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MRNA interactive network elucidates underlying
pathogenesis for osteosarcoma and validation by
qRT-PCR
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Abstract

Purpose: Osteosarcoma is characterized by features of rapid growth and early metastasis with a poor prognosis. The ai%
our research is to investigate the potential transcription factor (TF)-miRNA-mRNA regulatory mechanism in osteosarcoma utilizing
bioinformatics methods and validate by gRT-PCR.

Methods: The microRNA (miRNA) expression profiling datasets (GSE28423 and GSE65071) and mRNA expression profiling
dataset GSE33382 were collected from the Gene Expression Omnibus (GEO) database. Differentially expressed miRNAs (DEMs)
and differentially expressed genes (DEGs) were screened using the limma package. Then, the TransmiR v2.0, miRDB, and
Targetscan 7.2 database were applied for the acquisition of TF-miRNA and miRNA-mRNA interaction relationships, respectively.
Finally, we built a TF-miRNA-mRNA interactive network. Furthermore, survival analysis was performed to identify sub-network with
prognostic value and validate through gRT-PCR.

Results: Eight overlapping DEMs and 682 DEGs were identified. Based on bioinformatics methods, 30 TF-miRNA interaction
pairs and 25 miRNA-mRNA interaction pairs were screened. Finally, we constructed a TF-miRNA-mRNA regulatory network.
Furthermore, laminin subunit gamma 1 (LAMC1) and thrombospondin-1 (THBS1), which involved in the network, were determined
to have prognostic value and the corresponding subnetwork was identified. gRT-PCR results showed that LAMC1 mRNA
expression was higher in osteosarcoma cells.

Conclusion: Based on the survival analysis, a TF-miRNA-mRNA sub-network, that is TFs (SPI1, HEY1, and CEBPB)-hsa-miR-
338-3p-target genes (LAMC1 and THBS1) was established. In conclusion, the construction of a potential TF-related regulatory
network will help elucidate the underlying pathological mechanisms of osteosarcoma, and may provide novel insights for the
diagnosis and treatment of osteosarcoma.

Abbreviations: DEGs = differentially expressed genes, DEMs = differentially expressed miRNAs, LAMC1 = laminin subunit

gamma 1, miRNA = microRNA, TF = transcription factor, THBS1 = thrombospondin-1,UTR = untranslated region.
Keywords: microRNA, network, osteosarcoma, transcription factor

1. Introduction

Osteosarcoma is a typical representative of common malignant
bone tumors, which mainly occur in the mesenchymal tissue of
the metaphysis of long bones among children and adolescents.
Rapid growth and early metastasis are typical clinical char-
acteristics of osteosarcoma, approximately 11.4% of patients
have proven metastasis at the time of diagnosis.''! In the past
20 years, although comprehensive therapy, including extensive
surgical resection combined with chemotherapy, has markedly
improved overall survival rates, the S-year survival rate for
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non-metastatic tumors remain at 60% to 75%,?! whereas the
metastatic osteosarcoma is only 29%." Hence, it is necessary to
investigate the precise mechanism and discover new therapeutic
targets for osteosarcoma.

In recent years, transcription factors (TFs) and microRNAs
(miRNAs) have been identified as important biomarkers for the
diagnosis, targeted therapy and prognosis of osteosarcoma. TFs
are a class of proteins that bind to specific DNA sequences and
act as cancer suppressor genes or oncogenes.’! TFs have been
reported to perform important functions in modulating gene
expression, which may contribute to oncogenic transformation.
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miRNAs are a group of short non-coding RNAs that can bind
to the 3’ untranslated region (UTR) of targeted mRNAs,"*! and
further modulate post-transcriptional translation by inhibiting
or degrading the target genes.!®! Previous researches have shown
that TFs can interact with miRNAs to regulate gene expres-
sion.”! For instance, Salem et al® confirmed that miR-590-3p
targets the transcription factor FOXA2 3’UTR region to reduce
its expression, inhibit the negative regulation of the binding
target gene VCAN, and increase cell proliferation, migration,
and invasion ability. Additionally, Chandra Mangalhara et al”!
revealed the significant function of the extracellular signal-reg-
ulated kinase-2 (ERK2)-zinc finger E-box-binding homeobox
1 (ZEB1)-miR-101-1axis in regulating epithelial-mesenchymal
transition (EMT) and cell migration in breast cancer. Mei et
al®! described the key role of the TFs/mir-23b/E26 transforma-
tion specific-1 (ETS1)/transcription factor 4 (TCF4) pathway in
immune regulation of gastric adenocarcinoma. However, there
are few detailed reports on the interactive regulatory network of
TFs and miRNAs in osteosarcoma.

