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Abstract

Long noncoding RNA (IncRNA) has been recently revealed as a main
regulatory molecule, implicating many cellular functions. Studies showed that
IncRNA is abnormally expressed and involved in the progression and
tumorigenesis of glioma. The present study identified a novel IncRNA
associated with glioma, glioma stem-like cells (GSCs) and then revealed their
potential functions. During the screening of IncRNAs, we found IncRNA RP5-
821D11.7 (IncRNA-RP5) overexpress in GSCs compared to glioma cells.
Lentivirus-mediated shRNA for IncRNA-RP5 was constructed and transfected
into glioma cells. Transfected stable glioma cells were transplanted into nude
mice and tumor growth was determined. Knockdown of IncRNA-RPS5
significantly inhibits proliferation, migration and reduces epithelial-
mesenchymal transition (EMT) by activating the Wnt/B-catenin pathway.
Additionally, the results showed that IncRNA RP5 knockdown enhances cell
apoptosis through endoplasmic reticulum stress. Therefore, this study may
provide a better understanding and demonstrates that IncRNA-RP5 may be a
potential therapeutic target in glioma.

This work is licensed under the Creative Commons Attribution Non-

Commercial 4.0 International License.
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Introduction

Malignant glioma is the most frequent and aggressive
neoplasm of the brain [1]. According to World Health
Organization (WHO) grading criteria, gliomas can be
divided into grades I-IV[2]. LncRNAs are RNA
molecules with less than 200 nucleotides that function
as RNA with little or no protein encoding [3-5].
LncRNA has been implicated in playing a functional
role in tumorigenesis and cancer growth [6-8]. There
is increasing evidence that IncRNA participates in a
diversity of many biological processes. The
mechanistic role and functional diversity of IncRNAs
are currently a field of research investigation [9, 10].
The Endoplasmic reticulum(ER) is a wvital
multifunctional eukaryotic organelle involved in lipid
biosynthesis, calcium storage, protein transportation,
and folding[11]. Protein misfolding in ER disturbs the
ER-associated protein degradation pathway (ERAD).
In ER, misfolded proteins are transported for
proteasomes degradation through an ER-associated
protein degradation system (ERAD). ER homeostasis
disturbance may cause ER stress by ERADJ[12].
Endoplasmic reticulum stress stimulates unfolded
protein response (UPR), which triggers UPR-related
downstream important components such as PERK,
ATF, and IRE1 involved in the maintenance and re-
establishment of ER stress. Furthermore, survival
pathways and apoptosis have been activated after ER
stress [13, 14]. However, ER stress persists due to
insufficient response and the UPR leads to apoptosis
through the activation of caspase [15], C/EBP
homologous protein (CHOP), and c-Jun NH2-
terminal kinase(JNK) [16].

EMT is an essential process through which epithelial
cells transform into mesenchymal cells, enhancing the
metastatic phenotype of cells [17]. This increased
ability of migration caused by EMT restricts the entire
recurrence of tumors [18, 19]. However, the effector
molecules and the signaling pathway mechanism that
regulate EMT of glioma remain unclear [17].
Currently, cancer stem cell research has discovered
that GSCs represent the sub-population of glioma with
tumorigenic activity, EMT, and chemo-radiotherapy
resistance properties [20-22]. Precisely due to these
properties, glioma stem-like cells are supposed as
responsible for glioma reoccurrence and therapy
failure in glioma patients [23, 24]. Thus, GSCs are
recognized as a target for therapeutic glioma resection
and contribute to therapy resistance.

In this study, we have discovered and compared the
functional mechanism of IncRNA-RP5, which
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enhanced EMT by activating the Wnt/B-catenin
pathway in glioma and GSCs. LncRNA-RP5
knockdown significantly inhibits proliferation,
migration, and oncosphere formation, and in vivo
tumor growth by inducing apoptosis.

Materials and Methods
Cell culture

Glioma cell lines were obtained from American Type
Culture Collection (ATTC). DMEM cell culture
medium (Gibco), including FBS (Gibco), penicillin,
and streptomycin (100U/mL), was used for cell
culture at 37°C with 5% COz in a humidified
atmosphere. The U87Sc and U251Sc were isolated
from U87 and U251 glioma cells by the method of
serum clone formation. Medium without serum was
composed of DMEM/F12 (Hyclone), 2% B27
supplement (Invitrogen), 20ug/L epidermal growth
factor (EGF) (Sigma), 20ug/L basic alkaline fibroblast
growth factor (bFGF) (Sigma)[25]. After 10 days,
oncospheres were observed, dissociated, and passaged
in a fresh medium.

