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Abstract
Accumulating data have revealed the pivotal function of tripartite motif protein 38 (TRIM38) in tumors. In view of this, this 
investigation aims to explore the function and potential mechanism of TRIM38 in non-small cell lung cancer (NSCLC). A 
xenotypic tumor model was established in vivo by subcutaneously injecting NSCLC cells (2 × 106 cells) in tail vein of each 
mouse. Relative expression of TRIM38 mRNA was detected via quantitative real-time polymerase chain reaction (qRT-PCR). 
For exploring the role of TRIM38 in vivo and in vitro, mice or NSCLC cells were divided into two groups: the vector group 
and the TRIM38 overexpression group. Also, protein expression levels of TRIM38, Vimentin, E-cadherin, and N-cadherin 
were determined using western blotting and immunohistochemistry staining. Tumor nodules of mouse lung tissues were 
assessed via performing H&E staining. Moreover, proliferation of NSCLC cells was evaluated through colony formation and 
CCK-8 assays. Further, migration and invasion of NSCLC cells were assessed through wound healing and transwell assays. 
Protein levels of pathway-related proteins including p-p65, p65, IκB, p-IκB, p-AMPK, AMPK, and NLRP3 were examined 
through western blotting analysis. Tumor lung tissues of mice and NSCLC cells showed low protein and mRNA expression 
of TRIM38. Functionally, up-regulation of TRIM38 reduced the number of tumor nodules and suppressed epithelial-to-
mesenchymal transition (EMT) in lung tissues of mice. Furthermore, up-regulation of TRIM38 in NSCLC cells inhibited 
migration, invasion, EMT, and proliferation. With respect to the mechanism, in vivo experiments, the inhibitory effects of 
TRIM38 overexpression on tumor nodules, and EMT were reversed by AMPK inhibitor. In vitro experiments, TRIM38 
overexpression caused down-regulation of p-IκB and p-p65 as well as up-regulation of p-AMPK. The inhibitory effects of 
TRIM38 overexpression on migration, proliferation, invasion, and EMT of NSCLC cells were reversed by overexpression 
of NLRP3. Concurrently, AMPK inhibitor enhanced the TRIM38-overexpressed NSCLC cell’s abilities in migration, clone 
formation, invasion, and proliferation. TRIM38 regulated the AMPK/NF-κB/NLRP3 pathway to suppress the NSCLC’s 
progression and development.
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Introduction

Lung cancer has emerged as a leading cause of death world-
wide, in which non-small cell lung cancer (NSCLC) is an 
important subtype [1, 2]. Currently, NSCLC therapy is chal-
lenged by the fact that more than 70% patients have been 

diagnosed at advanced stages, with a 5-year overall survival 
rate of less than 5% [3, 4]. Although advances have been 
made in chemotherapy and molecular targeted therapy [5–7], 
the survival time of NSCLC patients is still limited [8]. 
Therefore, it is important to explore NSCLC’s pathogenesis 
and identify potential targets for NSCLC treatment.

Tripartite motif protein 38 (TRIM38) refers to ubiquitin 
ligase E3, with PRY-SPRY domain, B box-type zinc finger, 
and RING-type zinc finger [9, 10]. It is a member of TRIM 
protein family that plays pivotal part in many biological 
functions such as cardiac fibrosis, degeneration of chondro-
cytes, innate immunity, and inflammation response [11–13]. 
Recently, TRIM38 is reported to be one of the tumor 
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microenvironment-related factors, which has the ability to 
repress the progression of bladder cancer [14, 15]. More 
importantly, data from gene expression profiling sequenc-
ing have showed that TRIM38 expression is decreased in 
dermatomyositis patients [16], and dermatomyositis is iden-
tified as an independent risk factor in lung cancer [17, 18]. 
Current findings suggest that TRIM38 may have connection 
with NSCLC’s occurrence.