In this study, a range of bioinformatics tools were utilized to
identify the potential interactive relationships among TFs, miR-
NAs, and mRNAs. First, we analyzed differentially expressed
miRNAs (DEMs) and differentially expressed genes (DEGs)
from public databases. Subsequently, TransmiR v2.0, miRDB,
and Targetscan 7.2 database were applied to screen out the
upstream TF and downstream target genes of DEMs, respec-
tively. Based on the above predicted outcomes, the TF-miRNA-
mRNA interactive network was finally established, which aimed
to explore the underlying pathogenesis and provide new insights
for the diagnosis and treatment of osteosarcoma.

2. Materials and Methods

2.1. Acquisition of datasets

The miRNA expression profiling datasets (GSE28423 and
GSE65071) and mRNA expression profiling dataset GSE33382
from the Gene Expression Omnibus (GEO) database (http://
www.ncbi.nlm.nih.gov/gds/) were collected in our study. Basic
information on the expression profiling datasets from public
database were listed in Table 1. Additionally, since the GEO
datasets lack clinical data, 85 cases of osteosarcoma in the
TARGET dataset with matrix expression and clinical data
obtained from the UCSC Xena database (https://xena.ucsc.edu/)
were used for subsequent survival analysis.

2.2.The Acquisition of DEMs and DEGs

The expression matrix of miRNA datasets (GSE28423 and
GSE65071) and mRNA dataset GSE33382 were normalized by
R package “limma”. Differentially expressed miRNAs (DEMs)
were obtained from GSE28423 and GSE65071 datasets, respec-
tively. Next, the DEMs in these 2 datasets were uploaded to an
online Venn diagram platform (http://bioinformatics.psb.ugent.
be/webtools/Venn/) to acquire the shared DEMs. Differentially
expressed mRNAs (DEGs) were obtained from GSE33382. In

Basic information on expression profiling datasets from public
database.

RNA Dataset Platform Sample size (normal/tumor)
miRNA GSE28423 GPL8227 4/19
miRNA GSE65071 GPL19631 15/20
mRNA GSE33382 GPL10295 3/84
mRNA TARGET — 0/85

miRNA= microRNA.
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our study, llog fold-change (FC)I>1 and adjusted P < .05 were
selecting as screening criteria to filter DEMs and DEGs.

2.3. Upstream transcription factors prediction for DEMs

TransmiR v2.0 database (http://www.cuilab.cn/transmir) stores
the regulatory relationships between TFs and miRNAs, through
which we could check the TF-miRNA regulation. In our study,
the shared DEMs obtained in the previous step were uploaded
to predict upstream TFs and acquire TF-miRNA interactions.
Subsequently, the predicted TFs were intersected with DEGs to
gain shared TFs and their interactions with miRNAs.

2.4. Downstream targeted genes prediction for DEMs

TargetScan 7.2 (http://www.targetscan.org/vert_71/) and
miRDB (http://www.mirdb.org/) are the most commonly used
online databases to analyze the regulations and functional anno-
tations between miRNAs and target genes. In our study, shared
DEMs were uploaded to predict downstream target genes and
determine possible miRNA-mRNA regulation. Only those genes
verified in both TargetScan 7.2 and miRDB databases were
regarded as genuine candidate target genes. The target mRNAs
were then overlapped with DEGs to obtain shared mRNAs and
their interactions with miRNAs.

