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Abstract
Background: We identi�ed TEK as a key gene that that participates in lung adenocarcinoma cell
migration and adhesion, and miR-19a-3p a potential upstream regulator of TEK. Both TEK and miR-19a-
3p have been reported during lung cancer development. However, how TEK/miR-19a-3p interactome
regulates lung adenocarcinoma remains unraveled. We herein aim to report a novel TEK/miR-19a-3p
interactome in lung adenocarcinoma.

Methods: The mRNA and protein expression of TEK in tissues and cell lines were determined using qPCR
and Western blot, respectively. CCK-8 assay, EDU assay, �ow-cytometry cell apoptosis assay, scratch
assay, and cell-to-extracellular matrix adhesion assay were performed to detect the proliferation,
apoptosis, migration, and adhesion of A549 and H1975 cell lines.

Results Both mRNA and protein levels of TEK were down-regulated in tumor tissues and cell lines.
Compared with the control, the transfection of TEK overexpression plasmids into H1975 and A549 cells
led to the signi�cant inhibition of cancerous phenotypes. On the other hand, miR-19a-3p promoted lung
adenocarcinoma cancerous cell phenotypes by downregulating TEK.

Conclusions: TEK can be a potential LUAD tumor suppressor by interacting with miR-19a-3p. This novel
interactome can be used as a novel therapy target for LUAD.

Background
Lung adenocarcinoma (LUAD), a main type of non-small cell lung cancer, has been increasingly
determined to be correlated with several oncogenes or suppressors (Wang et al. 2017b). Approximately
1.5 million have died of lung adenocarcinoma worldwide (Daugaard et al. 2016, Siegel, Miller and Jemal
2015). The treatment of LUAD has achieved great progresses, however, the ability of metastasis is strong
especially in the LUAD advanced stage (stage III/IV), and most patients have a terrible 5-years survival
outcome (Blandin Knight et al. 2017). At present, the main treatment methods of LUAD include target
therapies, combination therapies, immunotherapy, and surgery resection therapy (Denisenko, Budkevich
and Zhivotovsky 2018). It is necessary to identify novel biomarkers correlated with progression of LUAD
to serve as prognostic factors and therapeutic targets for LUAD. Recently, increasing mRNAs were
reported as potential targets for LUAD and to comprehend LUAD genesis mechanism. For instance, SNAI1
and SNAI2 exerted aggressive properties of LUAD (Ge et al. 2019). SIRT6 functioned as an oncogene in
LUAD.

Enhanced expression of TEK in 14 lung adenocarcinoma samples and paired adjacent noncancerous
lung tissues was �rst detected in 1999 (Takahama et al. 1999). In the next year, it was found signi�cantly
down-regulated during in non-small cell lung carcinoma (Wong et al. 2000). Then, the signi�cant relation
between TEK and vascularization was further elaborated in non-small cell lung carcinoma (Hatanaka et
al. 2001, Shepherd 2001, Favre et al. 2003). The function of TEK has been extensively studied in
pulmonary hypertension (Sullivan et al. 2003, Zhao et al. 2003, Du et al. 2003, Kido et al. 2005, Dewachter
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et al. 2006). Interestingly, some claimed that TEK could not be used as a chemotherapy responsive
predictor (Naumnik, Chyczewska and Ossolinska 2009), whereas some claimed that TEK level might
re�ect the patients' response to chemotherapy (Mroz et al. 2013). It was not until 2018 when TEK was
�rstly identi�ed as a core gene participating in angiogenesis, cell growth, cytokine secretion, and
in�ammatory response in LUAD (Tian et al. 2018). Then, in 2019, a subset of circulating monocytic
myeloid-derived suppressor cells overexpressing ANGPT2 and TEK was identi�ed as a participant in
tumor immune evasion that could enlighten future immunotherapy approaches for non-small cell lung
carcinoma (Lauret Marie Joseph et al. 2019). However, lung adenocarcinoma-genesis mechanism
involving TEK has not been studied.