Nuclear factor kappa-light-chain-enhancer of activated B 
cells (NF-κB), a common transcription factor, is crucial for 
modulating inflammation and immunity [19–21]. NOD-like 
receptor pyrin domain-containing 3 (NLRP3) is a classical 
downstream inflammatory complex of NF-κB, which has 
been proved to promote inflammasome development and 
affect pathogenesis of breast cancer and lung cancer [22–25]. 
Also, NSCLC metastasis is associated with activation of the 
NF-κB/NLRP3 pathway [26, 27]. Adenosine monophos-
phate-activated protein kinase (AMPK) is an upstream 
negative regulator for NF-κB, which can inactivate NF-κB 
[28, 29] and AMPK activation is related to the suppression 
of NSCLC cell’s growth [30]. These findings propose the 
possible implication of the AMPK/NF-κB/NLRP3 pathway 
in NSCLC. In addition, TRIM38 is demonstrated to nega-
tively regulate NF-κB in many cells such as chondrocytes, 
cardiomyocytes, and osteoclasts [12, 31, 32]. Meantime, a 
study has reported that TRIM38 promotes downstream glu-
cose transporter-1 (GLUT1) degradation of AMPK in blad-
der cancer [15], suggesting that AMPK may be a potential 
mechanism of TRIM38 in regulating NF-κB activity. Thus, 
we speculated that TRIM38 may inhibit NF-κB/NLRP3 
activity by activating AMPK, thereby controlling the pro-
gression of NSCLC.

Hereon, we intended to explore the function of TRIM38 
in NSCLC and related molecular mechanisms. This study 
may lay theoretical basis foundation for NSCLC treatment 
via molecular therapy.

Methods

Cell culture techniques

Human NSCLC cell lines (HCC827, H1299, A549, H460, 
H1975, and H1650) and a BEAS-2B cell line derived from 
mouse bronchiolar epithelial cells were bought from the 
Academy of Sciences Cell Bank (Beijing, China). Roswell 
Park Memorial Institute-1640 (RPMI-1640) medium 
(Hyclone, Logan, Utah, USA) containing 10% fetal bovine 
serum (FBS) and 1% solution of antibiotic (penicillin and 
streptomycin) was used to culture NSCLC cells. For cultur-
ing BEAS-2B cells, Dulbecco’s modified Eagle’s medium 
(DMEM; Thermo Fisher Scientific, Waltham, MA, USA) 

containing 10% FBS was used. All cells were incubated at 
37 °C in a humidified atmosphere with 5% CO2.

Transfection and treatment of cells

Recombinant lentivirus for overexpressing TRIM38 or 
NLRP3 along with corresponding empty vector was bought 
from GenePharma (Shanghai, China). H1299 cells at a den-
sity of 3 × 106 cells were plated into a 6-cm dish, and further 
transfected with 2 μg TRIM38 overexpression plasmid, 2 μg 
NLRP3 overexpression plasmid, and corresponding empty 
vectors through Lipofectamine 3000 (Invitrogen, Carlsbad, 
California, USA). Following 48 h of transfection, partially 
transfected cells were treated with compound C (AMPK 
inhibitor; Selleck Chemicals, Houston, TX, USA) in con-
centration of 3 μM for 24 h [33].

In vivo tumorigenesis assay

BALB/c nude mice (male, 4–5-week-old) were bought 
from Shanghai Laboratory Animals Co., Ltd. (Shanghai, 
China). All mice were housed in controlled condition (a 
12-h dark and 12-h light period of cycle with 60% humidity 
at 22–24 °C), and had free access to water and food. Animal 
experiments were performed in accordance with Institutional 
Animal Care and Use Committee’s guidelines from Beijing 
Viewsolid Biotechnology Co. LTD (VS212601456).

To determine the expression of TRIM38 in NSCLC 
in vivo, H1299 cells (2 × 106 cells suspended in 200 μL of 
PBS) or 200 μL PBS (as a control) were injected in each 
mouse via tail vein. Mice were divided into two groups 
(n = 6/group): the normal group and the tumor group. After 
56 days, mice were anesthetized with sodium pentobarbital 
(50 mg/kg), followed by euthanizing them through cervical 
dislocation. Lung tissues of mice were collected and pre-
served for further analysis.

To explore the influence and mechanism of TRIM38 in 
NSCLC in vivo, H1299 cells (2 × 106 cells) transfected with 
TRIM38 overexpression lentivirus or empty vector lentivirus 
were injected each mouse with or without intraperitoneal 
injection of the AMPK inhibitor compound C (Selleckchem 
Chemicals, 20 mg/kg/day) via tail vein. Mice were divided 
into three groups (n = 6): the empty vector, the TRIM38 
overexpression group, and the TRIM38 + Compound C 
group. After 56 days, mice were anesthetized and eutha-
nized as mentioned above. The lung tissues were collected 
and preserved for further analysis.

