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Lung cancer has a higher incidence and mortality rate than other cancers, and over 80% of lung cancer cases were classified as
non-small-cell lung cancer (NSCLC). TRIM66 is one of the crucial members of TRIM, which has a deep connection with the
behavior of various malignant tumors. But it remains uncertain regarding its exact function and underlying mechanism in
NSCLC. In our study, qRT-PCR and Western blot were employed to validate that TRIM66 was overexpressed in NSCLC. The
migration, invasion, and epithelial-mesenchymal transformation (EMT) progression of NSCLC cells were determined by
Western blotting and Transwell experiments after knocking down TRIM66, and it was found that knockdown TRIM66
inhibited the migration, invasion, and EMT processes of NSCLC cells. Next, the binding relationship between TRIM66 and
MMP9 was verified by Co-IP assay. After determining the interaction between them, rescue assays showed that overexpression
of MMP9 was capable to promote the migration, invasion, and EMT of NSCLC cells. However, the transfection of si-TRIM66
could reverse this facilitating effectiveness. To sum up, we concluded that by targeting MMP9, TRIM66 could exert a cancer-
promoting role in the progression of NSCLC cells.

1. Introduction

The global cancer statistics indicated that the number of
lung cancer diagnoses was about 1.8 million each year,
which accounts for 13% of all newly diagnosed cancer cases
[1]. Non-small-cell lung cancer (NSCLC) and SCLC are two
subtypes of lung cancer [2]. NSCLC accounts for more than
80% of lung cancer cases [3]. And most patients present with
advanced NSCLC at diagnosis. Though recent years have
witnessed lots of improvement in early diagnosis and treat-
ment of lung cancer, most of the treatment for NSCLC is
surgery, chemotherapy, and radiation therapy [4]; the 5-
year survival rate of NSCLC patients does not exceed 20%
[3]. However, the genes associated with NSCLC and poten-
tial therapeutic targets are unclear. Hence, the current

research focuses on identifying effective prognostic markers
and possible therapeutic targets in NSCLC.

The tripartite motif-containing protein (TRIM) family
participates in innate immunity to viruses, cell cycle, apopto-
sis, and so on [5, 6]. As one of the members, TRIM66 takes a
part in the behavior of various cancers [7]. Existing studies
indicate that the abnormal expression of TRIM66 in NSCLC
can promote lymphatic and distant metastasis, which is a
negative factor affecting prognosis [8]. Epithelial-
mesenchymal transition (EMT) is an essential part of tumor-
igenesis as well as metastasis [8, 9]. The loss of E-cadherin
and the increase in migratory and invasive behaviors and
elevated levels of vimentin and N-cadherin are the features
of EMT [10]. He et al. [11] found that the knockdown of
TRIM66 can inhibit the EMT process. However, it remains
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unclear about the role of TRIM66 in NSCLC progression.
And the enzymes that regulate the role of TRIM66 in
NSCLC are not clear to us. Hence, research is needed.

Matrix metalloproteinase 9 (MMP9) is a type IV collage-
nase that plays a crucial part in promoting cell migration
and reepithelialization [12]. MMP9 is implicated with the
malignant progression of cancer, including but not limited
to invasion [13, 14], migration [15], metastasis [16], and
angiogenesis [17]. On the basis of above findings, the specu-
lation that MMP9 may be a potential biomarker and target
has been investigated. However, how MMP9 works in
NSCLC is rarely studied.

Our study focuses on TRIM66 by validating its expres-
sion level in NSCLC. Its targeted relationship in NSCLC
with MMP9 was validated through ChIP experiment. Then,
the migration, invasion, and epithelial-mesenchymal trans-
formation (EMT) progression of NSCLC cells were deter-
mined by Western blotting and Transwell experiments
after knocking down TRIM66. Our study can bring an
improved comprehension of molecular mechanisms of
NSCLC malignant progression and may provide potential
targets for NSCLC.