MicroRNA (miRNA) is a short sequence with 22 nucleotides, and often plays a main role in gene
transcription to participate in many cellular functions including cell apoptosis, cell proliferation as well as
cell cycle progression (Hammond 2015, Di Leva, Garofalo and Croce 2014, Li et al. 2018, Wang et al.
2017a). MiRNAs could interact with many key genes to promote or suppress the occurrence of cancer. For
instance, miR-125b-1 inhibited the expression of TACSTD2 to suppress the progression of head and neck
cancer (Nakanishi et al. 2014). MiR-146a targeted IRS2 to inhibit the cell growth in the esophageal
squamous cell carcinomas (Liu et al. 2016). Contrarily, miR-31-5p was reported as an oncogene that
enhanced the cell proliferation of oral cancer (Lu et al. 2019). Since 2013, nearly 40 articles have reported
the different roles that miR-19a-3p plays in various types of tumors, such as a suppressor in breast
cancer (Yang et al. 2014), and an oncogene in gastric cancer (Li et al. 2019) etc. Low level of miR-19a-3p
in non-small cell lung cancer was also reported (Fan et al. 2018). For the �rst time, we explored the
involvement of the interaction between miR-19a-3p and its downstream effector TEK in regulating the
cancerous phenotypes of lung adenocarcinoma cells.

In the study, we aimed to investigate the effects of TEK and the interacting miRNA, miR-19a-3p, in LUAD.
Our study revealed a novel interactome of miR-19a-3p and TEK that modi�ed the malignancy phenotypes
of LUAD cell.

Methods

Tissue samples
Lung adenocarcinoma tissues and normal lung tissues in our research were collected from 20 patients in
the Edong Healthcare Group, Huangshi Central Hospital (A�liated Hospital of Hubei Polytechnic
University). The hospital Ethics Committee approved our study. The baseline characteristics of these
patients were shown in Table 1.
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Table 1
The relationship between TEK expression and

clinicopathologic features from patients with lung cancer (n 
= 20).

  Number TEK low P value

Age (years)     0.892

≥ 45 8 9  

45 12 11  

Tumor size (cm)     0.042

≥ 3 7 6  

3 13 14  

TNM stage     0.691

I-II 11 7  

III-IV 9 13  

Lymph node metastasis      

No 13 5 0.039

Yes 6 15  

Cell Culture And Transfection
The normal lung cell line BEAS-2B and lung adenocarcinoma cell lines A549, Calu-3, and H1975 were
obtained from Chinese Academy of Sciences cell bank (Shanghai, China). DMEM (Gibco BRL, Grand
Island, NY, USA) supplemented with 10% FBS (Gibco, Carlsbad, CA) was applied for cell culture, and the
cell culture atmosphere was 37 °C and 5% CO2. The TEK overexpression (OE) plasmids,miR-19a-3p mimic
and miR-19a-3p inhibitor were obtained from GeneChem (Shanghai, China). The Lipofectamine 3000
reagent (Invitrogen, Carlsbad, CA, USA) was employed for transfection.

Quantitative Real-time Pcr
Total RNA extracted by TRIzol (Invitrogen, CA, USA) was applied for reverse transcription and cDNA
ampli�cation using SYBR Green PCR kit on an ABI 7300 system (Applied Biosystems, USA). The 2−△△Ct

method was employed to calculate the relative expression. The primer sequences for TEK, miR-19a-3p
and the corresponding internal reference genes were provided in Table 2.
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Table 2
The sequences of the primers in this study

Primer/Antibody Sequences/Antibody information

miR-19a-3p  

Forward sequence 5'-GTCCTCTGTTAGTTTTGCATAGTTG-3'

Reverse sequence 5'-GGCCACCATCAGTTTTGCATAG-3'

TEK  

Forward sequence 5'-CCTTGGCTCTGCTGGAATGA-3'

Reverse sequence 5'-CACGTTTTGGAAGGCTTGGG-3'