2.5. Functional enrichment analysis

Gene Ontology (GO) functional analysis and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment analysis
are most commonly used to identify the biological functions of
shared mRNAs. Functional enrichment analysis was performed
utilizing R package “clusterProfiler”. In our study, P < .05 was
selecting as the screening criterion. The top five terms in the
functional enrichment analysis were displayed.

2.6. Protein-protein interaction (PPI) network

The STRING online tool was utilized to establish a PPI network
of shared mRNAs (http:/string-db.org). The confidence score
>0.15 was set for PPI pairs in our study. Finally, Cytoscape_
v3.8.0 was used to visualize the PPI network. The node number
of each mRNA was calculated to screen for hub genes in the net-
work. Those mRNAs with more than three nodes were selected
as the hub genes.

2.7. Construction of a TF-miRNA-mRNA interactive
network

According to the TF-miRNA and miRNA-mRNA interactions
obtained in the previous steps, a TF-miRNA-mRNA interactive
network was established and uploaded to Cytoscape_v3.8.0 for
visualization.

2.8. Survival analysis to identify sub-network

Based on the TARGET dataset, survival analysis, including Cox
regression, and Kaplan—-Meier method, was utilized to screen out
shared mRNAs with prognostic value and identify corresponding
sub-network. P < .05 were selected as the screening criteria.

2.9. qRT-PCR

According to the manufacturer’s instructions, TRIzol Reagent
(Takara, Japan) was utilized to extract total RNA. The PrimeScrip
RT Master Mix (Takara, Japan) was utilized to the transcribe
complementary DNA (cDNA). qRT-PCR was performed using
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the Power SYBR Green PCR Master Mix (Thermo Fisher scien- 3. Results
tific, USA). The primer sequences for laminin subunit gamma 1 L

(LAMC1) mRNA were as follows: 5-TGTGACCCTGGATTC-  3-1- The acquisition of DEMs and DEGs

TACAATC-3’(F) and 5- GACCATCATCTTTGCACTGAAG-  Based on the miRNA dataset, 223 DEMs (109 upregulated
3’(R). GAPDH: 5- GGAGCGAGATCCCTCCAAAAT -3’(F)  genes and 114 downregulated genes) in GSE28423 and 166
and §5"- GGCTGTTGTCATACTTCTCATGG -3’(R). DEMs (78 upregulated genes and 88 downregulated genes) in
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Figure 1. The volcano plot and heatmap of DEMs and DEGs. Figure A and B show the volcano plot and heatmap of DEMs in GSE28423, respectively. Figure
C and D show the volcano plot and heatmap of DEMs in GSE65071, respectively. Figure E and F show the volcano plot and heatmap of DEGs in GSE33382,
respectively. DEGs = differentially expressed genes, DEMs = differentially expressed miRNAs.
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GSE65071 were acquired. In the mRNA dataset GSE33382,
682 DEGs were screened. Among them, 300 mRNAs were sig-
nificantly upregulated, whereas the other 382 mRNAs were
downregulated. The volcano plot and heatmap of the DEMs
and DEGs were shown in Figure 1.

After the intersection of the online Venn diagram platform,
a total of 8 shared DEMs containing 5 upregulated genes (hsa-
miR-301b, hsa-miR-181d, hsa-miR-219-5p, hsa-miR-346,
hsa-miR-502-5p) and 3 downregulated genes (hsa-miR-370,
hsa-miR-338-3p, hsa-miR-146b-5p) overlapped with these 2
miRNA chips, as shown in Figure 2.