Quantitative real‑time polymerase chain reaction 
(qRT‑PCR)

Lung tissues of mice were used to RNA extraction via Trizol 
(Sangon Biotech, Shanghai, China). Complementary DNA 
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(cDNA) was synthesized via reverse transcription based 
on protocols of a PrimeScript™ RT reagent Kit (Takara, 
Beijing, China). In 20 μL reaction mixture containing 2 μL 
cDNA, PCR amplification was conducted using SYBR® 
Premix Ex Taq™ II (Takara). Amplification steps were dis-
played as follows: 1 min of 98 °C, 10 s of 98 °C with 30 
cycles, 15 s of 55 °C, and 1 min of 72 °C. Amplification 
primers were provided in Table 1. Relative mRNA expres-
sion of TRIM38 normalized to GAPDH was calculated with 
the 2−ΔΔct method.

Western blotting

RIPA lysis buffer (Solarbio, Beijing, China) was used for 
protein extraction. A BCA kit (Pierce, Waltham, MA, 
USA) was used to measure the protein concentration. Sub-
sequently, 10% sodium dodecyl sulfate–polyacrylamide gel 
electrophoresis (SDS-PAGE) was used to separate 50 μg 
protein samples, followed by transferring on polyvinylidene 
difluoride (PVDF) membranes (Millipore, Billerica, USA). 
After being blocked with 5% nonfat milk, the membranes 
were incubated with primary antibodies at 4°Covernight, 
including anti-TRIM38 (1:200, MA5-26235, Invitrogen), 
anti-E-cadherin (1:5000, ab40772, Abcam, Cambridge, 
CA, USA), anti-N-cadherin (1:5000, ab76011, Abcam), anti-
NLRP3 (1:1000, ab263899, Abcam), anti-Vimentin (1:2000, 
ab92547, Abcam), anti-IκB (1:5000, ab32518, Abcam), 
anti-p-IκB (1:1000, ab92685, Abcam), anti-p65 (1:2000, 
ab32536, Abcam), anti-p-p65 (1:1000, ab76302, Abcam), 
anti-AMPK (1:1000, ab32047, Abcam), and β-actin (1:1000, 
ab8224, Abcam). Then the membranes were washed using 
Tween-20 + Tris-Buffered Saline (TBST), followed by incu-
bation with the anti-rabbit secondary antibody (1:2000, 
ab6721, Abcam). Finally, visualization of protein bands was 
obtained by enhanced chemiluminescence (ECL) kit (TFS).

Immunohistochemistry (IHC) staining

Protein expression of TRIM38, Vimentin, E-cadherin, and 
N-cadherin in lung tissues was examined via IHC staining. 
Lung tissues fixed with 10% formalin were embedded using 
paraffin, cut into 4 μm sections, and dewaxed using xylene, 

followed by rehydration using alcohol. After antigen repair 
and block of nonspecific sites were performed, these sec-
tions were incubated with primary antibodies overnight 
at 4 °C. Primary antibodies were listed as follows: anti-
TRIM38 (1:200, PA5-83,204, Invitrogen), anti-N-cadherin 
(1:500, ab76011, Abcam), anti-E-cadherin (1:500, ab40772, 
Abcam), and anti-Vimentin (1:200, ab92547, Abcam). Next, 
the horseradish anti-rabbit secondary antibody (1:500, 
ab6112, Abcam) was added to incubate for 30 min, and the 
diaminobenzidine substrate solution was added to these sec-
tions. At last, hematoxylin was used to stain these sections 
and staining areas were observed through a microscope 
(Olympus, Tokyo, Japan).

Hematoxylin–eosin (H&E) staining

The tumor nodules of mouse lung tissues were determined 
via H&E staining. Lung tissues of mice were exposed to 
paraformaldehyde (4%) at 4 °C overnight and paraffin-
embedded. Subsequently, the sections with embedded par-
affin were cut into 5 μm slices followed by graded ethanol 
mediated deparaffinization. After H&E staining, dehydration 
was performed using xylene and graded ethanol, and these 
sections were observed under a microscope.

Cell counting Kit‑8 (CCK‑8) assay

The viability of cells was assessed via a proliferation detec-
tion CCK-8 kit (Dojindo, Kumamoto, Japan). In brief, cells 
(5 × 103 cells/well) were seeded in 96-well plates, followed 
by incubation at 37 °C for 0 h, 24 h, 48 h, and 72 h. After-
ward, each well was supplemented with 10 µL CCK-8 rea-
gent to culture for additional 2 h. Finally, a microplate reader 
was used to measure the optical density at 450 nm.