2. Materials and Methods

2.1. Cell Culture. Human pulmonary alveolar epithelial cells
(HPAEpiC) were procured from Shanghai Zhong Qiao Xin
Zhou Biotechnology Co., Ltd, and NSCLC cell lines H460,
H1299, and A549 were bought from Shanghai Cell Bank of
the Chinese Academy of Sciences (Shanghai, China). Condi-
tions for the cell culturing were as follows: alveolar epithelial
cell culture medium for HPAEpiC, RPMI-1640 culture
medium containing 10% high-quality fetal bovine serum
(FBS) for H460 and H1299 (GIBCO, Art. No. 31800022,
supplemented with 2.5 g/L glucose, 1.5 g/L NaHCO3, and
0.11 g/L sodium pyruvate, USA), and F12K medium con-
taining 10% high-quality FBS for A549 (Sigma, Art. No.
N3520, supplemented with 2.5 g/L NaHCO3, Germany).
The culture conditions were 37°C and 5% CO2.

2.2. Plasmid Construction and Cell Transfection. siRNA of
TRIM66 (si-TRIM66) and corresponding negative control
(si-NC), overexpressed plasmid of MMP9 (oe-MMP9), and
corresponding negative control (oe-NC) was designed by
Sangon Biotech (Shanghai, China). All transfections were
performed with Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA). Cells were collected 48h after transfection.

2.3. RNA Purification and qRT-PCR Analysis. RNA extrac-
tion was conducted complying strictly with the instructions
of TRIzol (Life Technologies Corporation of Carlsbad, Cali-
fornia, USA). Then, the RevertAid First Strand cDNA Syn-
thesis Kit (Thermo Fisher Scientific, USA) was employed
for the reverse transcription of RNA into cDNA. The SYBR
Green PCR kit (Takara Bio, Otsu, Japan) was utilized for
performing PCR amplification on a StepOne Real-Time
PCR System (Thermo Fisher Scientific, USA). And the rela-
tive gene expression normalized by β-actin was calculated

using the 2-ΔΔCt method. The sequences of the PCR primers
were as follows:

TRIM66 forward primer 5′-GCCCTCTGTGCTACTT
ACTCTC-3′, reverse primer 5′-GCTGGTTGTGGGGGTT
ACTCTC-3′

β-Actin forward primer 5′-CATGTACGTTGCTATC
CAGGC-3′, reverse primer 5′-CTCCTTAATGTCACGC
ACGAT-3′

2.4. Western Blot. After lysing cells by lysis buffer, a bicinch-
oninic acid protein assay kit (Thermo Fisher Scientific, USA)
was utilized for the measurement of protein concentration.
Then, after electrophoresis in sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE), proteins were
transferred onto polyvinylidene difluoride membranes
(Millipore, USA). Next, membranes were blocked with 5%
skimmed milk. 2 h later, membranes were incubated with
primary antibodies overnight at 4°C, which were then incu-
bated with secondary antibody at room temperature for 1 h
the next day. The membranes were finally developed follow-
ing the electrochemiluminescence (ECL) kit (Pierce Biotech-
nology, USA). Western blot images were acquired using a
ChemiDoc imaging system (Bio-Rad, USA). Antibody infor-
mation is detailed in Table 1, and the internal reference used
here was β-actin. Antibodies were all purchased from Invi-
trogen (Thermo Fisher Scientific, USA).

2.5. Transwell Assays. Transwell inserts (8μM pore size,
Costar, Cambridge, MA, USA) were employed for the
assessment of cell migration as well as invasion. 2 × 104 cells
were seeded in inserts without or precoated with Matrigel
(BD, Franklin Lakes, USA) in the basolateral membrane
using 200μl of FBS-free medium for migration or invasion
analysis, respectively. 600μl of medium with 10% FBS was
placed in the lower chamber. After incubation for 24 h at
37°C in 5% CO2, cells from the upper chamber that failed
to migrate as well as invade were swabbed. Then, methanol
was used for the cell fixing, 0.5% crystal violet for cell stain-
ing, and phosphate buffered saline (PBS) (Gibco; Thermo
Fisher Scientific, Inc., USA) for cell washing. They were then
photographed and counted under a microscope (Zeiss,
Germany).

