doi.org/10.26355/eurrev_201809_15818
https://pubmed.ncbi.nlm.nih.gov/30229828
https://pubmed.ncbi.nlm.nih.gov/30570867
https://doi.org/10.1016/j.prp.2018.12.008
https://pubmed.ncbi.nlm.nih.gov/30594330
https://doi.org/10.1007/s11356-017-1138-0
https://pubmed.ncbi.nlm.nih.gov/29372517
https://doi.org/10.1002/jcla.23239
https://pubmed.ncbi.nlm.nih.gov/32125733

39.

40.

41.

by promoting FoxM1 and predicts poor outcome in
gastric cardiac adenocarcinoma. Cell Biosci. 2020;
10:80.

https://doi.org/10.1186/s13578-020-00439-7
PMID:32551039

Du B, Wang T, Yang X, Wang J, Shi X, Wang X, Wu D,
Feng L, Chen L, Zhang W. SOX9, miR-495, miR-590-3p,
and miR-320d were identified as chemoradiotherapy-
sensitive genes and miRNAs in colorectal cancer
patients based on a microarray dataset. Neoplasma.
2019; 66:8-19.

https://doi.org/10.4149/neo 2018 170324N214
PMID:30509082

Feng DD, Cao Q, Zhang DQ, Wu XL, Yang CX, Chen YF,
Yu T, Qi HX, Zhou GP. Transcription factor E2F1
positively regulates interferon regulatory factor 5
expression in non-small cell lung cancer. Onco Targets
Ther. 2019; 12:6907-15.

https://doi.org/10.2147/0TT1.5215701 PMID:31692554

Wu B, Liu R. PAQR4 promotes cell proliferation and
metastasis through the CDK4-pRB-E2F1 pathway in
non-small-cell lung cancer. Onco Targets Ther. 2019;
12:3625-33.

https://doi.org/10.2147/0TT.5181432 PMID:31190865

42.

43.

44,

45.

Yan H, Chen X, Li Y, Fan L, Tai Y, Zhou Y, Chen Y, Qi X,
Huang R, Ren J. MIiR-1205 functions as a tumor
suppressor by disconnecting the synergy between
KRAS and MDM4/E2F1 in non-small cell lung cancer.
Am J Cancer Res. 2019; 9:312-29.

PMID:30906631

Guo X, Chen Z, Zhao L, Cheng D, Song W, Zhang X. Long
non-coding RNA-HAGLR suppressed tumor growth of
lung adenocarcinoma through epigenetically silencing
E2F1. Exp Cell Res. 2019; 382:111461.
https://doi.org/10.1016/j.yexcr.2019.06.006
PMID:31194977

Hung JJ, Hsueh CT, Chen KH, Hsu WH, Wu YC. Clinical
significance of E2F1 protein expression in non-small
cell lung cancer. Exp Hematol Oncol. 2012; 1:18.
https://doi.org/10.1186/2162-3619-1-18
PMID:23210897

Pan R, Zhou H. Exosomal transfer of IncRNA H19
promotes erlotinib resistance in non-small cell lung
cancer via miR-615-3p/ATG7 axis. Cancer Manag Res.
2020; 12:4283-97.
https://doi.org/10.2147/CMAR.S241095
PMID:32606925

WWWw.aging-us.com

6023

AGING


https://doi.org/10.1186/s13578-020-00439-7
https://pubmed.ncbi.nlm.nih.gov/32551039
https://doi.org/10.4149/neo_2018_170324N214
https://pubmed.ncbi.nlm.nih.gov/30509082
https://doi.org/10.2147/OTT.S215701
https://pubmed.ncbi.nlm.nih.gov/31692554
https://doi.org/10.2147/OTT.S181432
https://pubmed.ncbi.nlm.nih.gov/31190865
https://pubmed.ncbi.nlm.nih.gov/30906631
https://doi.org/10.1016/j.yexcr.2019.06.006
https://pubmed.ncbi.nlm.nih.gov/31194977
https://doi.org/10.1186/2162-3619-1-18
https://pubmed.ncbi.nlm.nih.gov/23210897
https://doi.org/10.2147/CMAR.S241095
https://pubmed.ncbi.nlm.nih.gov/32606925

SUPPLEMENTARY MATERIALS

Supplementary Table

Supplementary Table 1. The characteristics of NSCLC patients.

No. Age Gender Organ Smoking history Tumor size (cm) TNM stage
1 59 F Lung Non-smokers <3 -1
2 60 M Lung Smokers >3 H-v
3 65 M Lung Smokers <3 -1
4 43 M Lung Smokers >3 Hi-v
5 60 F Lung Non-smokers >3 H-v
6 41 M Lung Smokers <3 -1+
7 45 M Lung Smokers >3 Hi-v
8 56 M Lung Smokers >3 I-11-
9 70 M Lung Non-smokers >3 H-v
10 67 M Lung Smokers >3 Hi-1v
11 59 M Lung Smokers >3 H-v
12 57 M Lung Smokers <3 -1
13 61 F Lung Non-smokers >3 Hi-1v
14 51 F Lung Non-smokers >3 -1
15 56 M Lung Smokers >3 Hi-1v
16 60 M Lung Smokers >3 H-v
17 54 M Lung Smokers >3 Hi-1v
18 36 M Lung Smokers >3 -1l
19 46 M Lung Smokers >3 H-v
20 60 M Lung Smokers >3 Hi-1v
21 59 M Lung Smokers >3 H-v
22 57 F Lung Non-smokers <3 -1l
23 51 M Lung Smokers >3 H-v
24 38 M Lung Smokers >3 Hi-1v
25 56 M Lung Smokers >3 Hi-1v
26 49 M Lung Non-smokers >3 H-v
27 58 F Lung Non-smokers <3 -1l
28 46 M Lung Smokers >3 H-v
29 56 M Lung Smokers >3 Hi-1v
30 54 M Lung Smokers >3 -1l
31 39 M Lung Smokers <3 H-v
32 53 M Lung Non-smokers >3 Hi-1v
33 60 M Lung Smokers >3 H-v
34 66 M Lung Smokers <3 -1l
35 60 F Lung Non-smokers <3 -1l
36 59 M Lung Smokers >3 Hi-1v
37 69 M Lung Smokers >3 Hi-1v
38 38 M Lung Smokers <3 -1l
39 56 M Lung Smokers >3 H-v
40 53 F Lung Non-smokers >3 -1l
41 47 M Lung Smokers >3 H-v
42 67 M Lung Non-smokers <3 -1
43 49 M Lung Smokers >3 H-v
44 46 M Lung Non-smokers >3 H-v
45 57 M Lung Smokers <3 -1l
46 49 M Lung Smokers <3r -1
47 47 M Lung Smokers >3 Hi-v
48 62 M Lung Smokers >3 H-v
49 68 F Lung Non-smokers <3 -1l
50 66 M Lung Non-smokers <3 -1V
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