Transfection

Lentivirus-mediated shRNA to knockdown LncRNA-
RPS5 and negative control lentiviral vectors were
designed and synthesized by GenPharma (Suzhou,
China). Lentivirus was packaged into HEK-293T cells
and collected as per the manufacturer’s instructions.
U87 and U251 glioma cells were used for lentiviral
particle infection, and stable cells were established
using puromycin as a selection marker.

Real-Time quantitative PCR

Trizol reagent was used to extract RNA from glioma
and GSCs cell lines, and stored at -80°C. RNA was
transcribed into cDNA by using a reverse transcription
kit (Vazyme, China). qPCR experiment was carried
out using the SYBER Prime Script RT-PCR kit
(Takara) on ABI-7900 real-time PCR system.
Expression of the gene was calculated using 2—AACT
method. Primer sequences were used as follows:
LncRNA-RP5-46C24.7

Forward: 5> GTCTGAACATCACGCCGAACT 3’,
Reverse:5° AGAACCCCTGGTATCAGTGCTAT 3’
GAPDH

Forward: 5> GCACCGTCAAGGCTGAGAAC 3’,
Reverse: 5 TGGTGAAGACGCCAGTGGA 3’
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Cell proliferation

Lentivirus-mediated sh-RP5 Stable cells (U87, U251,
US87Sc, and U251Sc) and negative control cells were
subjected to cell Counting Kit-8 (CCKS) (Biosharp,
China) for proliferation study[26]. In short, 3000 cells
of each group were plated in 96 well plates, and cell
viability was measured at 1-4 days. The OD (Optical
Density) was detected at 450nm by a microplate
reader (Perkin Elmer, USA).

Migration assay

Glioma cell migration was evaluated by using a
transwell chamber (Miltenyi) according to a
previously reported method [27-29]. Briefly, an equal
number of cells were suspended in medium (without
serum), placed onto the upper chamber, and 0.6 mL of
medium with FBS was added to the lower chamber.
After the incubation of 24hrs, the glioma cells on the
upper surface of the chamber were removed, and
methanol was used for 15min to fix the cell of the
lower chamber. Then cells were stained with 1%
crystal violate for a half hour and counted.

Oncosphere-formation assays

Ultra-low attachment 6-well plates were used to seed
5x10% GSCs cells/mL in a modified DMEM medium,
as defined in the cell culture section, without serum
supplementation[5, 8, 30, 31]. The Medium of cells
was changed every 72-96 hrs. GSCs were dissociated
into single cells and grew in 24 well plates at a density
of 200 cells per well. After 14 days of growth, the
numbers and diameters were calculated.

Flow cytometry

Cell apoptosis was determined by the Annexin V-
FITC apoptosis detection kit (Vazyme

Nanjing, China) following the manufacturer’s
protocol[12, 22, 30, 32]. Sh-RP5 cells and negative
control cells were washed with PBS and then
resuspended in a staining buffer. The Annexin V-
FITC and Propidium lIodide (PI) fluorescence levels
were measured by flow cytometry (FCM).

Immunostaining

Four percent paraformaldehyde (PFA) was used to fix
U87 and U251 sh-RP5 and NC cells at 4°C for 12hrs.
Fixed cells were permeabilized in PBS with 0.3%
Triton X-100 at room temperature for 20min. 10%

Biomedical Letters 2023; 9(2):64-74

normal goat serum (NGS) in PBS with 0.3% Triton X-
100 was used to block permeabilized cells for 2hrs at
room temperature. The blocked cells were placed in
primary antibodies diluted in PBS with 10% NGS and
0.3% triton X-100 for 12 hrs at 4°C. Then, cells were
washed and incubated with secondary antibodies for
2hrs at room temperature. A Mounting solution
(Prolong ® Gold antifade reagent with DAPI) was
used to mount the cells. Then, the slides were
examined by using Fluoview (FV3000, Olympus)
confocal microscope.

Western blotting

RIPA lysis buffer containing Protease inhibitor was
used for protein extraction. The BCA kit was used to
measure the protein concentration of samples. As per
the previously reported method, western blotting
experiments were analyzed [27, 28, 33]. Protein
expression was detected by using the following
antibodies: EpCAM (Abcam), CD44, SOX2, Nanog,
N-cadherin  E-cadherin, [B-catenin, phospho-f-
cateninSer33/37/Thr41, Non-phospho (Active) -
catenin Ser33/37/Thr41 (Active-B-- catenin) (Cell
Signaling), c-Myc, CHOP (Proteintech), and Caspase-
4 (Santa Cruz). Antibodies were diluted according to
specification. The Chemiluminescence method was
used for the examination of protein expression.