Colony formation assay

The cells in RPMI-1640 medium were re-suspended to 
1 × 104 cells/mL concentration, and were plated in a 6-well 
plate with 2 × 103 cells per well. After that, cells were cul-
tured at 37 °C for 14 days, followed by fixing and stain-
ing for 30 min using paraformaldehyde and crystal violet, 
respectively. Then the number of colonies in each well 
was counted and photographed. When the number of cells 
reached at least 50, it is considered as a countable colony.

Wound healing assay

Cells (3 × 105 cells/well) in 6-well plates were routinely cul-
tured in RPMI-1640 medium containing 10% FBS. When 
the monolayer of cell was formed, scratches were made 
using a pipette tip and the relative length of the scratches 
was recorded. After being washed with PBS, these cells 

Table 1   Primer sequences for qRT-PCR in this study

Genes Sequences (5′–3′)

TRIM38
 Forward TGC​TGG​CGC​TGT​TAT​TGG​G
 Reverse GTT​CAC​GCA​ATT​TTG​TCA​TGGT​

GAPDH
 Forward ACA​TCG​CTC​AGA​CAC​CAT​G
 Reverse TGT​AGT​TGA​GGT​CAA​TGA​AGGG​
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were cultured for 24 h using serum-free medium. To meas-
ure the wound healing distance, cells were observed and 
photographed using an inverted microscope. The migration 
rate was calculated by the formula: 100 × (scratch width at 
24 h/scratch width at 0 h).

Transwell assay

Transwell chambers (Corning Costar, Cambridge, MA, 
USA) with pore size of 8 μm were used to assess cell inva-
sion. In brief, 200 μL of serum-free medium re-suspended 
with 1 × 105 cells was added to the upper compartment of 
transwell chambers coating with Matrigel Matrix (BD Bio-
Sciences, Franklin Lakes, NJ, USA). Concurrently, 600 μL 
of full medium containing 20% FBS was appended in lower 
chambers. Following 24 h of incubation, cotton swabs were 
used to scrape off the cells from upper chambers. Invading 
cells in lower chambers were counted using a light micro-
scope (Olympus) after they were fixed and stained using 4% 
paraformaldehyde and 0.4% crystal violet.

Statistical analysis

All statistical analysis was performed via GraphPad Prism 
7.0 tool. Mean ± standard deviation (SD) was presented as 
experimental data. Difference comparisons between two 
groups were performed by using Student's t-test. One-way 
Analysis of Variance (ANOVA) method was used for com-
parisons between multiple groups, followed by Tukey's 
multiple comparisons. The p < 0.05 indicated significant 
differences.

Results

Low expression of TRIM38 is observed in lung 
tissues of NSCLC mice and NSCLC cells

The expression pattern of TRIM38 was firstly determined 
in lung tissues of mice. The qRT-PCR data indicated that 
TRIM38 mRNA expression was decreased in lung tissues 
of NSCLC mice compared to lung tissues of normal mice 
(p < 0.001, Fig. 1A). The results from western blotting and 
IHC staining displayed lower protein expression of TRIM38 
in lung tissues of NSCLC mice than those of normal mice 
(p < 0.001, Fig. 1B, C). Then we examined protein expres-
sion of TRIM38 in BEAS-2B cells and NSCLC cells (A549, 
H1299, HCC827, H1975, H460, and H1650). It was found 
that protein expression of TRIM38 was reduced in NSCLC 
cells compared to BEAS-2B cells (p < 0.001, Fig. 1D).

TRIM38 suppresses tumor growth 
and epithelial‑to‑mesenchymal transition (EMT) 
in vivo, which was associated with the AMPK/NF‑κB/
NLRP3 pathway

Next, lentivirus overexpressing TRIM38 was transfected into 
H1299 cells and the overexpression efficiency was detected 
with western blot. As exhibited in Fig. 2A, protein expres-
sion of TRIM38 was markedly up-regulated after transfec-
tion of TRIM38 overexpressing lentivirus (p < 0.001), sug-
gesting successful overexpression of TRIM38.