GAPDH  

Forward sequence 5'-GTCAAGGCTGAGAACGGGAA-3'

Reverse sequence 5'-AAATGAGCCCCAGCCTTCTC-3'

U6  

Forward sequence 5'-TGCGGGTGCTCGCTTCGGCAGC-3'

Reverse sequence 5'-CCAGTGCAGGGTCCGAGGT-3'

TEK Cat#: ab24859, Abcam, USA

GAPDH Cat#: ab9485, Abcam, USA

Western Blot Assay
A549 and H1975 cells were harvested to extract proteins by lysis buffer (Thermo Scienti�c, Rockford, IL,
USA). After measuring the concentration, proteins were �rstly separated by electrophoresis, then
transferred to PVDF membrane, and incubated with primary and secondary anti-bodies. Eventually, the
protein band was detected and analyzed by BCA kit (Pierce, USA) and Image J Software (Bio-Rad
Laboratories, San Diego, CA, USA). The anti-bodies were shown in Table 2.

3’utr Reporter Assay
The reporter plasmids contained PsiCHECK2-TEK-Mut1 (3'UTR 827–833), PsiCHECK2-TEK-Mut2 (3'UTR
892–898) and psiCHECK2-TEK-Wt, which were constructed with the psiCHECK2 plasmids (Promega,
Madison, WI, USA). A549 and H1975 cells that were transfected with miR-19a-3p mimic or miR-NC were
plated in 96-well plates for 48 h of incubation. Then luciferase activities were quanti�ed using a
luminometer.
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Cell Proliferation And Cell Apoptosis Assay
CCK-8 and EDU �uorescence proliferation assay were used to determine cell proliferation. The CCK-8 kit
(Sigma Aldrich Company Ltd, Poole, Dorset, UK) was �rstly applied to determine the cell proliferation of
A549 and H1975 cells according to the protocol. After incubation for 0, 24, 48, and 72 hours, each well
was added with CCK-8 reagents to keep incubating for one hour. The optical absorbance of live A549 and
H1975 cells at 450 nm was demonstrated by an automatic microplate reader (Bio-Rad, Hercules, CA,
USA). For EDU �uorescence proliferation assay, 2 × 104 cells/well were �rstly plated in 48-well plates. 100
µL of EDU solution (10 µM, Abcam, USA, #ab219801) was incubated with cells for 4 h at 37 °C. After
washing with PBS three times, the cells were �xed with 4% paraformaldehyde in PBS for 15 min and
permeabilized by the addition of 200 µl permeabilization buffer for 20 min. Thereafter, 100 µL of iFluor
488 staining solution was added to each well and incubated for 30 min in the dark at room temperature.
After the solution was removed, 100 µL of DAPI (5 µg/mL) nuclear staining solution was added to each
well and incubated for 10 min. Finally, the cells were visualized under a �uorescence microscope. The
ratio of EDU-positive cells (green) to all DAPI-positive cells (blue) represents the proliferation ratio. The
cell apoptosis rate of A549 and H1975 cells was measured by �ow cytometry (BD Biosciences, San Jose,
CA, USA). The cells in the well were stained with Annexin V/propidium iodide (PI) reagents (KeyGen
Biotech). The sum of upper-right quadrant (Annexin V+/PI+) and lower-right quadrant (Annexin V+/PI−)
represented the cell apoptosis rate.

Cell Migration And Adhesion Assays
For wound healing assay to detect cell migration, scratches on cell culture surfaces were made using
plastic pipette tips. The cells were cultured without FBS for 48 hours, and the migrated lengths
symbolized the cell migration ability. Cell adhesion mechanism is complex. It is involved in a variety of
aggressive processes including cell migration and invasion and potential cell-cell communication. To
determine the cell adhesion to extracellular matrix, a colorimetric method was employed. Brie�y, 96-well
plates were coated with collagen type I (50 lg/ml; Sigma Chemical Co., Steinheim, Germany) at 4 °C
overnight. A549 and H1975 cells were allowed to adhere at 37 °C. Cell culture was washed with DMEM
for three times. At 30 min and 60 min, unbound A549 and H1975 cells were washed away, and adherent
cells were �xed with 4% paraformaldehyde, and stained with crystal violet (0.5%) for 10 minutes. After
stain extraction, the relative cell attachment was determined using absorbance readings at 620 nm.