2.6. Co-Immunoprecipitation (Co-IP) Assay. Cells were lysed
for 30min in Co-IP buffer supplemented with protease
inhibitor mixture (Sigma-Aldrich, USA). The centrifugation
of these lysates was conducted for 15min at 12,000 rpm. The
supernatant was then incubated with 20μl protein A/G
beads (Santa Cruz, USA) for 30min, followed by centrifuga-
tion at 1000g for 5min at 4°C. Next, the immunoprecipita-
tion of proteins lasted for more than 4h by using TRIM66
antibody or control IgG antibody at 4°C. Protein A/G was
added to capture antigen-antibody complexes. And through
centrifugation, those agarose bead-antibody antigen com-
plexes were collected and then washed three times using
PBS. Next, they were eluted in boiling protein sample buffer
under reducing conditions. In the end, proteins were sepa-
rated by SDS-PAGE and analyzed by Western blot.
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2.7. Statistical Analysis. SPSS 22.0 (IBM Corp., Armonk, NY,
USA) and GraphPad Prism 6.0 software (GraphPad Inc., San
Diego, CA, USA) were utilized for data analysis. All mea-
sured data were presented as mean ± SD. The comparison
between the two groups was testified by t-test, and p < 0:05
indicated a significant difference.

3. Results

3.1. TRIM66 Is Highly Expressed in NSCLC Cells. TRIM66
expression in HPAEpiC, H460, H1299, and A549 was ana-
lyzed by Q-PCR, the result of which revealed a higher level
of TRIM66 in NSCLC cells than that in human pulmonary
alveolar cells (Figure 1(a)). The result of Western blot assay
is consistent with the finding of Q-PCR (Figure 1(b)). These
all displayed that TRIM66 was abnormally increased in
NSCLC cells. In addition, we selected H1299 and A549
which enjoyed the highest expression for subsequent
experiments.

3.2. TRIM66 Downregulation Restrains Invasion, Migration,
and EMT Process of NSCLC Cells. Transfection of si-
TRIM66 plasmid into NCI-H1299 cells and A549 cells was
performed to assess the expression of TRIM66 and biologi-
cal behaviors of TRIM66 in NSCLC cells. Here, TRIM66
expression was knocked down at first. And the transfection
efficiency was examined using Q-PCR as well as Western

blot (Figures 2(a) and 2(b)). Next, we conducted a Transwell
assay for the detection of the effect that TRIM66 exerted on
cell migration and invasion. Silencing TRIM66 did exert
remarkable inhibiting effects on cell migration and invasion
(Figures 2(c) and 2(d)). Then, we examined EMT-related
proteins by Western blot, from the result of which we
observed that the expression of N-cadherin, vimentin, and
SNAIL was downregulated, and E-cadherin expression was
upregulated in both cell lines. It was further demonstrated
that the knockdown of siRNA-mediated TRIM66 restrained
the EMT process (Figure 2(e)). Therefore, we suggested that
knockdown of TRIM66 can restrain migration, invasion,
and EMT process of NSCLC cells.

3.3. The Bindings between TRIM66 and MMP2 or MMP9
Are Verified. MMP2 and MMP9 are considered to exert an
important role in tumor metastasis [18]. To dig deeper into
the regulatory mechanism that TRIM66 works in NSCLC
cells, we tried to figure out the interactions between
TRIM66, MMP2, and MMP9 by Western blot. Knockdown
of TRIM66 could downregulate both MMP2 and MMP9
expression when compared to the control group
(Figure 3(a)). Further, Co-IP was performed to investigate
whether there was a physical binding between TRIM66
and MMP2 or MMP9, and the results revealed that Co-IP
occurred only between TRIM66 and MMP9 (Figure 3(b)).
Next, MMP9 level in NSCLC and pulmonary alveolar

Table 1: Information on antibodies used in the experiment.

