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ABSTRACT
Evidence suggests that Tripartite Motif Containing 11 (TRIM11) has pro-tumor activity in human non-small 
cell lung cancer (NSCLC). However, the roles and underlying mechanisms of TRIM11 in NSCLC have not yet 
been fully elucidated. In this work, human lung cancer cell lines (A549, H446, and H1975) were transfected 
with siRNA or lentiviruses to knockdown or overexpress TRIM11 and dual-specificity phosphatase 6 
(DUSP6). The cell tumor response was assessed by determining the rate of proliferation, apoptosis, the 
uptake of 2-[N-(7-nitrobenz-2-oxa-1, 3-diaxol-4-yl) amino]-2-deoxyglucose (2-NBDG), and the secretion of 
lactic acid (LD). Dominant-negative (dn)-MEK1 was used to block the ERK1/2 pathway. The mechanism 
was investigated by assessing the protein levels of pyruvate kinase isozymes M2 (PKM2) and DUSP6, as 
well as the activation of ERK1/2 pathway. Our data confirmed the anti-cancer effect of siTRIM11 in human 
lung cancer by demonstrating inhibition of cancer cell proliferation, induction of apoptosis, prevention of 
2-NBDG uptake, suppression of LD production, and prevention of lung cancer cell (A549) tumorigenicity in 
nude mice. The underlying mechanism involved the up-regulation of DUSP6 and the inhibition of ERK1/2 
activity. Overexpression of TRIM11 induced tumorigenesis of NSCLC in vitro, and the activation of ERK1/2 
was significantly reversed by DUSP6 overexpression or additional dn-MEK1 treatment. Interestingly, we 
confirmed TRIM11 as a deubiquitinase that regulated DUSP6 accumulation, indicating that lung cancer 
progression is regulated via the DUSP6-ERK1/2 pathway. In conclusion, TRIM11 is an oncogene in NSCLC, 
likely through the DUSP6-mediated ERK1/2 signaling pathway.
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Introduction

Lung cancer is recognized as the most common, aggressive, 
and deadly malignant tumor in humans. The majority 
(approximately 85%) of lung cancers is non-small cell lung 
cancer (NSCLC), and have poor prognosis.1,2 Mechanistically, 
loss of cellular growth control is generally accepted as the 
fundamental cause of human lung cancer progression, which 
results in sustained pro-proliferation and enhanced tumor 
metastatic ability.3 As cancer cells are frequently driven by 
glycolytic anaerobic pathways, exploring novel targets or 
drugs based on the regulation of cancer cell glucose metabo-
lism has been considered as a potential means to block 
NSCLC.4

The Tripartite Motif Containing (TRIM) family protein 
is characterized by a tripartite motif (a RING domain, 
B-box motifs, and a coiled-coil region), with most of its 
members being E3 ubiquitin ligases, including TRIM11.5 

Our previous study demonstrated that TRIM11 was up- 
regulated in lung cancer and predicted poor survival, 
while knockdown of TRIM11 inhibited lung cancer cell 
growth, motility, and invasiveness.6 However, whether and 

how TRIM11 functions in the tumorigenesis of lung cancer 
remains unclear.

Dual-specificity phosphatase 6 (DUSP6), also known as 
MKP-3, is a member of the mitogen-activated protein 
kinase (MAPK) family phosphatase to negatively regulate 
the MAPK pathway. DUSP6 has shown tumor-suppressive 
effects in NSCLC,7 and low expression of DUSP6 is usually 
associated with high tumorigenicity.8 DUSP6 can depho-
sphorylate and inactivate extracellular signal-regulated 
kinase (ERK) in the MAPK pathway.7 Indeed, the DUSP6- 
mediated ERK1/2 pathway has been implicated in the 
progression of human pancreatic cancer.9 TRIM11 regu-
lates ERK1/2 activity in NSCLC; however, whether the 
DUSP6-mediated ERK1/2 pathway is involved in TRIM11- 
induced tumorigenesis in NSCLC remains largely 
unknown.