Statistical Analysis
The GraphPad PRISM Version 8.0.1 statistical program (San Diego, CA, USA) was employed for our data
(expressed as mean ± standard deviation) analysis, and diagram construction. Statistical signi�cance
was determined by one-way ANOVA followed by Dunnett's post hoc tests for multiple-group data, and
Student’s t test for two independent-group data. Probability smaller than 0.05 was regarded statistically
signi�cant. Each experiment was performed at least three times independently.
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Results
Microarray analysis of potentially core participants of LUAD

GSE118370 (Normal: n=6; Tumor: n=6) and GSE89039 (Normal: n=8; Tumor: n=8) went through GEO2R
analyses. A Venn diagram was drawn to identify the 540 overlapping differentially expressed genes
(DEGs) of GSE118370 and GSE89039 (Fig. 1A). These 540 DEGs then underwent functional enrichments
using STRING (Fig. 1B) and Metascape (Fig. 1C) algorithms. STRING algorithm showed that these DEGs
were signi�cantly related to regulation of migration (Fig. 1B), whereas Metascape algorithm showed that
the DEGs were signi�cantly related to regulation of adhesion (Fig. 1C). The built-in MCODE algorithm of
Metascape identi�ed the core genes (Fig. 1D). Cell migration and adhesion phenotypes were signi�cant
cancerous cell phenotypes, thus were chosen for further key genes identi�cation. 31 genes were identi�ed
to participate in both cell migration and adhesion of lung adenocarcinoma (Fig. 1E). WEBGESTALT
software was �nally used to enrich KEGG terms of the 31 DEGs. And they were shown to be signi�cantly
related to PI3K-Akt signaling pathway. To be speci�c, ANGPT1, LAMA2, LAMA3, LAMA4, ITGA6, PIK3R1
and TEK were enriched to be participants of PI3K-Akt signaling (Fig. 1F). Among them, ANGPT1, LAMA3,
ITGA6 and TEK were also identi�ed by the MCODE algorithm in the last step. Then ENCORI algorithm (Li
et al. 2014) was employed to analyse the relationship between the expression of the 7 genes and the
overall survival outcomes of LUAD patients. The results showed that LUAD patients with lower level of
IPK3R1 and TEK displayed signi�cantly poorer survival outcomes compared to patients with high
expression of PIK3R1 and TEK. And the other �ve DEGs did not relate to the survival of LUAD patients.
Interestingly, a high level of ITGA6 seemed to predict a signi�cantly better survival outcome (Fig. 2A-G).

The low expression of TEK in lung adenocarcinoma tissues and cell lines

GEPIA was used to preliminarily analyse the expression of ITGA6, PIK3R1 and TEK. ITGA6 was shown to
be signi�cantly upregulated in LUSC but not in LUAD, in which type of cancer it was not found
signi�cantly differentially expressed in tumor tissues and healthy tissues (Fig. 3A). PIK3R1 and TEK, on
the other hand, were both shown to be signi�cantly downregulated in both LUSC and LUAD. In particular,
TEK (Fig. 3B-C). Fig. 3D gives an overall insight into the expression levels of the three genes in LUAD and
LUSC. We further veri�ed the mRNA expression of TEK and PIK3R1 in LUAD tissues and healthy tissues
that we collected. Both TEK and PIK3R1 exhibited an approximately half level in tumor tissues of normal
tissues (Fig 3E-F). Similarly, the expression of TEK and PIK3R1 mRNA (Fig. 3G) and protein (Fig. 3I) in
LUAD cell lines was obviously lower than in normal lung cell line. Notably, compared to PIK3R1, TEK was
more signi�cantly downregulated in LUAD tissue samples and cell lines than in healthy tissues and cell
line. Thus, TEK was chosen for further experiments. Then, we found that A549 and H1975 cell lines
demonstrated the most signi�cantly down-regulation of TEK, thus were chosen as the cell lines for further
experiments.