3.2. Identification of transcription factors-miRNA
Interactions

In the TransmiR v2.0 database, hsa-mir-219-5p had no corre-
sponding upstream TF. Thus, the remaining 7 miRNAs were used
in subsequent research. We identified 205 TFs for the remaining
7 miRNAs and 466 pairs of TF-miRNA interactions. After the
intersection of 205 predicted TFs and 682 DEGs, 11 shared TFs
and 30 pairs of TF-miRNA interactions were eventually obtained.

3.3. Identification of miRNA-mRNA interactions

The remaining seven miRNAs obtained in the previous step
were uploaded to TargetScan 7.2 and miRDB databases, respec-
tively. The predicted target genes from these 2 databases were
then overlapped with DEGs obtained from the GSE33382 data-
set. Ultimately, 23 shared mRNAs and 25 miRNA-mRNA inter-
action pairs were identified.

3.4. Functional enrichment analysis

To analyze the biological function of the 23 shared mRNA in
the nosogenesis of osteosarcoma, GO, and KEGG enrichment
analyses were implemented. For GO enrichment analysis, the
negative regulation of cell migration was mainly concentrated
in biological process (BP). The transcription regulator complex
and collagen-containing extracellular matrix were primarily
concentrated in cellular component (CC), while protein het-
erodimerization activity was mainly concentrated in molecular
function (MF). KEGG pathway analysis indicated that the pri-
mary enrichment of these genes was concentrated in transcrip-
tional misregulation in cancer (Fig. 3).

3.5. PPI network

According to the selecting criterion, those mRNA with more
than three nodes were selectied as hub genes. In our research,
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8 genes (MEF2C, thrombospondin-1 (THBS1), NTSE,
GADD45A, BCL6, LAMCI, SIX4, and SLIT3) were regarded
as hub genes, indicating that their roles are of great importance
in the entire network (Fig. 4).

3.6. Construction of a TF-miRNA-mRNA network

Based on the above interactive relationship among TFs, miR-
NAs, and mRNAs, a TF-miRNA-mRNA interactive network
was finally built and visualized using Cytoscape_v3.8.0. The
interactive network was illustrated in Figure 5.

3.7. Survival analysis to identify sub-network

Survival analysis, including Cox regression and Kaplan—
Meier method, was applied to screen out shared mRNAs
with prognostic value in the TARGET dataset. Eventually,
two mRNAs, LAMC1, and THBS1, were considered to have
significant prognostic value (Fig. 6A—C). Interestingly, these
2 genes were also considered as hub genes based on the PPI
network. According to the survival analysis results, we found
that high expression of LAMC1 and THBS1 was strongly
related to worse prognosis in osteosarcoma. Based on sur-
vival analysis of shared mRNAs with prognostic value, the
TF-miRNA-mRNA sub-network, that is TFs (SPI1, HEY1,
and CEBPB)- hsa-miR-338-3p -target genes (LAMC1 and
THBS1), was established.

3.8. of LAMCT1 in osteosarcoma cells

Since THBS1 has been reported in osteosarcoma,l'”l so we
focused on LAMC1. We detected the expression of LAMC1
mRNA in OB, 143 B, HOS, SAOS, MG63, and U2 using qRT-
PCR assay. When compared with OB cells, LAMC1 expression
was increased in U2, HOS, and MG63 cells, especially in U2
cells (P < .001), but was decreased in 143 B and SAOS cells
(Fig. 6D).

4. Discussion

Osteosarcoma, a highly prevalent malignant bone tumor, has typ-
ical clinical characteristics of rapid growth and early metastasis.
Adverse clinical features are attributable to poor prognosis, and
the exact etiology and pathogenesis are still unclear. Hence, thor-
ough researches on the exact pathological mechanisms for osteo-
sarcoma progression will be helpful in improving prognosis and
preventing tumor recurrence. Gene chip technology has already
been extensively applied in the research of various tumor types
at present, which can screen key genes and therapeutic targets,

GSEB5071

Figure 2. The venn diagram of 2 miRNA datasets. Figure A shows the intersection of upregulated genes. Figure B shows the intersection of downregulated
genes. MIRNA= microRNA.
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Figure 3. Function enrichment analysis of shared mRNAs. Figure A shows the top 5 terms in BR, CC, and MF for GO enrichment analysis. Figure B shows the
enrichment pathway of KEGG analysis. BP = biological process, CC = cellular component, MF = molecular function, GO = Gene Ontology.

and provide new insights for further clarifying the carcinogenic
mechanisms and optimizing therapeutic strategies.