Here, we found that TRIM11 functions as an oncogene 
in human lung cancer in vitro by regulating lung cancer cell 
growth and glucose metabolism. TRIM11 down-regulates 
DUSP6, and as a result, the ERK1/2 pathway is activated 
and promotes the tumorigenesis of human lung cancer 
cells.
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Materials and methods

Immunohistochemistry (IHC) assay

To study the involvement of TRIM11 and DUSP6 in human 
lung cancer, IHC analysis was performed to assess TRIM11 
and DUSP6 expression in ten cases of tumorous and precan-
cerous lung tissue from patients with lung cancer in Northern 
Jiangsu People’s Hospital and Clinical Medical College of 
Yangzhou University Hospital.

Lung tissue sections (4–7 μm thick) on slides were incubated 
with TRIM11 antibody (ab171641, Abcam) and DUSP6 antibody 
(ab238512, Abcam) at 4°C overnight, followed by incubation with 
secondary antibodies (D-3004, Long Island Biotech, China) at 25° 
C for 30 mins. The slides were stained with DAB substrate (Long 
Island Biotech) and hematoxylin (714094, BASO) for 3 min at 
room temperature. After being cleared in xylene and mounted 
using neutral balsam (Beijing Solarbio Technology Co., LTD, 
Beijing, China). The area of TRIM11- or DUSP6-postive cells 
was analyzed using a light microscope (Eclipse Ni-E/Ni-U, 
NIKON) with an image analysis system (DS-Ri2, NIKON).

Cell culture and treatment

A549, H446, and H1975 cells were obtained from ATCC 
(Manassas, VA, USA), and grown in 89% RPMI-1640 
(Hyclone, Logan, UT), penicillin (100 U/ml, Solarbio, Beijing, 
China), and 10% heat-inactivated fetal bovine serum (Gibco 
Laboratories) at 37°C under 5% CO2. The cells were passaged 
when they reached 80% confluency.

TRIM11 was overexpressed in H1975 cells to study the 
involvement of ERK1/2 and DUSP6 in the carcinogenesis effect 
of TRIM11 in NSCLC. The cells were treated with lentiviruses 
expressing DUSP6 or 10 μmol/l of dominant-negative MEK1 
(dn-MEK1) (used as an ERK1/2 inhibitor; ADV-118, Cell 
Biolabs Inc., USA).

Cell proliferation and apoptosis assays

The proliferation of A549, H446, and H1975 cells was assessed 
at 0, 24, 48, and 72 h with a Cell Counting Kit-8 (CCK-8) 
method using a Cell Proliferation Assay kit (CP002, SAB). For 
each well, the absorbance at 450 nm (OD 450) was measured by 
a plate reader (Bio-Rad).

After treatment for 24 h, the apoptosis of A549, H446, and 
H1975 cells was determined using am Annexin V-FITC apop-
tosis detection kit (Beyotime) according to the manufacturer’s 
instructions. The level of apoptosis was determined by flow 
cytometry (BD Biosciences).

Colony formation assay

Cells were seeded in 6-well plates (1 × 103 cells per well) and 
cultured for 14 days at 37°C under 5% CO2. Then, cells were 
washed twice in PBS, fixed with 4% formaldehyde for 15 min, 
and stained with GIMSA for 10–30 min. The colonies were 
counted under a microscope.

Glucose uptake assay

After treatment for 48 h, ECA-109, KYSE140, and TE-1 cells 
were maintained in low-glucose DMEM (SH30021.01B, 
Hyclone) (100 μl) for 3 h, and then in no-glucose DMEM 
(11966-025, GIBCO) (100 μl) supplemented with 100 μM of 
fluorescent 2-[N-(7-nitrobenz-2-oxa-1, 3-diaxol-4-yl) amino]- 
2-deoxyglucose (2-NBDG) (CAYMAN, 0467597-16) at 37°C 
with 5% CO2 for 45 min. A FACSCalibur (Becton Dickinson 
Immunocytometry Systems, SanJose, CA) flow cytometer was 
used to determine glucose uptake.