Type Name Art. no. Dilution rate

Primary antibodies (rabbit antibody)

TRIM66 polyclonal antibody PA5-69788 1.0 μg/mL

MMP2 polyclonal antibody PA5-85197 1 : 1000

MMP9 polyclonal antibody PA5-13199 1 : 2000

E-cadherin polyclonal antibody PA5-32178 1 : 1000

N-cadherin polyclonal antibody PA5-19486 1.0 μg/mL

Vimentin polyclonal antibody PA5-27231 1 : 2000

SNAIL polyclonal antibody PA5-11923 1 : 1000

β-Actin polyclonal antibody PA5-16914 1.0 μg/mL

Secondary antibody (goat anti-rabbit) Goat anti-rabbit IgG H&L A32731 0.1 μg/mL
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Figure 1: TRIM66 is highly expressed in NSCLC cells. (a, b) Relative expression of TRIM66 mRNA and protein in human pulmonary
alveolar epithelial and NSCLC cells; ∗p < 0:05.
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Figure 2: TRIM66 knockdown inhibits the migration and invasion of NSCLC cells and EMT procession. (a, b) Expression levels of TRIM66
mRNA and protein in NSCLC cells after transfection with si-TRIM66. (c, d) Influence of knockdown of TRIM66 on cell migration and
invasion. (e) Levels of EMT-related proteins; ∗p < 0:05.
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epithelial cells was also examined by Western blot, demon-
strating that MMP9 was upregulated in NSCLC cell lines
(Figure 3(c)). Based on the abovementioned findings, we
could conclude that there was a direct interaction between
TRIM66 and MMP9. And MMP9 displayed a high expres-
sion level in NSCLC cells.

3.4. TRIM66 Affects the Migration, Invasion, and EMT of
NSCLC Cells by Mediating MMP9. To further verify the reg-
ulatory relationship between TRIM66 and MMP9 in NSCLC
cells, we transfected si-NC+oe-NC, si-NC+oe-MMP9, and
si-TRIM66+oe-MMP9 into H1299 cells and A549 cells.
Firstly, transfection efficiency testified by Western blot, illus-
trating that MMP9 displayed a remarkably upregulated
expression in the si-NC+oe-MMP9 group relevant to the
control group, but after simultaneous silencing TRIM66,
the upregulation in MMP9 expression decreased
(Figure 4(a)). Secondly, Transwell assay results demon-
strated that enforced expression of MMP9 fostered migra-
tion and invasion of NCI-H1299 and A549 cells, while
transfection of si-TRIM66 could reverse the promoting
effect of oe-MMP9 (Figures 4(b) and 4(c)). Next, we found

that compared with controls, overexpression of MMP9 only
upregulated N-cadherin, vimentin, and SNAIL expression
and downregulated E-cadherin expression relevant to the
control group, which was conducive to EMT. However,
simultaneous silencing of TRIM66 expression could revert
these results compared with overexpression of MMP9 alone
(Figure 4(d)). Thus, influence of overexpressed MMP9 on
NSCLC cell migration, invasion, and EMT was reversed by
silencing TRIM66.

4. Discussion

In the past decade, a variety of oncogenes have been discov-
ered, such as KRAS [19] and KAI1/CD82 [20]. And the pre-
vious studies have shown that these oncogenes can be taken
as therapeutic targets to improve patient survival. The liter-
ature suggests that abnormal TRIM expression has a close
association with the occurrence and progression of NSCLC.
For example, highly expressed TRIM29 in NSCLC tissues
indicates poor prognosis for NSCLC patients [21]. TRIM59
has a high expression level in a variety of lung cancer cell
lines, while knockdown of which can affect the expression
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Figure 3: The bindings between TRIM66 and MMP2 or MMP9. (a) Protein levels of MMP2 and MMP9 in each transfection group. (b) Cells
were lysed and immunoprecipitated with antibodies, and immunocomplexes were analyzed by Western blot. (c) MMP9 level in proteins
extracted from NSCLC and pulmonary alveolar epithelial cells.
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Figure 4: Continued.
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of cyclins (including CDC25C and CDK1), thereby enhanc-
ing the proliferative and migratory abilities of lung cancer
cells [22]. TRIM44 displayed an upregulated expression in
lung cancer cells, substantially facilitating invasion and
migration of cancer cells [23]. However, the topic related
to both TRIM66 and NSCLC is scarcely touched upon by
researchers. In our study, q-PCR and Western blot pointed
out that TRIM66 displayed a high expression level in
NSCLC cells, which is consistent with the results of an exist-
ing study [24], which suggests that it may exert a promotive
function in NSCLC.