Based on the gene expression profile data of osteosar-
coma in the GEO database, 8 DEMs were overlapped from
these 2 miRNA chips, which containing 5 upregulated and 3
downregulated genes. In recent years, many researches have
documented that TFs can interact with miRNAs to regulate
gene expression. Subsequently, a range of bioinformatics
tools were used to predict the upstream TF and downstream
target genes of DEMs. Generally, not all DEMs have their
corresponding TFs. After a series of bioinformatics analyses,
11 TFs, 7 miRNAs, and 23 shared mRNAs, as well as their
interactions, were considered to be closely associated with

the nosogenesis and tumor progression of osteosarcoma.
Eventually, a TF-miRNA-mRNA interactive network was
built to investigate the underlying pathogenesis. Further sur-
vival analysis showed that TFs (SPI1, HEY1, and CEBPB) -
hsa-miR-338-3p — target genes (LAMC1 and THBS1) might
play a critical part in osteosarcoma. Once the regulatory net-
work was established, the potential roles of key genes were
further investigated through functional enrichment analysis.
Interestingly, KEGG pathway analysis indicated that the pri-
mary enrichment of these genes was concentrated in transcrip-
tional misregulation in cancer, which further demonstrated
that these genes were related to transcription factor disorder
leading to oncogenesis.
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SLIT3

LAMC1

E IGF2BP2

Figure 4. PPI network and identification of hub genes. Figure A shows the PPI network of shared mRNAs in STRING. Figure B shows the identification of 8
hub genes. PPI = protein—protein interaction.

Figure 5. The TF-miRNA-mRNA interactive network. The purple diamond indicates TFs, the yellow V indicates miRNAs, and the red oval indicates mRNAs.
miRNA= microRNA, TF = transcription factor.

miRNAs can recognize and bind to the 3’ UTR region of tar-
geted mRNAs through complementary base pairing and regulate
their expression. Increasing evidence has shown that miRNAs

are essential for the regulation of target genes related to the
malignant biological behavior of cancer cells."'! In our study,
2 overlapping target genes (LAMC1 and THBS1) regulated
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Figure 6. Survival analysis and gRT-PCR. Figure A-C show the Cox regression and Kaplan-Meier survival curve of shared mRNAs. Figure D shows the expres-

sion of LAMC1 in osteosarcoma cells. LAMC1 = laminin subunit gamma 1.

by miR-338-3p were finally screened using survival analysis.
Previous researches have shown that miR-338-3p was involved
in the occurrence and progression of a variety of tumors, and
acted as a tumor suppressive factor.'>!81 Xue et all'” reported
that miR-338-3p expression was obviously downregulated in
colorectal cancer, and its overexpression significantly reduced
cell invasion and migration in vitro. Additionally, miR-338-3p
knockdown inhibits cell invasion by targeting smoothing genes
in vitro, and could be a new underlying therapeutic target for
hepatocellular carcinoma.?” A recent study concluded that
miR-338-3p was apparently downregulated in osteosarcoma,
and inhibited cell proliferation, migration, and invasion, as well
as epithelial-mesenchymal transition (EMT) in vitro, though
targeted activator of 90kDa heat shock protein ATPase homo-
log 1 (AHSAT).2!

LAMCI1 and THBS1, 2 overlapping target genes regulated by
miR-338-3p, have been documented in many studies. They are
aberrantly expressed in a wide variety of tumors and strongly
associated with the malignant biological behavior of tumors.