Previously, TRIM38 is demonstrated to negatively reg-
ulate NF-κB activity in many cells such as chondrocytes, 
cardiomyocytes, and osteoclasts [12, 31, 32]. Meanwhile, 
a study has demonstrated that TRIM38 can promote down-
stream GLUT1 degradation of AMPK in bladder cancer 
[15]. Therefore, for exploring the effects and mechanisms 
of TRIM38 overexpression on tumor growth and EMT in 
mice, H1299 cells transfected with lentivirus of overex-
pressing TRIM38 and corresponding empty vector were 
injected into mice and AMPK inhibitor was used. Under 
a light microscope, we observed that the number of tumor 
nodules was reduced after TRIM38 overexpression in lung 
tissues of NSCLC mice, and the reduction effect of TRIM38 
overexpression on tumor nodules was reversed by AMPK 
inhibitor (compound C) (p < 0.001, Fig. 2B). According 
to the result of H&E staining, we also observed decreased 
tumor nodules in the TRIM38 group compared to the vector 
group, and the reduction effect of TRIM38 overexpression 
on tumor nodules was reversed by compound C (Fig. 2C). 
Besides, we evaluated EMT by detecting protein biomark-
ers of EMT in lung tissues of NSCLC mice. Decreased 
expression of Vimentin and N-cadherin proteins as well as 
increased E-cadherin expression was found after TRIM38 
overexpression, suggesting the inhibitory effect of TRIM38 
overexpression on EMT (Fig. 2D). And the inhibitory effect 
of TRIM38 overexpression on EMT was also reversed by 
compound C (Fig. 2D). These findings implied that anti-
cancer function of TRIM38 was partly dependent on the 
regulation of AMPK/NF-κB/NLRP3 pathway in vivo.

TRIM38 represses proliferation, migration, invasion, 
and EMT of NSCLC cells in vitro

When we explored the influences of TRIM38 on NSCLC 
cells in vitro, we found that TRIM38 overexpression caused 
decreases of clone number and cell viability, migration 
rate, and cell invasion number in H1299 cells (p < 0.001, 
Fig.  3A–D). Simultaneously, TRIM38 overexpression 
caused suppression of EMT in H1299 cells, as evidenced 
by high E-cadherin expression along with low N-cadherin 
and Vimentin expression (p < 0.001, Fig. 3E).
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The inhibitory effects of TRIM38 on migration, 
proliferation, invasion, and EMT of NSCLC cells are 
mediated by NLRP3 in vitro

Next, we further explored downstream mechanisms of 
TRIM38 in vitro. Firstly, the regulatory relation between 
TRIM38 and NLRP3 was investigated. As displayed in 
Fig. 4A, TRIM38 overexpression evidently resulted in 
low NLRP3 expression in H1299 cells with p < 0.001, 
suggesting negative regulatory relation between TRIM38 
and NLRP3. Then rescue assays were performed. We 

found that the clone formation ability and cell viabil-
ity were promoted by NLRP3 overexpression, whereas 
NLRP3 overexpression reversed TRIM38-mediated 
suppression of clone formation and viability in H1299 
cells (p < 0.001, Fig. 4B, C). Likewise, the migration 
rate and the number of invasion cells were increased by 
NLRP3 overexpression, whereas NLRP3 overexpres-
sion reversed TRIM38-mediated suppression of migra-
tion and invasion in H1299 cells (p < 0.001, Fig. 4, D, 
E). Furthermore, TRIM38 overexpression resulted in 
up-regulation E-cadherin protein expression along with 

Fig. 1   TRIM38 is lowly expressed in tumor tissues of non-small 
cell lung cancer (NSCLC) mice. A Relative mRNA expression of 
TRIM38 in lung tissues of normal mice and lung tissues of NSCLC 
mice was determined by quantitative real-time polymerase chain 
reaction (qRT-PCR). B Relative protein expression of TRIM38 was 
determined by western blot in lung tissues of normal mice and lung 

tissues of NSCLC mice. C Relative protein expression of TRIM38 
was determined by immunohistochemistry staining in lung tissues 
of normal mice and lung tissues of NSCLC mice. D Relative protein 
expression of TRIM38 was determined by western blot in BEAS-2B, 
A549, H1299, HCC827, H1975, H460, and H1650 cells. Each experi-
ment was conducted in three biological replicates. ***p < 0.001
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down-regulation of N-cadherin and Vimentin expression, 
which were reversed by NLRP3 overexpression in H1299 
cells (p < 0.01, Fig. 4F).