Lactic acid (LD) assessment

The LD content in the culture supernatant of ECA-109, 
KYSE140, and TE-1 cells was assessed using the Lactic Acid 
Assay Kit (A019-2; Nanjing Jiancheng Bioengineering 
Institute, Nanjing, China). The OD value at 530 nm was calcu-
lated by a plate reader (Bio-Rad).

Production and transfection of TRIM11 and DUSP6 
overexpression vectors

The primers of the human DUSP6 gene (NCBI NM_001946.3) 
were as follows: 5′-GCGAATTCAGGGCTTTTGTGCATGC 
TA-3′ (forward, with EcoR I on the underline) and 5′- 
CGGGATCCACTATACTCATAAGAGGTATTGT-3′ (reverse, 
with BamHI on the underline). Construction and transfection of 
the DUSP6 or TRIM11 lentivirus were carried out according to 
a previously reported protocol.6 Cells transfected with lentivirus 
without DUSP6 or TRIM11 were used as the corresponding 
controls.

RNA interference

Two siRNA targeting human TRIM11 mRNA (siRNA- 
TRIM11-1, 5′-GCUAUUACAAUUCCUCGGA-3′; and 
siRNA-TRIM11-2, 5′-CUAUUCAUCUUUCCCGAGA-3′) 
and a nonspecific siRNA (siRNA-NC) were transfected 
into A549 and H446 cells according to a previously 
reported protocol.6

Real-time (RT)-PCR

Total RNA from lung tissue or lung cancer cell lines (A549, 
H446, and H1975) was extracted by Trizol Reagent (1596–026, 
Invitrogen) and reverse transcribed using a cDNA synthesis kit 
(Fermentas). The design of the primers for TRIM11, DUSP6, 
and PKM2 are shown in Table 1. The mRNA levels of TRIM11, 
DUSP6, and PKM2 were determined using SYBR Green PCR 
Kit (Thermo Fisher) on an ABI7300 system (Applied 
Biosystem).

Western blot analysis

The total protein content in the supernatant of lung tissue 
(20 mg) or cancer cell (A549, H446, and H1975) lysates was 
determined using the BCA protein assay kit (Thermo, MA, 
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USA), and 25 μg of the total protein was run on 15% SDS- 
PAGE. Electrophoretically pure proteins were transferred to 
PVDF membranes (Millipore, USA) and incubated with pri-
mary antibody at 4°C overnight, followed by horseradish per-
oxidase-conjugated antibodies (Beyotime, Shanghai, China) 
for 1 h at 25°C. Visualization and quantitative analysis of 
immunoblotted bands were performed using an ECL system 
(GE Healthcare/Amersham Biosciences).

The primary antibodies were as follows: anti-TRIM11 anti-
body (Ab111694, Abcam), anti-DUSP6 antibody (Ab196690, 
Abcam), anti-PKM2 antibody (Ab137852, Abcam), anti-ERK1 
/2 antibody (#4695, CST), antibody against p-ERK1/2 (#4730, 
CST), and antibody against GAPDH (#5174, CST).

In vitro co-immunoprecipitation (Co-IP) and 
ubiquitination assay

To determine whether TRIM11 was associated with DUSP6, 
2 mg of total protein in the supernatant of H1975 cells trans-
fected with TRIM11 was added to protein G-Agarose beads 
(Roche), and then immune-precipitated with anti-TRIM11 
(orb481520), anti-DUSP6 (orb481520), or control IgG anti-
body overnight at 4°C. TRIM11 and DUSP6 in the immune 
complex were immunoblotted using anti- TRIM11 (ab111694) 
and anti-DUSP6 (ab196690), respectively, and 2 mg of the total 
protein in TRIM11-transfected H1975 cells was reserved as the 
input control.

To study the effect of TRIM11 on DUSP6 ubiquitination, 
100 μg of total protein in the supernatant of siTRIM11- 
transfected A549 cells was added into Protein A/G PLUS- 
Agarose (Santa Cruz Biotechnology, sc-2003), and then 
immune-precipitated with 1 μg of IgG (Proteintech, 30000- 
0-AP) or anti-DUSP6 antibody overnight at 4°C. Anti- 
ubiquitin antibody (ab7780) was used to quantify DUSP6 
ubiquitin in immune-complexes by western blot.