LAMCT1 encodes the laminin y1 chain, which is essential for
the basement membrane assembly. Previous reports have doc-
umented that laminin is crucial for tumor progression, inva-
sion and metastasis.”?! Numerous studies have indicated that
LAMCT expression is obviously increased in a variety of tumor
types, such as gastric carcinoma,? head and neck squamous
cell carcinoma,? endometrial carcinoma,! glioma,*! hepato-
cellular carcinoma,?”! and so on. Moreover, high expression of
LAMCT is closely related to poor prognosis, and could act as an
underlying therapeutic target and prognostic indicator. Related
researches have also been performed to reveal the pathological
functions of LAMC1 in tumor progression. A study on esopha-
geal squamous cell carcinoma reported by Fang et al?$! demon-
strated that the upregulation of LAMCI1 not only increased cell
proliferation and migration ability in vitro, but also indirectly
induces carcinogenesis by stimulating C-X-C motif Chemokine
Ligand 1 (CXCL1) secretion to promote the formation of inflam-
matory cancer-associated fibroblasts (iCAF). Another study on
gastric cancer reported by Han et al** suggested that LAMC1
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knockdown constrained cell proliferation, migration, invation,
and Warburg effect in vitro by deactivating the protein kinase
B (AKT) and mitogen-activated protein kinase (MEK)/extra-
cellular regulated protein kinase (ERK) pathway. Moreover,
a study on hepatocellular carcinoma found that LAMC1 was
strongly associated with tumor progression, possibly by regu-
lating tumor-specific pyruvate kinase M2 (PKM2) expression
via the phosphatase and tensin homologue deleted on chromo-
some 10 (PTEN)/AKT pathway.””! To date, LAMC1 expres-
sion levels in osteosarcoma and its impact on clinical prognosis
remain unclear. In our study, we indicated that LAMCI is highly
expressed in osteosarcoma cells, and high expression of LAMC1
predicts poor prognosis.

THBS1 is the first member of thrombospondin (THBS) pro-
tein family to be discovered. It is a complex macromolecular
glycoprotein with a series of different domains and functional
domains. Each specific functional domain binds to differ-
ent types of cytokines and exerts different biological effects.
Previously, THBS1 was identified as a primary endogenous
angiostatic factors that block tumor progression.?% 3! Whereas,
recent studies have revealed its critical role in carcinogenesis.
Borsotti et all®?l reported that THBS1 expression in primary
melanoma and metastatic tumor was higher than that in nor-
mal and dysplastic nevus. Liu et al®¥ confirmed that compared
with non-cancerous tissues, THBS1 expression in colorectal car-
cinoma was obviously increased, which was closely related to
liver metastasis and unfavorable prognosis of colorectal cancer,
and further shown that THBS1 knockdown remarkably reduced
cell migration and invasion ability in vitro. Daubon et all®* ver-
ified that compared with low-grade gliomas, the expression of
THBS1 in high-grade gliomas is higher, and THBS1 silencing
can inhibit tumor cell proliferation and invasion alone or in
combination with anti-angiogenic therapy. Recent research on
osteosarcoma revealed that the expression of THBS1 in lung
metastatic tumors is higher when compared with primary
tumors in clinical tissues, and further functional studies have
found that THBS1 promotes cell migration, invasion, and lung
metastasis through a FAK-dependent pathway.!*"!

To conclude, we built an underlying TF-miRNA-mRNA
interactive network to elucidate the underlying pathological
mechanisms and provide novel insights for the diagnosis and
treatment of osteosarcoma. However, there are still some lim-
itations to our research. First, we only verified the expression
level of LAMCI1 in osteosarcoma cells, validation of expression
level in the tumor tissue and further functional studies at the
cellular level are still lacking. Moreover, another limitation is
the lack of experimental validation of key regulatory network.
Therefore, further experimental studies are needed to adress
these limitations.