Tumor mice model

The xenograft tumor mice model was generated by
subcutaneously injected sh-RP5 (U87) and NC glioma
cells. The sh-RP5 stable and NC (5%10°) in 200uL
media without serum were implanted into the lateral
thoracic region of BALB/c athymic nude mice
(female, aged three-four weeks and 18-20g weight)
supplied by the KeyGENBioTECH corp., Ltd. Tumor
volume was observed by measuring length and width
every week. The tumor volume was calculated using
the formula: volume = (length x width2)/2.

Statistical analysis
GraphPad Prism 5.0 (GraphPad Software Inc.) was
used for statistical analysis. Data were expressed as

the mean + standard deviation (SD). P-values less than
0.05 were considered statistically significant.
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Results

LncRNA-RPS5 expression up-regulated in GSCs and
facilitated the proliferation

In this work, we have screened more than 200
IncRNAs and compared the expression between
glioma and GSCs (data not shown). Interestingly,
during the screening, we discovered that LncRNA-
RPS5 expression significantly up-regulates in GSCs
compared to glioma (Fig. 1A). LncRNA-RPS is a
novel IncRNA, and the function of IncRNA-RPS5 in
the tumor was unknown. To confirm the non-coding
potential of IncRNA-RP5, we performed the online
detection with Coding Potential Assessment Tool
(CPAT v2+0.0)[34]. The value for Inc00492 obtained
from the CPAT database indicates that LncRNA-RP5
is a noncoding RNA (Supplementary Table 1).
Furthermore, to identify the role of IncRNA-RP5 in
glioma and GSCs, we silenced IncRNA-RP5 using
lentivirus-mediated short hairpin RNA (shRNAs).
Notably, Knockdown assay through sh-RNA
significantly suppressed the expression of IncRNA-
RP5 in (U887 and U251) and GSCs (U87SCs and
U251SCs) cell lines compared to NC (Fig. 1B, C).
Additionally, the effect of IncRNA-RP5 knockdown
on the proliferation of glioma and GSCs was detected
by CCK-8 assay, which indicated that the proliferation
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rate was significantly inhibited in the sh-RP5 group
compared to the negative control (Fig. 1D-G). These
results indicated that LncRNA-RP5 might be involved
in tumor initiation in vitro.

LncRNA-RPS is required for oncosphere formation,
self-renewal, and stemness of GSCs

To determine the role of IncRNA-RP5 in glioma and
GSCs self-renewal, we analyzed the oncosphere
formation assay. The oncosphere formation
experiment showed that negative control cells formed
bigger oncospheres, while the sh-RP5 (U87SCs) cells
formed a smaller oncosphere after 14 days. A similar
observation was obtained for sh-RP5 (U251SCs) cells
(Fig. S1A, B). Results showed that IncRNA-RP5
might be involved in cloning forming and self-renewal
of glioma in vitro. LncRNA-RP5 depletion in U87SCs
and U251SCs significantly reduced the expression of
cancer stem cells (CSC) marker CD44 and EpCAM in
sh-RP5 cells compared to the negative control.
Moreover, stem cell genes Sox2 and Nanog
pluripotent transcription factors favoring the
maintenance of stem cells[24, 26, 35] were similarly
analyzed. The Sox2 and Nanog protein expression
were also reduced in lentivirus-mediated shRNA
(U87SCs and u251SCs) cells compared to negative
control cells. These outcomes suggested that IncRNA-
RP5 may be vital in maintaining GSCs (Fig. S2A-D).
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Fig. 1: LncRNARPS up-regulated GSCs, which promotes proliferation in glioma and GSCs. Relative -RNA expression of
IncRNA RP5 was validated by RT-PCR in glioma and GSCs(A), analysis showing elevated IncRNA RP5 levels in GSCs as
compared to U87 and U251 cells. LncRNA RPS5 is efficiently knocked down in U87 and U251 cells using a lentivirus silencing
strategy. The height of the columns in the chart represents the mean expression values (B, C). LncRNA RPS5 silencing reduces the
proliferation of glioma and GSCs cells. Cell viability of negative control (NC) and shRNA-RP5 cells were examined using the