Xenograft model

Twelve nude mice (Shanghai Laboratory Animal Company) 
were randomly divided into siNC and siTRIM11 groups. Mice 
in the siNC group were subcutaneously injected with A549 cells 
transfected with siNC (5 × 106 cells, 100 μl), and the mice in the 
siTRIM11 group were injected with siTRIM11 transfected A549 
cells (5 × 106 cells, 100 μl). The mice in the two groups were fed 
separately. The tumor volume (mm3) was calculated every 
3 days from the 12th day to the 33rd day; the mice were 

sacrificed on the 33rd day. The tumor tissue was weighed (g), 
and histopathological imaging was assessed using hemaoxylin- 
eosin (HE) staining, according to a previously study.10

TUNEL assay

Apoptosis in mouse lung tissue was calculated using the In Situ 
Cell Death Detection Kit, POD (Roche) according to the man-
ufacturer’s instructions. The nucleus of apoptotic cells were 
double dyed using a DBA substrate kit (FL-6001, Long Island, 
Shanghai, China) and hematoxylin (714094, BASO), and ana-
lyzed by the IMS image system (JRDUN, Shanghai, China).

Statistical analysis

Date are presented as mean ± standard error of the mean. The 
P-value between the two groups was assessed by Student’s t-test 
with P-values < 0.05 considered statistically significant.

Results

Expression of TRIM11 and USP6 in NSCLC

The expression of TRIM11 and USP6 was determined by IHC 
in ten cases of tumorous and none-tumorous colorectal tissue 
from patients with NSCLC. TRIM11 was up-regulated and 
DUSP6 was significantly decreased in tumorous lung tissue in 
NSCLC compared to the corresponding none-tumorous tissue 
(Figure 1), suggesting the participation of TRIM11 and DUSP6 
in human NSCLC.

Knockdown of TRIM11 suppressed the tumorigenesis of 
lung cancer cells

Our previous report demonstrated that TRIM11 was highly 
expressed in A549 and H446 cell lines; however, TRIM11 had 
low expression in the H1975 cell line. Therefore, we chose 
A549, H446, and H1975 for the current study.

A549 and H446 cells were transfected with siTRIM11. 
Figure 2a,g shows that the mRNA and protein level of 
TRIM11 in A549 and H446 cells was significantly decreased 
in the siTRIM11 group when compared with siNC, suggest-
ing successful silencing of TRIM11 in these two cell lines. 
After transfection, the tumorigenesis of A549 and H446 cells 
was assessed through measuring cell proliferation and apop-
tosis, 2-NBDG uptake ability, and the secretion of LD. Our 
results showed that knockdown of TRIM11 time- 
dependently inhibited lung cancer cell proliferation (Figure 
2b), significantly suppressed colony formation (Figure 2c), 
enhanced cell apoptosis (Figure 2d), reduced lung cancer 
cell uptake of 2-NBDG (Figure 2e), and reduced the con-
centration of LD in the cell culture supernatant (figure 2f). 
These findings demonstrate that knockdown of TRIM11 
ameliorates the tumorigenesis of human lung cancer cells.

The protein levels of DUSP6, p-ERK1/2, and PKM2 were 
measured to evaluate the mechanism of the observed anti- 
tumor effects. The data showed that siTRIM11 obviously 
down-regulated p-ERK1/2 and PKM2, and up-regulated 
DUSP6 in lung cancer cells (Figure 2g).

Table 1. Primers used in RT-PCR analysis.

Name GenBank Primer (5’-3’)

TRIM11 NM_145214.2, at 
396–567 position

Forward: CGAAGACCTCAAGGCGAAGC; 
Reverse: CAGCAAACGGCGAAGACG; 172 
bps.

DUSP6 NM_001946.3, at 
2939–3060 
position

Forward: GCAATACTTTGGGTTGGTTTC; 
Reverse: AACTCTCCCTTCTTCACAATC; 122 
bps.