TEK suppressed the progression of LUAD in vitro
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Before the cellular experiments, the transfection e�ciency of TEK overexpression plasmids was
con�rmed in both A549 and H1975 cell lines (Fig 4A-B). CCK-8 and EDU assay were performed to study
the suppressive effect of TEK on LUAD cell proliferation. Compared with the blank control group, TEK
overexpression signi�cantly suppressed A549 cell line proliferation at 48 h and 72 h (Fig 4C), and H1975
cell line at 72 h (Fig 4D). Then, EDU assay results con�rmed the CCK-8 results (Fig 4E-F). On the other
hand, the overexpression of TEK distinctly increased the cell apoptosis rate in A549 (Fig 4G) and H1975
(Fig 4H) cells. Scratch assay results showed that exogenous TEK overexpression led to signi�cant
impairment of migration of LUAD cells. The migration rate of A549 cells was reduced by over 50%, and
that of H1975 cells was reduced by more than 40% (Fig 5A-B). In addition, the results of cell adhesion
assay showed that TEK overexpression had no effect on the adhesion ability of LUAD cells at 30 min, but
at 60 min, the adhesion ability of LUAD cells was obviously weaker (approximately 1/3 weaker in A549
cells and 1/2 in H1975 cells) (Fig 5C-D).

MiR-19a-3p directly targeted TEK in LUAD

miRDB and TargetScan Human 7.2 algorithms were used to predict potential upstream miRNAs for TEK.
71 common candidates were identi�ed (Fig. 6A). dbDEMC database was used to do a meta pro�ling of
the 71 miRNAs in lung cancer. 12 candidates were found signi�cantly (Fig. 6B), whilst the others were
found signi�cantly downregulated upregulated in lung cancer (data not shown). miRDB predicted that
miR-19a-3p might target sequences 827-833 and 892-898 on the 3’UTR of TEK (Fig 6C). The 3’UTR
reporter assay results con�rmed that. The relative luciferase activity of the cells with wild-type 3’UTR
sequences (827-833 and 892-898), particularly 827-833 region, and miRNA mimic was signi�cantly lower
(Fig 6D). The high level of miR-19a-3p was determined in both LUAD tissues (Fig 6E) and LUAD cell lines
(Fig 6F). As expected, correlation analysis indicated an inverse correlation relationship between miR-19a-
3p and TEK mRNA expression (Fig 6G). In addition, the transfection e�ciency of miR-19a-3p inhibitor and
miR-19a-3p mimic in A549 and H1975 cells were analyzed by qRT-PCR. The e�ciency of inhibitor reached
approximately 75% (Fig 6H).

miR-19a-3p promoted LUAD cancerous phenotypes

Whether miR-19a-3p could regulate LUAD cell phenotypes was also answered by our experiments. In both
A549 and H1975 cell lines, miR-19a-3p mimic signi�cantly facilitated cell proliferation, while miR-19a-3p
inhibitor impaired it at 48 h and 72 h (Fig 7A). Another hall marker of malignancy, migration ability, was
enhanced by approximately 2/3 by miR-19a-3p upregulation and suppressed by miR-19a-3p inhibition (by
approximately 1/3) in A549 cells. Similarly, miR-19a-3p upregulation led to approximately 1/4 increase of
migration whereas the inhibitor led to approximately 1/3 decrease of migration (Fig.7B). The adhesion
ability of A549 and H1975 cells to extracellular matrix was obviously enhanced by miR-19a-3p
upregulation (by approximately 25% in A549 cells and H1975 cells) and impaired by miR-19a-3p
suppression at 60 min (by approximately 30% in A549 cells and 20% H1975 cells) (Fig. 7C).