CCK-8 assay (D-G). (**p<0.01, ***p<0.001).
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LncRNA-RPS5 knockdown induces apoptosis

To determine whether the depletion of IncRNA-RP5
affects apoptosis, we examined cell apoptosis through
flow cytometry (FCM). The proportion of apoptotic
cells was determined by staining of cells using PI and
annexin V-FITC. Cell apoptosis was significantly
induced in sh-RP5 (U87 and U251) compared to
negative control cells (Fig. 2A-D). The mechanism of
enhanced apoptosis was assessed by examining the
protein expression of the endoplasmic reticulum
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through western blotting. As shown in Fig. 3,
compared with the negative control group, glioma and
GSCs  knockdown cells displayed increased
expression levels of ER apoptotic protein CHOP and
cleaved caspase-4 (Fig. 3A-E). Furthermore,
Immunostaining results also demonstrated the
increased expression levels of CHOP in sh-RP5
treated cells compared to negative control cells (Fig.
3F, G). This data implied that the knockdown of
IncRNA-RP5 could promote apoptosis in glioma
cells.
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Fig. 2: LncRNA-RPS5 depletion induces apoptosis in glioma cells. Cell apoptosis of U87 and U251 cells was determined by flow
cytometry in sh-RP5 lentivirus stable cells and negative control (A, C). Quantitative results of apoptosis are shown in (B, D).

(**p<0.01 and ***p<0.001).

Knockdown cells showed a lower ability of migration
and EMT in glioma and GSCs

Moreover, we performed transwell assay in sh-RP5
(U87 and U251) glioma cells and the negative control
group and found that sh-RP5 glioma cells have
migratory ability than the negative control (Fig. S3).
Additionally, previous experiments have shown that
IncRNA-RP5 knockdown reduces stemness properties
and properties related to the EMT. To determine
whether LncRNA-RP5 is involved in the EMT of
GSCs, we determined the expression levels of E-

cadherin, N-cadherin, and Vimentin in the negative
control, and lentivirus-mediated stable sh-RP5 glioma
and GSCs by western blotting. The results showed
lower expression levels of E-cadherin, N-cadherin,
and Vimentin after the knockdown of IncRNA-RP5 in
US87 and U251 cells, suggesting that IncRNA-RP5
might be related to EMT in glioma (Fig. 4A-D).
Furthermore, the EMT marker’s expression level,
such as E-cadherin increased while N-cadherin and
Vimentin were lower in the sh-RP5 stable GSCs than
the negative control GSCs (Fig. 4E-H). These results
specify that IncRNA-RP5 knockdown can reduce the
EMT of glioma and glioma-like stem cells.
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Fig. 3: Protein expressions of ER stress apoptosis markers. The expression levels of CHOP and cleaved caspase-4 were
examined in glioma and GSCS cells after the knockdown of IncRNA-RP5 through lentivirus (A). Error bars represent the mean +
SD(B-E). (*p<0.05 and **p<0.01). The CHOP expression level was also analyzed by immunostaining. Confocal images of U87
and U251 showed the enhanced expression of CHOP in IncRNA-RPS5 knockdown cells compared to the negative control (F, G).
Confocal images were captured with Fluoview, (FV3000) confocal microscope at 20X.

LncRNA-RPS5 knockdown inhibits EMT through
Wnt/f-catenin signaling in GSCs

We examined the relationship between IncRNA-RP5
and the phosphorylation of B-catenin. Firstly, we
analyzed the B-catenin pathway protein in glioma cell
lines, and no significant change was observed in the

negative control group and sh-RP5 cells (Fig. SA-D).
Next, we checked in U87SCs and U251SCs. The
expression level of phosphor-f-
cateninSer33/37/Thr41 (p-B-catenin) was increased,
and non-phospho (active)p-catenin Ser33/37/Thr41
expression was reduced in the stable sh-RP5 GSCs
compared to the negative control group. In contrast,
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Fig. 4: EMT markers in glioma and GSC cell lines. The expression levels of E-cadherin, N-Cadherin and Vimentin were
examined in U87, U251, U87SCs, and U251SCs after knockdown of IncRNA-RPS5 through lentivirus as compared to NC (A, B, E,
F). Error bars represent the mean + SD of three independent experiments (C, D, G, H). (¥*p<0.05, **p<0.01).

the total P-catenin expression level remained
unchanged (Fig. SE-H). Based on the previous results,
we assumed that LncRNA-RP5 knockdown could
reduce EMT by activating the Wnt/p-catenin pathway.
To assess this assumption, sh-RP5 (U87 and U251)
glioma-like stem cells treated with the Wnt-C59
(Wnt/B-catenin inhibitor) and found that the Wnt/B-
catenin pathway and EMT marker proteins were
inhibited in sh-RP5 GSCs in a dose depended manner
(Fig. 6A-D). Overall, we demonstrated that IncRNA-
RP5 knockdown could reduce EMT and decrease
migration ability by activating the Wnt/p-catenin
pathway in GSCs.