PKM2 NM_002654.5, at 
1135–1259 
position

Forward: AGCAAGAAGGGTGTGAAC; Reverse: 
CGGATGAATGACGCAAAC; 125 bps.

GAPDH NM_001256799.2, At 
436–653 position

Forward: AATCCCATCACCATCTTC; Reverse: 
AGGCTGTTGTCATACTTC; 218 bps.
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Overexpression of TRIM11 contributes to the 
tumorigenesis of lung cancer cells

H1975 cells were transfected with the TRIM11 overexpression 
vector. Figure 3a,h show that the mRNA level of TRIM11 in 
H1975 cells was significantly increased in the TRIM11 over-
expression group compared with the control vector, suggesting 
successful TRIM11 overexpression in H1975 cells. After trans-
fection, cell proliferation, colony formation, cell apoptosis, 
2-NBDG uptake ability, and secretion of LD were assessed. 
Our results showed that TRIM11 overexpression time- 
dependently promoted lung cancer cell proliferation (Figure 
3b), significantly enhanced colony formation (Figure 3c), 
reduced cell apoptosis (Figure 3d), increased LD secretion 
(Figure 3e), and increased the uptake of 2-NBDG by H1975 
cells (figure 3f). These findings demonstrate that TRIM11 over-
expression favors the tumorigenesis of human lung cancer 
cells.

The effects of TRIM11 overexpression on protein expres-
sion of DUSP6, p-ERK1/2, and PKM2 were also measured. We 
found that TRIM11 overexpression obviously enhanced 
p-ERK1/2 and PKM2 expression, and reduced DUSP6 expres-
sion in human lung cancer cells (Figure 3g). TRIM11 over-
expression enhanced PKM2 mRNA expression, but had no 
effect on DUSP6 expression (Figure 3h).

TRIM11 regulates tumorigenesis of lung cancer cells, 
probably via the DUSP6-mediated ERK1/2 signaling 
pathway

H1975 cells were transfected with the vector/USP6N overex-
pression vector. Figure 4a shows that both DUSP6 mRNA and 
protein expression were significantly enhanced in the DUSP6 

group when compared with the vector. This finding suggests 
successful establishment of DUSP6 overexpression within 
H1975 cells.

Next, the mechanisms by which TRIM11 regulate the 
tumorigenesis of lung cancer cells was studied. To this end, 
H1975 cells with TRIM11 overexpression were treated with 
dominant-negative MEK1 (an inhibitor of the ERK1/2 path-
way), or H1975 cells were transfected with both TRIM11 and 
DUSP6 overexpression. Our data show that DUSP6 and dn- 
MEK1 significantly reduced the concentration of LD in the cell 
culture supernatant (Figure 4b), decreased the uptake of 
2-NBDG by H1975 cells (Figure 4c), inhibited cell proliferation 
in a time-depended manner (Figure 4d), induced apoptosis 
(Figure 4e), and down-regulated the protein levels of PKM2 
and p-ERK1/2 in H1975 cells transfected with vector or 
TRIM11 overexpression. Given the roles of TRIM11 in regu-
lating DUSP6 and ERK1/2, our data suggest that TRIM11 
influences the tumorigenesis of NSCLC cells via DUSP6 and 
the ERK1/2 pathway.

TRIM11 regulates DUSP6 ubiquitination

Co-IP was performed to explore whether TRIM11 was asso-
ciated with DUSP6. We found that TRIM11 bound DUSP6 
within H1975 cells (Figure 5a,b).

To examine whether TRIM11 controls DUSP6 ubiquitina-
tion, we immunoprecipitated DUSP6 from siTRIM11 trans-
fected H1975 cells, and then immunoblotted DUSP6 ubiquitin 
by western blot. Our data suggest that ubiquitinated DUSP6 
was significantly reduced in siTRIM11 when compared with 
siNC (Figure 5c), demonstrating that TRIM11 may be an 
ubiquitinase that enhances DUSP6 ubiquitination.