Next, we knocked down TRIM66 expression to study its
effect on the cellular phenotype of NSCLC and found that
knocking down TRIM66 attenuated migration, invasion,
and EMT process of cancer cells. Matrix metalloproteinases
MMP2 and MMP9 are implicated in tumor angiogenesis
and invasion [25], and these processes are regulated by some
genes. For example, TGF-β mediates the regulation of
MMP2 expression by exosome lnc-MMP2-2 to promote
lung cancer cell invasion and migration [26]. EZH2 inhibits
the transcription of TIMP2, which boosts activities of MMP-
2 and MMP-9, which in turn increases the invasive activity
of triple-negative breast cancer cells [27]. Therefore, influ-
ence of TRIM66 on migration and invasion of NSCLC cells
may be realized by regulation of MMP2 or MMP9. Thus,
we performed Co-IP to study the interaction between
TRIM66 and MMP2 or MMP9 and found that there was a
reciprocal relationship between TRIM66 and MMP9 only.
Next, we found that silencing TRIM66 was capable of revers-
ing promoting effect of MMP9 forced expression on migra-
tion, invasion, and EMT process of NSCLC cells by rescue
experiment. Combined with the literature and our experi-
mental results, TRIM66 promotes invasion, migration, and
EMT in NSCLC by modulating MMP9.

Overall, we identified that both TRIM66 and MMP9
were upregulated in NSCLC cells. Silencing TRIM66 inhibits
malignant progression of NSCLC cells, and this process is

achieved by regulating MMP9. The findings may provide
clues for elucidating the tumorigenesis of NSCLC and may
offer a theoretical basis for generating novel approaches for
NSCLC diagnosis and therapy.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflict of interest.

Authors’ Contributions

Wenyu Chen participated in the design and interpretation of
the data and drafted the manuscript. Yufen Xu and Qi Yang
conceived the study, participated in its design and interpre-
tation, and helped in drafting the manuscript. Zhixian Fang,
Xiaoli Tan, and Ming Zhang participated in its design and
interpretation and helped in revising the manuscript criti-
cally. Yufen Xu and Qi Yang contributed equally to this
work.

Acknowledgments

This work was supported by the Natural Science Foundation
of Zhejiang Province (No. LQ20H160057), the Key Disci-
pline of Jiaxing Respiratory Medicine Construction Project
(No. 2019-zc-04), the Scientific Technology Plan Program
for Healthcare in Zhejiang Province (No. 2021RC031), the
Science and Technology Project of Jiaxing (2019AY32030,
2020AY30012, 2021AY30024), and the Jiaxing Key Labora-
tory of Precision Treatment for Lung Cancer.

si-
N

C 
+

oe
-N

C

si-
N

C 
+

oe
-M

M
P9

si-
TR

IM
66

 +
oe

-M
M

P9

si-
N

C 
+

oe
-N

C

si-
N

C 
+

oe
-M

M
P9

si-
TR

IM
66

 +
oe

-M
M

P9

H1299 A549

E-cadherin

𝛽-actin

SNAIL

N-cadherin

Vimentin

(d)

Figure 4: TRIM66 affects progression of NSCLC cells by regulating MMP9. (a) Protein level of MMP9 in each group. (b, c) Migration and
invasion of cells in each group. (d) Expression levels of EMT-related proteins; ∗p < 0:05.

7Computational and Mathematical Methods in Medicine



References

[1] F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre,
and A. Jemal, “Global cancer statistics 2018: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in
185 countries,” CA: a Cancer Journal for Clinicians, vol. 68,
no. 6, pp. 394–424, 2018.