Knockdown of IncRNA-RP5 suppressed tumor
growth in vivo

To examine the functional role of IncRNA-RP5 in the
carcinogenesis of glioma[29, 36, 37], we investigated
the role of IncRNA-RPS5 on tumor growth in vivo. We
performed a tumor xenograft experiment and found
that IncRNA-RP5 knockdown significantly inhibits
the growth of tumors in vivo. An equal number of
stable knockdown of IncRNA-RP5 stable and
negative control glioma stable cells was
subcutaneously injected in BALB/c nude mice and
after the growth of tumors, mice were sacrificed, and
solid tumors were isolated and weighed. As presented
in Fig. 7 the size and weights of tumors were clearly
suppressed in sh-RP5 group in comparison to the
negative control group (Fig. 7A-D). These outcomes

suggest that IncRNA-RP5 depletion reduced tumor-
initiating and growth capacity.

Discussion

Glioma is one of the most lethal neoplasms, and
currently, the conventional therapeutic options for
glioma fail to affect glioma patients significantly [38].
Most glioma patients have shown poor prognosis and
recurrence, which are thought to be related to the
GSCs[24, 39, 40]. It is required to find the GSCs and
discover the GSCs related treatment targets to recover
glioma patients. Our findings indicated that IncRNA-
RPS5 could serve as a useful advanced marker of GSCs
with strong stemness characteristics. CCK-8 analysis,
and oncosphere formation displayed stronger
malignant potency of IncRNA-RP5 in glioma and
GSCs. Several cancer gliomas stem cell markers have
been reported, such as CD44 and EpCAM [41, 42].
Western blotting analysis showed that IncRNA-RP5
depletion in GSCs presented a significantly reduced
expression level of these markers, demonstrating that
IncRNA-RP5 may be involved in stem cell
characteristics of GSCs. Furthermore, we revealed
that IncRNA-RP5 also regulated the known CSCs
genes such as Sox2 and Nanog. Previous studies
showed that chemotherapy could disrupt the
homeostasis of ER, which may induce tumor
progression, therapeutic resistance, and metastasis[5,
37, 43]. Protein expression analysis through western
blotting and immunostaining showed that CHOP and
cleaved caspase-4 increased in glioma
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and GSCs after the knockdown of IncRNA-RPS5. This
data suggested that suppressing IncRNA-RPS5
expression may induce apoptosis through ER stress
pathway.

In recent years, increasing evidence suggested that the
role of GSCs in glioma recurrence is a possible
attribute to its phenotype of EMT [21, 44, 45]. Thus,
it is important to explore the effector molecules and
signaling pathways to regulate the EMT in GSCs.
Furthermore, recent studies showed that ER stress is
also a responsible factor inducing EMT[46-48]. These
results suggested that IncRNA-RP5 may regulate
apoptosis via the ER stress pathway in glioma. In this
work, for the very first time, we have revealed that
IncRNA-RP5 is related to and significantly affects
migration in glioma and GSCs. Additionally, the EMT
markers (E-cadherin, N-cadherin, and vimentin) were
regulated by IncRNA-RP5, demonstrating that
IncRNA-RPS is an important effector molecule that
drives EMT of glioma as well as GSCs. Further, we

explored the mechanism of EMT in GSCs; our
findings demonstrated that IncRNA-RP5 could
activate the Wnt/B-catenin pathway by inhibiting the
B-catenin phosphorylation. Moreover, the effect of the
Wnt-C59 inhibitor was also analyzed, which inhibited
Wnt/B-catenin pathway in GSCs. Based on the earlier
results,s, we can conclude that IncRNA-RP5 can
encourage EMT through the Wnt/B-catenin pathway.
In vivo experiments also showed that the knockdown
of IncRNA-RPS5 significantly inhibited the growth of
the tumor as well as prolonged the survival time of
xenograft mice. Our research presented that IncRNA-
RPS5 is involved in cell proliferation, migration, stem
cell properties, and tumorgenicity of glioma.