Figure 1. Expression of TRIM11 and DUSP6 in the lung tissue of patients with NSCLC, assessed by IHC assay. Ten cases of tumorous and precancerous lung tissues were 
analyzed. The representative images and the quantification of positive staining are shown. Magnification: ×200. **P < .01 vs. precancerous lung tissue.
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Knockdown of TRIM11 suppresses the tumorigenicity of 
A549 cells in nude mice

After injecting nude mice with siNC/siTRIM11-transfected 
A549 cells, the tumor volume (from the 12th to 33rd day), 
tumor weight (on the 33th day), and tumor histopathology 

were examined. Our data show that siTRIM11 significantly 
inhibited both the tumor volume and tumor weight (Figure 
6a,b, all P < .01), attenuated histomorphological changes 
related to tumorigenesis (Figure 6c), and promoted apoptosis 
in tumor tissues (Figure 6d). These effects were associated with 
a reduction in TRIM11, PKM2, and p-ERK1/2, and an increase 

Figure 2. Knockdown of TRIM11 inhibited the tumorigenesis of NSCLC cells, up-regulated DUSP6, and inhibited ERK1/2 activity. (a) mRNA levels of TRIM11, measured by 
RT-PCR. (b) Proliferation, (c) colony formation, and (d) apoptosis of A549 and H446 cells, assessed by CCK8, colony formation assay, and flow cytometry, respectively. (e 
and f) siTRIM11 inhibited the glucose metabolism of A549 and H446 cells by decreasing the secretion of LD and the uptake of 2-NBDG. (g) Western blot analysis showed 
that siTRIM11 remarkably down-regulated TRIM11, PKM2, and ERK1/2, and up-regulated DUSP6 in A549 and H446 cells. **P < .01 vs. siNC.
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in DUSP6 when compared with the siNC group (Figure 6d). 
These findings suggest the involvement of TRIM11 and its 
potential association with the ERK1/2 pathway and DUSP6 in 
lung cancer in vivo.

Discussion

Herein, by analyzing the protein expression of TRIM11 and 
DUSP6 in lung cancer tissue using IHC assay (Figure 1), we 
found that TRIM11 was elevated, and DUSP6 was reduced in 
human lung cancer. Previous evidence has suggested that 
siTRIM11 mediates the inhibition of ERK1/2 activation, 
which is usually tracked in tandem with the promoted levels 
of DUSP6 in human lung cancer.6 Therefore, we studied the 
roles of TRIM11 in human NSCLC, and its association with 
DUSP6 in this process.

In the present study, the functions of TRIM11 in lung 
cancer were further investigated. Our data suggest that knock-
down of TRIM11 regulates glucose metabolism by inhibiting 
2-NBDG uptake and reducing the secretion of LD, both of 

which are associated with cell proliferation and increased 
apoptosis (Figure 2). On the contrary, TRIM11 exerted the 
opposite effect (Figure 3), substantiating that TRIM11 is an 
oncogene in human lung cancer. We also confirmed that dele-
tion of TRIM11 in human lung cancer tissue improves the 
pathological conditions of the tumor lung tissue (Figure 6).

PKM2 is known as an isoenzyme of the glycolytic enzyme 
pyruvate kinase. Up-regulation of PKM2 promotes tumor 
growth and is responsible for the high glucose metabolism in 
human lung cancer,11,12 but its mechanism of action remains 
unclear. A previous report has demonstrated an inverse corre-
lation between TRIM25 and PKM2 expressions (P = .026) in 
NSCLC.13 In this study, we found that knockdown of TRIM11 
significantly decreased PKM2; however, the overexpression of 
TRIM11 obviously enhanced PKM2 in human lung cancer 
cells, suggesting that TRIM family members play different 
roles in regulating PKM2 expression.