[2] R. L. Siegel, K. D. Miller, and A. Jemal, “Cancer statistics,
2019,” CA: a Cancer Journal for Clinicians, vol. 69, no. 1,
pp. 7–34, 2019.

[3] D. S. Ettinger, D. E. Wood, D. L. Aisner et al., “Non-small cell
lung cancer, version 5.2017, NCCN clinical practice guidelines
in oncology,” Journal of the National Comprehensive Cancer
Network, vol. 15, no. 4, pp. 504–535, 2017.

[4] M. Evison and U. K. L. AstraZeneca, “The current treatment
landscape in the UK for stage III NSCLC,” British Journal of
Cancer, vol. 123, no. S1, pp. 3–9, 2020.

[5] H. Y. Dai, Y. Ma, Z. Da, and X. M. Hou, “Knockdown of
TRIM66 inhibits malignant behavior and epithelial-
mesenchymal transition in non-small cell lung cancer,”
Pathology, Research and Practice, vol. 214, no. 8, pp. 1130–
1135, 2018.

[6] S. Hatakeyama, “TRIM family proteins: roles in autophagy,
immunity, and carcinogenesis,” Trends in Biochemical Sci-
ences, vol. 42, no. 4, pp. 297–311, 2017.

[7] K. Ozato, D. M. Shin, T. H. Chang, and H. C. Morse, “TRIM
family proteins and their emerging roles in innate immunity,”
Nature Reviews. Immunology, vol. 8, no. 11, pp. 849–860, 2008.

[8] Y. Ma, H. Y. Dai, F. Zhang, and D. Zhao, “TRIM66 expression
in non-small cell lung cancer: a new predictor of prognosis,”
Cancer Biomarkers, vol. 20, no. 3, pp. 309–315, 2017.

[9] H. Nakashima, N. Hashimoto, D. Aoyama et al., “Involvement
of the transcription factor twist in phenotype alteration
through epithelial-mesenchymal transition in lung cancer
cells,” Molecular Carcinogenesis, vol. 51, no. 5, pp. 400–410,
2012.

[10] S. Thomson, F. Petti, I. Sujka-Kwok et al., “A systems view of
epithelial-mesenchymal transition signaling states,” Clinical
& Experimental Metastasis, vol. 28, no. 2, pp. 137–155, 2011.

[11] T. He, J. Cui, Y. Wu, X. Sun, and N. Chen, “Knockdown of
TRIM66 inhibits cell proliferation, migration and invasion in
colorectal cancer through JAK2/STAT3 pathway,” Life Sci-
ences, vol. 235, p. 116799, 2019.

[12] H. Huang, “Matrix metalloproteinase-9 (MMP-9) as a cancer
biomarker and MMP-9 biosensors: recent advances,” Sensors,
vol. 18, no. 10, p. 3249, 2018.

[13] Q. Xue, L. Cao, X. Y. Chen et al., “High expression of MMP9 in
glioma affects cell proliferation and is associated with patient
survival rates,” Oncology Letters, vol. 13, no. 3, pp. 1325–
1330, 2017.

[14] S. W. Chen, Q. Zhang, Z. F. Xu et al., “HOXC6 promotes gas-
tric cancer cell invasion by upregulating the expression of
MMP9,” Molecular Medicine Reports, vol. 14, no. 4,
pp. 3261–3268, 2016.

[15] J. Tripathy, A. Tripathy, M. Thangaraju, M. Suar, and
S. Elangovan, “α-Lipoic acid inhibits the migration and inva-
sion of breast cancer cells through inhibition of TGFβ signal-
ing,” Life Sciences, vol. 207, pp. 15–22, 2018.

[16] H. Zhang, C. Hao, Y. Wang et al., “Sohlh2 inhibits human
ovarian cancer cell invasion and metastasis by transcriptional
inactivation of MMP9,” Molecular Carcinogenesis, vol. 55,
no. 7, pp. 1127–1137, 2016.

[17] H. Dong, H. Diao, Y. Zhao et al., “Overexpression of matrix
metalloproteinase-9 in breast cancer cell lines remarkably
increases the cell malignancy largely via activation of trans-
forming growth factor beta/SMAD signalling,” Cell Prolifera-
tion, vol. 52, no. 5, article e12633, 2019.