Fig. 2   TRIM38 suppresses 
tumor growth and epithelial-
to-mesenchymal transition 
(EMT) in vivo. A Relative 
protein expression of TRIM38 
in H1299 cells was deter-
mined by western blot. B The 
tumor nodules in lung tissues 
of non-small cell lung cancer 
(NSCLC) mice were observed 
under a light microscope. C The 
number of tumor nodules was 
detected using hematoxylin–
eosin staining in lung tissues of 
NSCLC mice. D The protein 
expression of E-cadherin, 
N-cadherin, and Vimentin in 
lung tissues of NSCLC mice 
was detected using immunohis-
tochemistry staining. *p < 0.05. 
***p < 0.001. Each experiment 
was conducted in three biologi-
cal replicates
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TRIM38 can regulate the AMPK/NF‑κB/NLRP3 
pathway

To explore whether TRIM38 affected the AMPK/NF-κB/
NLRP3 pathway in H1299 cells, the following experiments 
were performed. Firstly, AMPK and NF-κB-associated pro-
tein expression levels were examined using western blot. We 
discovered that TRIM38 reduced protein levels of p-inhibitor 
of NF-κB (IκB) and p-p65, and increased the protein level 
of p-AMPK, implying that TRIM38 led to AMPK phospho-
rylation and suppressed the NF-κB/NLRP3 pathway (p < 0.01, 
Fig. 5A). Then we examined the role of AMPK inhibitor (com-
pound C) in TRIM38-overexpressed H1299 cells. We found 
that protein levels of p-IκB, p-p65, and NLRP3 were increased 
after the addition of compound C in TRIM38-overexpressed 
H1299 cells (p < 0.001, Fig. 5B).

TRIM38 represses migration, proliferation, 
and invasion of NSCLC cells via regulating 
the AMPK/NF‑κB/NLRP3 pathway

Finally, we delved into whether the AMPK/NF-κB/NLRP3 
pathway participated in TRIM38-induced inhibition of pro-
liferation, migration, and invasion in H1299 cells. Our data 
demonstrated that the clone formation ability, cell viability, 
the migration ability, and the invasion ability of TRIM38-
overexpressed H1299 cells were enhanced in response to the 
addition of compound C (p < 0.01, Fig. 6A–D).

Fig. 3   TRIM38 represses proliferation, migration, invasion, and epi-
thelial-to-mesenchymal transition (EMT) of non-small cell lung can-
cer (NSCLC) cells in vitro. A The number of colonies in H1299 cells 
was detected by colony formation assay. B Cell viability in H1299 
cells was examined by CCK-8 assay. C The migration rate of H1299 
cells was detected by wound healing assay. D The invasion of H1299 

cells was detected by transwell assay. Invasion was evaluated by 
counting at least 5 randomly chosen fields. E The protein expression 
of E-cadherin, N-cadherin, and Vimentin in H1299 cells was detected 
using western blot. ***p < 0.001. Each experiment was conducted in 
three biological replicates
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Fig. 4   Suppressive influences of TRIM38 on proliferation, migra-
tion, invasion, and epithelial-to-mesenchymal transition (EMT) of 
non-small cell lung cancer (NSCLC) cells are mediated by NLRP3 
in vitro. A Relative protein expression of NLRP3 in H1299 cells was 
determined by western blot. B The number of colonies in H1299 cells 
was detected by colony formation assay. C Cell viability in H1299 
cells was detected by CCK-8 assay. D The migration rate of H1299 

cells was detected by wound healing assay. E The invasion of H1299 
cells was detected by transwell assay. Invasion was evaluated by 
counting at least 5 randomly chosen fields. F Relative protein expres-
sion of E-cadherin, N-cadherin, and Vimentin in H1299 cells was 
detected using western blot. vs. vector, ***p < 0.001; vs. TRIM38, 
##p < 0.01, ###p < 0.001. Each experiment was conducted in three bio-
logical replicates

Fig. 5   TRIM38 can regulate 
the AMPK/NF-κB/NLRP3 
pathway. A Relative protein 
expression of p-p65, p65, p-IκB, 
IκB, p-AMPK, and AMPK was 
examined using western blot. 
B Relative protein expression 
of p-p65, p65, p-IκB, IκB, 
and NLRP3 was examined 
using western blot. **p < 0.01. 
***p < 0.001. Each experiment 
was conducted in three biologi-
cal replicates
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Discussion