The ERK pathway is frequently over-activated in human 
lung cancer and can promote lung cancer cell 
tumorigenesis.14,15 The inhibition of ERK1/2 is often tracked 

Figure 3. Overexpression of TRIM11 promoted the tumorigenesis of NSCLC cells, down-regulated DUSP6, and promoted ERK1/2 activation. H1975 cells were infected 
with lentivirus overexpressing TRIM11. (a) RT-PCR showing the mRNA levels of TRIM11. (b) CCK8 for proliferation assay; (c and d) flow cytometry for apoptosis assay; (e) 
LD secretion, assessed by a commercial Kit; and (f) 2-NBDG uptake, measured by a biochemical analysis method. (g) Western blot analysis showed that TRIM11 
remarkably up-regulated TRIM11, PKM2, ERK1/2, and down-regulated DUSP6 in H1975 cells. (h) RT-PCR showing the mRNA levels of TRIM11, PKM2, and DUSP6. ##P < .01 
vs. vector.
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in tandem with the promoted levels of DUSP6, an ERK1/ 
2-specific phosphatase that negatively mediates ERK activity 
in human lung cancer.16 Unlike TRIM11, we found that 
DUSP6 exerted tumor-suppressive effects in human lung can-
cer cells by regulating tumor cell proliferation and apoptosis, as 
well as 2-NBDG uptake and LD secretion; this process was 
associated with inactivation of the ERK1/2 pathway.

Our data show that TRIM11 suppresses DUSP6 at the 
protein level, yet, but has no clear effect on DUSP6 at the 
mRNA level (Figure 3g,h). As DUSP6 can be degraded by 
ubiquitination,17 we studied whether and how the ubiquitin 
E3 ligase TRIM11 interacts with DUSP6. Our results firstly 

suggest that siTRIM11 inhibits the ubiquitination of DUSP6, 
thus favoring the accumulation of DUSP6. Given the roles of 
DUSP6 in regulating the ERK1/2 pathway, we can deduce that 
TRIM11 regulates the tumorigenesis of lung cancer cells, prob-
ably via the DUSP6-mediated ERK1/2 signaling pathway.

In conclusion, we confirmed the oncogenic activities of 
TRIM11 in human lung cancer both in vitro and in vivo. 
Moreover, increased PKM2 expression and promotion of 
the DUSP6-mediated ERK1/2 pathway activation were the 
underlying mechanisms of the observed carcinogenesis. 
TIRM11 likely activates the ERK1/2 pathway by promoting 
DUSP6 ubiquitination. Our research suggests that targeting 

Figure 4. The DUSP6 and ERK1/2 inhibitor dn-MEK1 attenuated TRIM11-induced tumorigenesis of H1975 cells. (a) Successful DUSP6 overexpression in H1975 cells. Both 
DUSP6 and dn-MEK1 significantly inhibited (b) the secretion of LD, (c) the uptake of 2-NBDG, and (d) the proliferation of H1975, but decreased (e) H1975 apoptosis. (f) 
Western blot analysis showed that DUSP6 and dn-MEK1 remarkably down-regulated PKM2 and p-ERK1/2 in H1975 cells transfected with TRIM11. ##P < .01 vs. vector, + 

+P < .01 vs. TRIM11.
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Figure 5. TRIM11 was associated with DUSP6, and regulated the ubiquitinoylation of DUSP6 in human H1975 cells transfected with TRIM11. Following co- 
immunoprecipitation with (a) anti-DUSP6 antibody and (b) anti-TRIM11 antibody, the presence of TRIM11 and DUSP was measured by western blot. (c) The presence 
of DUSP6 in TRIM11-transfected HCT116 cells was immunoprecipitated with DUSP6 antibodies and immunoblotted with anti-ubiquitin antibodies.

Figure 6. Knockdown of TRIM11 inhibited the tumorigenicity of A549 cells in a xenograft model. Nude mice were injected with siNC/siTRIM11-transfected A549 cells 
(5 × 106 cells, 100 μl) (n = 6 in each group). (a) Tumor volume (mm3) from the 12th to 33rd day; (b) tumor weight (g) on the 33rd day; (c) histopathology images of the 
tumor determined using HE, and (d) apoptosis in the tumor was analyzed by TUNEL staining. (e) Protein levels of TRIM11, DUSP6, PKM2, and ERK1/2 in tumors, assessed 
by western blot. **P < .01 vs. siNC.
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TRIM11 may represent a novel therapeutic target in human 
NSCLC treatment.
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