In conclusion, this study unveils that IncRNA-RP5
knockdown induces ER mediated apoptosis in glioma
and GSCs. Moreover, IncRNA-RP5 is a functional
GSCs marker, drives EMT by activating the Wnt/(-
catenin pathway in GSCs, and may be involved in
recurrence and poor prognosis of glioma. Therefore,
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we believe that further research related to IncRNA-
RP5 will explore novel therapeutic approaches to
glioma.

Author contributions

MY and S.S designed and performed the
experiments. M.Y and S.S analyzed the data. M.Y and
K.A.S wrote the manuscript. M.Y and S.S contributed
ideas and discussed results. K.A.S supervised the
whole project. All authors read and approved the
manuscript.

Ethics Approval and Consent

All animal experiments were performed under the
guidelines of the National Institute of Health, 2006,
China and the Animal Care Research Advisory
Committee of Southeast University, Nanjing, Jiangsu,
China.

Acknowledgments

This work was supported by Grant from the
Innovative Research Team of Taizhou polytechnic
college, Taizhou, Jiangsu, China (No. TZYTD-16-4)
and the Doctoral Research Foundation of Taizhou
Polytechnic College, Taizhou, Jiangsu, China (No.
1322819004).

Conflict of interest
The authors declare no conflict of interest.

References

[1] Lara-Velazquez M, Al-Kharboosh R, Jeanneret S,
Vazquez-Ramos C, Mahato D, Tavanaiepour D, et al.
Advances in Brain Tumor Surgery for Glioblastoma in
Adults. Brain Sciences. 2017;7.

[2] Wen PY, Kesari S. Malignant gliomas in adults. The New
England Journal of Medicine. 2008;359:492-507.

[3] DiStefano JK. The Emerging Role of Long Noncoding
RNAs in Human Disease. Methods in molecular biology
(Clifton, NJ). 2018;1706:91-110.

[4] Jiang N, Meng X, Mi H, Chi Y, Li S, Jin Z, et al. Circulating
IncRNA XLOC 009167 serves as a diagnostic
biomarker to predict lung cancer. Clinica chimica acta;
international journal of clinical chemistry. 2018;486:26-
33.

[5] Wang F, Luo Y, Zhang L, Muhammad Younis, Yuan L.
The LncRNA RP11-301G19.1/miR-582-5p/HMGB2
axis modulates the proliferation and apoptosis of

Biomedical Letters 2023; 9(2):64-74

multiple myeloma cancer cells via the PI3K/AKT
signaling pathway. 2021.

[6] Wang P, Ren Z, Sun P. Overexpression of the long non-
coding RNA MEG3 impairs in vitro glioma cell
proliferation. Journal of cellular biochemistry.
2012;113:1868-74.

[7] Wang J-y, Lu A-q, Chen L-j. LncRNAs in ovarian cancer.
Clinica Chimica Acta. 2019;490:17-27.

[8] Wang F, Luo Y, Zhang L, Younis Muhammad, Yuan L.
Down-regulation of LncRNA 2900052N01Rik inhibits
LPS-induced B cell function in vitro. Cellular
immunology. 2021;363:104321.

[91Li Z, Li C, Liu C, Yu S, Zhang Y. Expression of the long
non-coding RNAs MEG3, HOTAIR, and MALAT-1 in
non-functioning  pituitary adenomas and their
relationship to tumor behavior. Pituitary. 2015;18:42-7.

[10] Wang P, Liu Y-h, Yao Y-, Li Z, Li Z-q, Ma ], et al. Long
non-coding RNA CASC2 suppresses malignancy in
human gliomas by miR-21. Cellular Signalling.
2015;27:275-82.

[11] Wang M, Kaufman RJ. The impact of the endoplasmic
reticulum protein-folding environment on cancer
development. Nature Reviews Cancer. 2014;14:581-97.

[12] Shaikh S, Younis M, Rehman Fu, Jiang H, Wang X.
Specific Oxide Nanoclusters Enhance Intracellular
Reactive Oxygen Species for Cancer-Targeted Therapy.
Langmuir. 2020.

[13] Szegezdi E, Logue SE, Gorman AM, Samali A. Mediators
of endoplasmic reticulum stress-induced apoptosis.
EMBO reports. 2006;7:880-5.

[14] Tabas I, Ron D. Integrating the mechanisms of apoptosis
induced by endoplasmic reticulum stress. Nature Cell
Biology. 2011;13:184-90.