NSCLC has seriously threatened human health, with 
increasing mortality rate year after year [34, 35]. Neverthe-
less, due to complicated pathogenesis, no effective treatment 
for NSCLC has been established [36]. As one of the tumor 
microenvironment-related factors, TRIM38 has got much 
attention in recent years due to its involvement in cancer-
related diseases [14]. A study from Wang et al. has revealed 
that TRIM38 expression is reduced in patients with dermato-
myositis (a key risk factor of lung cancer) [16]. Another 
study has demonstrated that TRIM38 is lowly expressed 
in patients with bladder urothelial carcinoma (BLCA) 
[15]. Consistently, we also observed the low expression of 
TRIM38 in tumor lung tissues of NSCLC mice as well as 
NSCLC cells, which suggested that there was a certain cor-
relation of TRIM38 with NSCLC.

There is increasing evidence that TRIM38 plays impor-
tant roles in diverse cancers. For example, TRIM38 is iden-
tified as a potential prognostic biomarker and therapeutic 
target in hepatocellular carcinoma (HCC) [37]. TRIM38 is 
found to repress proliferation and migration of BLCA cells 
[15]. Here, we discovered that TRIM38 inhibited tumor 
growth and metastasis in vivo, and repressed migration, 
invasion, proliferation, & EMT of NSCLC cells in vitro. 
Based on the above findings, we inferred that TRIM38 may 
serve as a valuable target for therapeutics to prevent the pro-
gression and development of NSCLC.

Except for function importance of TRIM38, we 
explored the mechanisms by which TRIM38-mediated 
tumor inhibition in NSCLC. Previously, convincing evi-
dence has uncovered the inhibition effect of AMPK on 
the NF-κB pathway [38, 39], and NF-κB/NLRP3 path-
way activation participates in NSCLC metastasis [27, 40]. 

Fig. 6   TRIM38 represses proliferation, migration, and invasion of 
non-small cell lung cancer (NSCLC) cells via regulating the AMPK/
NF-κB/NLRP3 pathway. A The number of colonies in H1299 cells 
was detected by colony formation assay. B Cell viability in H1299 
cells was detected by CCK-8 assay. C The migration rate of H1299 

cells was detected by wound healing assay. D The invasion of H1299 
cells was detected by transwell assay. Invasion was evaluated by 
counting at least 5 randomly chosen fields. **p < 0.01. ***p < 0.001. 
Each experiment was conducted in three biological replicates
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On the other hand, TRIM38 is found to facilitate GLUT1 
degradation of AMPK in bladder cancer [15]. There-
fore, we assumed that TRIM38 may regulate the AMPK/
NF-κB/NLRP3 pathway to affect NSCLC development, 
and then validated our assumption. In vitro experiments, 
we found that TRIM38 activated AMPK phosphorylation 
and inactivated the NF-κB/NLRP3 pathway, as indicated 
by decreased expression of p-p65 and p-IκB along with 
increased expression of p-AMPK. Above all, NLRP3 over-
expression or AMPK inhibitor reversed suppressive effects 
of TRIM38 overexpression on clone formation, viability, 
migration, invasion of H1299 cells. Meanwhile, NLRP3 
overturned the suppressive effect of TRIM38 overexpres-
sion on EMT of H1299 cells. In vivo experiments, we 
found that the inhibitory effects of TRIM38 overexpres-
sion on tumor nodules and EMT were reversed by AMPK 
inhibitor. Taken together, these outcomes implied that 
TRIM38 may impair tumor growth and metastasis by 
regulating the AMPK/NF-κB/NLRP3 pathway in NSCLC.

However, one limitation of our study is that we only 
used one cell line to perform in vitro function experiments. 
Given different origin of the other cell lines (HCC827, 
A549, H460, H1975, and H1650), the use of more cell 
lines will make our study more persuasive. In future stud-
ies, we will use different cell lines to perform function 
experiments.

To sum up, TRIM38 expression was decreased in tumor 
cells and tumor lung tissues. TRIM38 overexpression sup-
pressed in vitro invasion, migration, proliferation, and 
metastasis of NSCLC cells, which also inhibited tumor 
metastasis and growth in vivo. In terms of mechanisms, 
TRIM38 may reduce NF-κB/NLRP3 activity via acti-
vating AMPK, thereafter impairing the progression and 
development of NSCLC. Our discoveries offered original 
insight to the regulatory mechanism and crucial role of 
TRIM38 in NSCLC, which provided new ideas for NSCLC 
treatment.
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