MiR-19a-3p negatively regulated TEK in LUAD
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Finally, rescue experiments were carried out to illuminate whether TEK was the potential downstream
effector of miR-19a-3p in LUAD. TEK overexpression led to signi�cantly impaired cell proliferation, which
was reconstructed by miR-19a-3p mimic in A549 (at 48 h and 72 h) and H1975 cells (at 72 h) (Fig 8A).
TEK overexpression obviously suppressed the ability of cell migration, which was abrogated by miR-19a-
3p mimic in A549 and H1975 cells (Fig 8B). As expected, miR-19a-3p mimic signi�cantly restored the
inhibition on cell adhesion ability induced by TEK upregulation in A549 and H1975 cells (Fig 8C).

Discussion
We have used A549 and H1975, two lung adenocarcinoma cell lines, to investigated into the potential
therapy target, the miR-19a-3p/TEK axis. We found that TEK was signi�cantly downregulated in LUAD
tissues and cell lines, and hypothesized that TEK might be a LUAD suppressor. On the other hand, we
identi�ed a potential regulator of TEK, miR-19a-3p. How miR-19a-3p promoted LUAD phenotypes by
targeting TEK was studied in our work.

Previous studies indicated that TEK might be promising prognosis markers in cancers such as clear cell
renal carcinoma (Nakashima et al. 2019). TEK was reported to be associated with the complete response
to bevacizumab in breast cancer patients (Makhoul et al. 2017). TEK also could modulate the interaction
of glioma and brain tumor stem cells, and promote an invasive phenotype (Liu et al. 2010). Furthermore,
TEK is a novel prognostic marker for clear cell renal cell carcinoma (Pan et al. 2019). However, how TEK
affects the invasive cancerous phenotypes of LUAD remains largely unknown. We herein reported that
TEK was signi�cantly downregulated in LUAD tissues and cell lines compared with normal tissues and
cell lines. The low level of TEK not only predicted a poorer survival outcome of LUAD patients, but also
was related to tumor staging. The overexpression of TEK results in signi�cant impaired proliferation and
aggression abilities of LUAD cell lines, suggesting its possible LUAD suppressor role.

High serum miR-19a level could be an independent poor prognostic indicator for non-small cell lung
cancer because it is signi�cantly related to the malignancy characteristics of non-small cell lung cancer
patients (Lin et al. 2013). miR-19a-3p has also been found to ful�l its regulation effects by targeting its
downstream mRNAs in lung cancer. For instance, miR-19a-3p was reported to downregulate suppressor
of cytokine signaling 1 (SCS1) to promote non-small cell lung cancer cell canceration (Wang and Chen
2015). miR-19a-3p has also constantly been reported to be related to chemotherapy resistance and
epithelial mesenchymal transition (EMT). For instance, miR-19a-3p compelled ge�tinib resistance and
EMT of non-small cell lung cancer by targeting c-Met (Cao et al. 2017), sulforaphane resistance of lung
cancer stem cells by targeting GSK3β (Zhu et al. 2017), and grape seed procyanidin extract resistance
(Mao et al. 2016). Then, there were those researches reporting that miR-19a-3p promoted lung cancer by
targeting MTUS1, a tumor suppressor (Gu et al. 2017), and MXD1 (Hu et al. 2016), for instance. In other
human diseases, miR-19a-3p also showed impressive effects, e.g. miR-19a-3p inhibited autophagy-
mediated cardiac �brogenesis by targeting TGF-β R II (Zou et al. 2016), and regulated osteosarcoma cells
chemosensitivity by elevating the expression of PTEN, a tumor suppressor (Zhai et al. 2019). In addition,
miR-19a-3p was reported to promote hepatocellular carcinoma metastasis and chemoresistance through
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the PTEN/Akt signaling (Qi et al. 2018). miR-19a-3p participated in so many biology processes, pathways
and diseases (Wang, Li and Xue 2019, Bai et al. 2019, Chen et al. 2019). TEK was identi�ed to participate
in PI3K/Akt signaling in our bioinformatics analyses process; however, we did not study how TEK
regulated PI3K/Akt signaling at this stage of our research. Then, again, to provide a solid basis for further
studies on how miR-19a-3p regulates chemo-resistance, we thoroughly studied its effect on LUAD cell
phenotypes. We herein reported that miR-19a-3p promoted LUAD cancerous phenotypes by targeting a
novel downstream effector, TEK.