Author contributions

Conceptualization: Fuxing Tang, Maolin He.
Data curation: Fuxing Tang, Xiaohong Jiang.
Investigation: Shijie Liao.

Methodology: Fuxing Tang, Yun Liu, Maolin He.
Supervision: Yun Liu, Maolin He.

Validation: Xiaohong Jiang.

Visualization: Fuxing Tang.

Writing — original draft: Fuxing Tang.

Writing — review & editing: Yun Liu, Maolin He.

References

[1] Kager L, Zoubek A, Potschger U, et al. Primary metastatic osteosar-
coma: presentation and outcome of patients treated on neoadjuvant
Cooperative Osteosarcoma Study Group protocols. J Clin Oncol.
2003;21:2011-8.

Medicine

[2] Jafari E Javdansirat S, Sanaie S, et al. Osteosarcoma: a comprehensive
review of management and treatment strategies. Ann Diagn Pathol.
2020;49:151654.

[3] Hughes TR. Introduction to “a handbook of transcription factors”.
Subcell Biochem. 2011;52:1-6.

[4] Redell MS, Tweardy DJ. Targeting transcription factors in cancer:
challenges and evolving strategies. Drug Discov Today Technol.
2006;3:261-7.

[5] Doench JG, Sharp PA. Specificity of microRNA target selection in
translational repression. Genes Dev. 2004;18:504-11.

[6] Ebert MS, Sharp PA. Roles for microRNAs in conferring robustness to
biological processes. Cell. 2012;149:515-24.

[7] Chandra Mangalhara K, Manvati S, Saini SK, et al. ERK2-ZEB1-
miR-101-1 axis contributes to epithelial-mesenchymal transition and
cell migration in cancer. Cancer Lett. 2017;391:59-73.

[8] Salem M, O’Brien JA, Bernaudo S, et al. miR-590-3p promotes ovarian
cancer growth and metastasis via a Novel FOXA2-Versican pathway.
Cancer Res. 2018;78:4175-90.

[9] Mei D, Qi Y, Xia Y, et al. Microarray profile analysis identifies ETS1
as potential biomarker regulated by miR-23b and modulates TCF4 in
gastric cancer. World J Surg Oncol. 2021;19:311.

[10] Hu C, Wen ], Gong L, et al. Thrombospondin-1 promotes cell migra-
tion, invasion and lung metastasis of osteosarcoma through FAK
dependent pathway. Oncotarget. 2017;8:75881-92.

[11] Kapranov P, St Laurent G, Raz T, et al. The majority of total nuclear-en-
coded non-ribosomal RNA in a human cell is “dark matter” un-anno-
tated RNA. BMC Biol. 2010;8:149.

[12] LiY, Chen P, Zu L, et al. MicroRNA-338-3p suppresses metastasis of
lung cancer cells by targeting the EMT regulator Sox4. Am J Cancer
Res. 2016;6:127-40.

[13] Zhang P, Shao G, Lin X, et al. MiR-338-3p inhibits the growth and
invasion of non-small cell lung cancer cells by targeting IRS2. Am ]
Cancer Res. 2017;7:53-63.

[14] Chen JT, Yao KH, Hua L, et al. MiR-338-3p inhibits the proliferation
and migration of gastric cancer cells by targeting ADAM17. Int J Clin
Exp Pathol. 2015;8:10922-8.

[15] Huang N, Wu Z, Lin L, et al. MiR-338-3p inhibits epithelial-mesenchy-
mal transition in gastric cancer cells by targeting ZEB2 and MACC1/
Met/Akt signaling. Oncotarget. 2015;6:15222-34.

[16] Chen X, Pan M, Han L, et al. miR-338-3p suppresses neuroblastoma
proliferation, invasion and migration through targeting PREX2a. FEBS
Lett. 2013;587:3729-37.

[17] Sun K, Deng H]J, Lei ST, et al. miRNA-338-3p suppresses cell growth
of human colorectal carcinoma by targeting smoothened. World ]
Gastroenterol. 2013;19:2197-207.