[18] G. Shay, C. C. Lynch, and B. Fingleton, “Moving targets:
emerging roles for MMPs in cancer progression and metasta-
sis,” Matrix Biology, vol. 44-46, pp. 200–206, 2015.

[19] M. Román, I. Baraibar, I. López et al., “KRAS oncogene in non-
small cell lung cancer: clinical perspectives on the treatment of
an old target,” Molecular Cancer, vol. 17, no. 1, p. 33, 2018.

[20] V. V. Prabhu and S. N. Devaraj, “KAI1/CD82, metastasis sup-
pressor gene as a therapeutic target for non-small-cell lung
carcinoma,” Journal of Environmental Pathology, Toxicology
and Oncology, vol. 36, no. 3, pp. 269–275, 2017.

[21] X. Song, C. Fu, X. Yang, D. Sun, X. Zhang, and J. Zhang, “Tri-
partite motif-containing 29 as a novel biomarker in non-small
cell lung cancer,” Oncology Letters, vol. 10, no. 4, pp. 2283–
2288, 2015.

[22] W. Zhan, T. Han, C. Zhang et al., “TRIM59 promotes the pro-
liferation and migration of non-small cell lung cancer cells by
upregulating cell cycle related proteins,” PLoS One, vol. 10,
no. 11, article e0142596, 2015.

[23] Q. Luo, H. Lin, X. Ye, J. Huang, S. Lu, and L. Xu, “Trim44 facil-
itates the migration and invasion of human lung cancer cells
via the NF-κB signaling pathway,” International Journal of
Clinical Oncology, vol. 20, no. 3, pp. 508–517, 2015.

[24] Y. Zhang, L. Wu, C. Jiang, and B. Yan, “Reprogramming cellu-
lar signaling machinery using surface-modified carbon nano-
tubes,” Chemical Research in Toxicology, vol. 28, no. 3,
pp. 296–305, 2015.

[25] P. Farina, E. Tabouret, P. Lehmann et al., “Relationship
between magnetic resonance imaging characteristics and plas-
matic levels of MMP2 and MMP9 in patients with recurrent
high-grade gliomas treated by bevacizumab and irinotecan,”
Journal of Neuro-Oncology, vol. 132, no. 3, pp. 433–437, 2017.

[26] D. M. Wu, S. H. Deng, T. Liu, R. Han, T. Zhang, and Y. Xu,
“TGF-β-mediated exosomal lnc-MMP2-2 regulates migration
and invasion of lung cancer cells to the vasculature by promot-
ing MMP2 expression,” Cancer Medicine, vol. 7, no. 10,
pp. 5118–5129, 2018.

[27] Y. C. Chien, L. C. Liu, H. Y. Ye, J. Y. Wu, and Y. L. Yu, “EZH2
promotes migration and invasion of triple-negative breast can-
cer cells via regulating TIMP2-MMP-2/-9 pathway,” American
Journal of Cancer Research, vol. 8, no. 3, pp. 422–434, 2018.

8 Computational and Mathematical Methods in Medicine


	TRIM66 Promotes Malignant Progression of Non-Small-Cell Lung Cancer Cells via Targeting MMP9
	1. Introduction
	2. Materials and Methods
	2.1. Cell Culture
	2.2. Plasmid Construction and Cell Transfection
	2.3. RNA Purification and qRT-PCR Analysis
	2.4. Western Blot
	2.5. Transwell Assays
	2.6. Co-Immunoprecipitation (Co-IP) Assay
	2.7. Statistical Analysis

	3. Results
	3.1. TRIM66 Is Highly Expressed in NSCLC Cells
	3.2. TRIM66 Downregulation Restrains Invasion, Migration, and EMT Process of NSCLC Cells
	3.3. The Bindings between TRIM66 and MMP2 or MMP9 Are Verified
	3.4. TRIM66 Affects the Migration, Invasion, and EMT of NSCLC Cells by Mediating MMP9

	4. Discussion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