Certain limitations of the current research existed. On one hand, in vivo experiments should be conducted
to con�rm the in vitro results in the coming future. Then, epithelial-mesenchymal transition (EMT) is a
hall marker of lung cancer-genesis. miR-19a-3p has been reported to induce EMT in A549 cell line and
HCC827 cell line by targeting PTEN (Li et al. 2015). Whether miR-19a-3p could compel EMT by targeting
TEK remains to be answered. In addition, the reported relationship of miR-19a-3p with chemotherapy
resistance in lung cancer also calls for further study of how miR-19a-3p mediates drug resistance by
targeting TEK. Finally, a thorough study into the effects of TEK and miR-19a-3p on PI3K-Akt signaling is
warranted.

Conclusions
We for the �rst time reported a novel interactome, TEK/miR-19a-3p, in LUAD. This novel interactome
existed and regulated cell phenotype changes in A549 cell line and H1975 cell line, both of which are
LUAD cell lines. These results provided discreet evidences of the interaction between TEK and miR-19a-3p
in LUAD cell lines. We thus concluded that TEK could possibly suppress the cancerous phenotypes of
lung adenocarcinoma by interacting with miR-19a-3p.

Abbreviations
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microRNAs; PBS:phosphate bufered solution; EdU:5-ethynyl-2′-deoxyuridine; LUAD:lung adenocarcinoma;
qPCR:quantitative real-time PCR.
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Figure 1

Identi�cation of potential genes of interest that involve in lung adenocarcinoma. A. A Venn diagram
demonstrating the 540 overlapped differentially expressed genes in GSE118370 and GSE89039 datasets.
B. STRING analysis results of the overlapped 540 DEGs. C. Metascape results showing the enriched GO
terms of the 540 DEGs. D. MCODE results showing the core networks and core genes that participate in
the enriched functional processes. E. A Venn diagram showing the overlapped 31 genes that participate
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in both migration regulation pathway and the cell adhesion pathway. F. WEBGESTALT results showing the
enriched KEGG pathways of the 31 genes.

Figure 2

The overall survival analyses of the seven genes that participate in PI3K-Akt signaling. A-G represents the
overall survival outcomes of LUAD patients with high and low levels of ANGPT1, LAMA2, LAMA3, LAMA4,
ITGA6, PIK3R1 and TEK, respectively.
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Figure 3

TEK mRNA is down-regulated in lung adenocarcinoma. A-C. GEPIA results for expression of ITGA6, TEK
and PIK3R1 mRNA in LUAD (lung adenocarcinoma) and LUSC (lung squamous cell carcinoma). D. An
overview of ITGA6, TEK and PIK3R1 expression in LUAD and LUSC tissues and healthy tissues. T: tumor;
N: normal healthy tissues using GEPIA algorithm. E-F. TEK and PI3K1 mRNA expression in our collected
LUAD tissues and normal healthy tissues. *P<0.05, **P<0.01, compared with normal tissues using t test.
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G-H. TEK and PI3K1 mRNA expression in our selected cell lines. BEAS-2B cell line is immortalized normal
control cell line, and the other three cell lines are LUAD cell lines. *P<0.05, **P<0.01, compared with BEAS-
2B cell line using one-way ANOVA method. I. TEK protein expression in our selected cell lines. Only
cropped blots were provided here. Uncropped blots were provided in additional �les named Uncropped
Blot of TEK expression in Figure 3I and Uncropped Blot of GAPDH expression in Figure 3I. *P<0.05,
**P<0.01, compared with BEAS-2B cell line using one-way ANOVA method.