[18] Zhang Y, Shi B, Chen J, et al. MiR-338-3p targets pyruvate kinase M2
and affects cell proliferation and metabolism of ovarian cancer. Am |
Transl Res. 2016;8:3266-73.

[19] Xue Q, Sun K, Deng HJ, et al. MicroRNA-338-3p inhibits colorectal
carcinoma cell invasion and migration by targeting smoothened. Jpn ]
Clin Oncol. 2014;44:13-21.

[20] Huang XH, Chen JS, Wang Q, et al. miR-338-3p suppresses
invasion of liver cancer cell by targeting smoothened. J Pathol.
2011;225:463-72.

[21] Cao R, Shao J, Hu Y, et al. microRNA-338-3p inhibits proliferation,
migration, invasion, and EMT in osteosarcoma cells by targeting acti-
vator of 90kDa heat shock protein ATPase homolog 1. Cancer Cell Int.
2018;18:49.

[22] Patarroyo M, Tryggvason K, Virtanen I. Laminin isoforms in
tumor invasion, angiogenesis and metastasis. Semin Cancer Biol.
2002;12:197-207.

[23] Han ZR, Jiang XL, Fan WC. LAMC1 is related to the poor prognosis
of patients with gastric cancer and facilitates cancer cell malignancies.
Neoplasma. 2021;68:711-8.

[24] Jiang P, He S, Li Y, et al. Identification of therapeutic and prognostic
biomarkers of Lamin C (LAMC) family members in head and neck
squamous cell carcinoma. Med Sci Monit. 2020;26:€925735.

[25] Kunitomi H, Kobayashi Y, Wu RC, et al. LAMC1 is a prognostic fac-
tor and a potential therapeutic target in endometrial cancer. ] Gynecol
Oncol. 2020;31:e11.

[26] Liu J, Liu D, Yang Z, et al. High LAMC1 expression in glioma is asso-
ciated with poor prognosis. Onco Targets Ther. 2019;12:4253-60.

[27] Zhang Y, Xi S, Chen ], et al. Overexpression of LAMCI1 predicts poor
prognosis and enhances tumor cell invasion and migration in hepato-
cellular carcinoma. ] Cancer. 2017;8:2992-3000.

[28] Fang L, Che Y, Zhang C, et al. LAMC1 upregulation via TGFf(
induces inflammatory cancer-associated fibroblasts in esophageal



Tang et al. ® Medicine (2022) 101:41

squamous cell carcinoma via NF-kB-CXCL1-STAT3. Mol Oncol.
2021;15:3125-46.

[29] Ye G, Qin Y, Wang S, et al. Lamc1 promotes the Warburg effect in
hepatocellular carcinoma cells by regulating PKM2 expression through
AKT pathway. Cancer Biol Ther. 2019;20:711-9.

[30] Tsuchida R, Osawa T, Wang F, et al. BMP4/Thrombospondin-1 loop
paracrinically inhibits tumor angiogenesis and suppresses the growth
of solid tumors. Oncogene. 2014;33:3803-11.

[31] Adams J, CLawler J. The thrombospondins. Cold Spring Harb Perspect
Biol. 2011;3:a009712.

www.md-journal.com

[32] Borsotti P, Ghilardi C, Ostano P, et al. Thrombospondin-1 is part of

(33

[34

|

a Slug-independent motility and metastatic program in cutaneous
melanoma, in association with VEGFR-1 and FGF-2. Pigment Cell
Melanoma Res. 2015;28:73-81.

Liu X, Xu D, Liu Z, et al. THBS1 facilitates colorectal liver metasta-
sis through enhancing epithelial-mesenchymal transition. Clin Transl
Oncol. 2020;22:1730-40.

Daubon T, Léon C, Clarke K, et al. Deciphering the complex role
of thrombospondin-1 in glioblastoma development. Nat Commun.

2019;10:1146.