[15] Zinszner H, Kuroda M, Wang X, Batchvarova N,
Lightfoot RT, Remotti H, et al. CHOP is implicated in
programmed cell death in response to impaired function
of the endoplasmic reticulum. Genes & development.
1998;12:982-95.

[16] Urano F, Wang X, Bertolotti A, Zhang Y, Chung P,
Harding HP, et al. Coupling of stress in the ER to
activation of JNK protein kinases by transmembrane
protein kinase IREl. Science (New York, NY).
2000;287:664-6.

[17] Chen D, Li D, Xu XB, Qiu S, Luo S, Qiu E, et al. Galangin
inhibits  epithelial-mesenchymal  transition  and
angiogenesis by downregulating CD44 in glioma.
Journal of Cancer. 2019;10:4499-508.

[18] ShiJ, Zhang Y, Qin B, Wang Y, Zhu X. Long non-coding
RNA LINCO00174 promotes glycolysis and tumor
progression by regulating miR-152-3p/SLC2A1 axis in
glioma. Journal of experimental & clinical cancer
research : CR. 2019;38:395.

[19] Xie Q, Mittal S, Berens ME. Targeting adaptive
glioblastoma: an overview of proliferation and invasion.
Neuro-oncology. 2014;16:1575-84.

[20] Mao P, Joshi K, Li J, Kim SH, Li P, Santana-Santos L, et
al. Mesenchymal glioma stem cells are maintained by
activated glycolytic metabolism involving aldehyde
dehydrogenase 1A3. Proceedings of the National
Academy of Sciences of the United States of America.
2013;110:8644-9.

73



[21] Nakano I. Stem cell signature in glioblastoma: therapeutic
development for a moving target. Journal of
neurosurgery. 2015;122:324-30.

[22] Shaikh S, Channa NA, Talpur FN, Younis Muhammad,
Tabassum N. Radiotherapy improves serum fatty acids
and lipid profile in breast cancer. Lipids in health and
disease. 2017;16:92.

[23] Liebelt BD, Shingu T, Zhou X, Ren J, Shin SA, Hu J.
Glioma Stem Cells: Signaling, Microenvironment, and
Therapy. Stem cells international. 2016;2016:7849890.

[24] Codrici E, Enciu AM, Popescu ID, Mihai S, Tanase C.
Glioma Stem Cells and Their Microenvironments:
Providers of Challenging Therapeutic Targets. Stem
cells international. 2016;2016:5728438.

[25] Shaikh S, Rehman FU, Du T, Jiang H, Yin L, Wang X.
Real-Time Multimodal Bioimaging of Cancer Cells and
Exosomes through Biosynthesized Iridium and Iron
Nanoclusters. 2018;10:26056-63.

[26] Shahzad KA, Wan X, Zhang L, Pei W, Zhang A, Younis
M, et al. On-target and direct modulation of alloreactive
T cells by a nanoparticle carrying MHC alloantigen,
regulatory molecules and CD47 in a murine model of
alloskin transplantation. 2018;25:703-15.

[27] Younis Muhammad, Faming W, Hongyan Z, Mengmeng
T, Hang S, Liudi Y. Iguratimod encapsulated PLGA-NPs
improves therapeutic outcome in glioma, glioma stem-
like cells and temozolomide resistant glioma cells.
Nanomedicine : nanotechnology, biology, and medicine.
2019;22:102101.

[28] Muhammad Younis, Sana Shaikh, Muhammad Iqgbal,
Khawar Ali Shahzad. Hematological and Plasma
Minerals Examination of Iron Load in Thalassemia
Patients. Biomedical Letters. 2018;4:34-7.

[29] Muhammad Younis, Raza Abbas AH, Sana Shaikh
Mehmood, Imtiaz-ul-Hassan, Muhammad Igbal, Neelma
Shoukat, Arsalan Nizamani, Fawad ur Rehman, Khawar
Ali Shahzad Anti-breast cancer therapy may affect blood
and liver cells. Biomedical Letters. 2015;1:1-4.

[30] Shaikh S, Younis Muhammad, Yuan L. Functionalized
DNA nanostructures for bioimaging. Coordination
Chemistry Reviews. 2022;469:214648.

[31] Yang Y, Wu Y, Meng X, Wang Z, Younis M, Liu Y, et
al. SARS-CoV-2 membrane protein causes the
mitochondrial apoptosis and pulmonary edema via
targeting BOK. 2022:1-14.