Figure 4
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TEK overexpression led to impaired A549 and H1975 cell proliferation and enhanced cell apoptosis. A-B.
qPCR and immunoblot analyses showed the successful transfection of TEK overexpression plasmids in
A549 and H1975 cell lines. TEK protein data are normalized to GAPDH protein levels. Only cropped blots
were provided here. Uncropped blots were provided in additional �les named Uncropped Blot of TEK
expression in Figure 4B and Uncropped Blot of GAPDH expression in Figure 4B. C-D. CCK8 results of TEK
overexpression in A549 and H1975 cell lines. E-F. EDU staining assay results of TEK overexpression in
A549 and H1975 cell lines. The ratio of EDU-positive cells (green) to all DAPI-positive cells (blue)
represents the proliferation ratio. The EDU-positive cells were also marked with red arrows in merged
images. G-H. Flowcytometric apoptosis results of TEK overexpression in A549 and H1975 cell lines. The
whole right quadrants were calculated into apoptosis. *P<0.05, **P<0.01, compared with blank control
group using one-way ANOVA method.

Figure 5



Page 20/24

TEK overexpression led to impaired A549 and H1975 cell migration and adhesion. A-B. Wound healing
results of TEK overexpression in A549 and H1975 cell lines. C-D. Cell-extracellular matrix adhesion results
of TEK overexpression in A549 and H1975 cell lines. *P<0.05, **P<0.01, compared with blank control
group using one-way ANOVA method.

Figure 6
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miR-19a-3p is overexpressed in lung adenocarcinoma. A. 71 common upstream miRNAs that target TEK
were identi�ed using miRDB and TargetScan Human 7.2 algorithms. B. Meta pro�ling of the 71 miRNAs’
expression levels in lung cancer. miR-19a/b-3p were shown to be the most signi�cantly upregulated
miRNAs. C. Schematic illustration of binding relationship between miR-19a-3p and the predicted two sites
on TEK mRNA 3’UTR. D. The 3’UTR reporter assay results showing the positive binding between miR-19a-
3p and TEK mRNA 3’UTR in HEK293T cell. E. miR-19a-3p expression in our collected LUAD and healthy
lung tissues. *P<0.05, **P<0.01, compared with normal tissues using t test. F. miR-19a-3p expression in
our selected cell lines. *P<0.05, **P<0.01, compared with BEAS-2B cell line using one-way ANOVA method.
G. The relationship between TEK mRNA level and miR-19a-3p level in LUAD tissues. H. The transfection
e�ciency of mimic and inhibitor was con�rmed by qPCR. *P<0.05, **P<0.01, compared with blank control
group using one-way ANOVA method.
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Figure 7

miR-19a-3p promoted cell proliferation, migration and adhesion. A-B. The growth of A549 cells (A) and
H1975 cells (B) during the following 72 h after transfecting miR-19a-3p mimic and inhibitor was
measured using CCK-8 assays. C. Wound healing assay of A549 and H1975 cell lines after transfected
with miR-19a-3p mimic and inhibitor for 48 h. The migration rate was calculated as (the distance at 0 h-
the distance at 48 h)/the distance at 0h. D. Cell adhesion assay revealed that cell adhesion ability
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increased in mimic group but decreased in inhibitor group 60 min after the cells were plated to the matrix.
*P<0.05, **P<0.01, compared with blank control group using one-way ANOVA method.

Figure 8

miR-19a-3p reversed the effect of TEK overexpression on cell proliferation, migration and adhesion. A-B.
CCK8 assay results: miR-19a-3p mimic transfection reversed the effects resulted from the transfection of
TEK overexpression plasmids on cell proliferation. C. Scratch assay results: miR-19a-3p mimic
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transfection reversed the effects resulted from the transfection of TEK overexpression plasmids on cell
migration. D-E. Cell adhesion assay results: miR-19a-3p mimic transfection reversed the effects resulted
from the transfection of TEK overexpression plasmids on cell adhesion.