[32] Muhammad Younis, Muhammad Igbal, Neelma
Shoukatc, Raza Abbasd, Feroza Hamid Wattooe,
Khawar Ali Shahzad. Chemotherapy and radiotherapy, a
cause of hypertension and weight loss in cancer patients.
In: Southeast University, Nanjing, China, editor.2014. p.
53-5.

[33] Zhou Y, Jin G, Mi R, Dong C, Zhang J, Liu F. The
methylation status of the platelet-derived growth factor-
B gene promoter and its regulation of cellular
proliferation following folate treatment in human glioma
cells. Brain research. 2014;1556:57-66.

[34] 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
research. 2013;41:e74.

[35] Wang F, Younis Muhammad, Luo Y, Zhang L, Yuan L.
Iguratimod-encapsulating  PLGA-NPs induce human

Biomedical Letters 2023; 9(2):64-74

multiple myeloma cell death via reactive oxygen species
and Caspase-dependent signalling. International
immunopharmacology. 2021;95:107532.

[36] Tanziela T, Shaikh S, Jiang H, Lu Z, Wang X. Efficient
encapsulation of biocompatible nanoparticles in
exosomes for cancer theranostics. Nano Today.
2020;35:100964.

[37] Muhammad Igbal, Younis Muhammad, Neelma Shoukat,
Sana Shaikh, Nida Akram, Raza Abbas, Khawar Ali
Shahzad, Kanwal Mazhar, Fawad ur Rehman.
Hematological study of cancer patients with radio-
chemotherapy. Sceince Letters. 2015;3:75-9.

[38] Long Y, Tao H, Karachi A, Grippin AJ, Jin L, Chang Y,
et al. Dysregulation of Glutamate Transport Enhances
Treg Function That Promotes VEGF Blockade
Resistance in  Glioblastoma. Cancer research.
2020;80:499.

[39] Neman J, Jandial R. Decreasing glioma recurrence
through adjuvant cancer stem cell inhibition. Biologics :
targets & therapy. 2010;4:157-62.

[40] Huang Q, Zhang QB, Dong J, Wu YY, Shen YT, Zhao
YD, et al. Glioma stem cells are more aggressive in
recurrent tumors with malignant progression than in the
primary tumor, and both can be maintained long-term in
vitro. BMC cancer. 2008;8:304.

[41] Song Y, Jang J, Shin TH, Bae SM, Kim JS, Kim KM, et
al. Sulfasalazine attenuates evading anticancer response
of CDI133-positive hepatocellular carcinoma cells.
Journal of experimental & clinical cancer research : CR.
2017;36:38.

[42] Tayyaba, Rehman FU, Shaikh S, Tanziela, Semcheddine
F, Du T, et al. In situ self-assembled Ag-Fe304
nanoclusters in exosomes for cancer diagnosis. Journal
of materials chemistry B. 2020;8:2845-55.

[43] Mufoz-Guardiola P, Casas J. The anti-cancer drug
ABTLO0812 induces ER stress-mediated cytotoxic
autophagy by increasing dihydroceramide levels in
cancer cells. 2020:1-18.

[44] Abell AN, Johnson GL. Implications of Mesenchymal
Cells in Cancer Stem Cell Populations: Relevance to
EMT. Current pathobiology reports. 2014;2:21-6.

[45] Rehman FU, Du T, Shaikh S, Jiang X, Chen Y, Li X, et
al. Nano in nano: Biosynthesized gold and iron
nanoclusters cargo neoplastic exosomes for cancer status
biomarking. Nanomedicine : nanotechnology, biology,
and medicine. 2018;14:2619-31.

[46] Liu D, Zhu H, Gong L, Pu S, Wu Y, Zhang W, et al.
Histone Deacetylases Promote ER Stress Induced
Epithelial Mesenchymal Transition in Human Lung
Epithelial Cells. Cell Physiol Biochem. 2018;46:1821-
34.

[47] Xu H, Zheng J-F, Hou C-Z, Li Y, Liu P-S. Up-regulation
of long intergenic noncoding RNA 01296 in ovarian
cancer impacts invasion, apoptosis and cell cycle
distribution via regulating EMT. Cellular Signalling.
2019;62:109341.

[48] Qambrani A, Rehman FU, Tanziela T, Shaikh S,
Semcheddine F, Du T, et al. Biocompatible exosomes
nanodrug cargo for cancer cell bioimaging and drug
delivery. Biomedical materials. 2021;16:025026.

74



