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TRIM25 enhances EGFR stability and signaling activity to promote
lung cancer progression
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Abstract: Mutation and amplification of epidermal growth factor receptor (EGFR), one of the most important
driver gene, are both reported to participate in the regulation of lung cancer development and progression. Here we
investigated the effect and molecular mechanism of tripartite motif 25 (TRIM25) in the regulation of development
of lung cancer. CCK-8 and Transwell assays were used to explore the tumor-promoting effect of TRIM25. Results
showed that knockdown of TRIM25 significantly inhibited cell proliferation (34% inhibition rate) and invasion
(42% inhibition rate). Gene set enrichment analysis (GSEA), Western blot and immunohistochemistry were adopted
to detect the effect of TRIM25 on EGFR expression and its downstream signal activity. The results explained
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that TRIM25 not only up-regulated the expression level of EGFR, but also promoted EGFR signal activation.
Co-immunoprecipitation, real-time PCR and cycloheximide (CHX) inhibit protein degradation assays were employed
to explore the molecular mechanism of TRIM25 in regulating EGFR stability. Preliminary exploration results
indicate that TRIM25 increases the expression level of EGFR and activates its downstream signaling activity
through promoting K63-linked ubiquitination of EGFR. Restoration of EGFR expression rescues the phenotype of
TRIM25 depletion. In A549 cells, overexpression of EGFR increased cell proliferation rate 1.5-fold and invasion
rate 1.6-fold compared with knockdown of TRIM25 cells. Similarly, in H1975 cells, cell proliferation rate was
enhanced 2-fold and invasion rate was improved 1.7-fold. These data suggest that TRIM25 promotes lung cancer
development via maintaining EGFR stability and continuous EGFR signaling activation. The human lung cancer
tissues were obtained from lung cancer patients at Cancer Hospital Chinese Academy of Medical Sciences.
Informed consent was obtained from all participants in accordance with the Declaration of Helsinki. The study was
approved by the Ethics Committee of the Cancer Hospital Chinese Academy of Medical Sciences.
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g1, TRIM25 5 {2 % 5 1 EGFR 1] fE 47 7F — & [ B
Z, TRIM25 1] f¢ 3d 1 1 715 EGFR A5 5 10 I, & 3 (2 i
JIIRE . 24 NIk, KA CERIE TRIM25 5 EGFR
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ol 1) S TR B, S0 VR 2, % B 10 min J5 4 °C .10 000 xg
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7500 xg &0 5 min, 7 FIF = iR BT 5 I RNA &
Ffe TG o

RNA T 5% 5 cCDNA - 2 B 4% sl ) i B 5
4 RNA 0 5 5% i cONA. 51 ) i B 1R E Y HAR
HIRAF AR, 75040 F Frs: EGFR F: 5-GACAGG
CCACCTCGTCG-3'; EGFR R: 5-TGCGTGAGCTTGT
TACTCGT-3; TRIM25 F: 5- AGAGCCTGACCAAGA
GGGAT-3"; TRIM25 R: 5'-GTGGATTTGTGTGTGGA
CGC-3'; Actin F: 5'-AGAGCTACGAGCTGCCTGAC-

3" Actin R: 5-AGCACTGTGTTGGCGTACAG-3'.

Q-PCRIZN.  [MNAAZ (20 uL) Wi F: SYBR Premix
ExTagTM 10 pL, 2 & 77K 6 uL, L FIHE5I 9% 1 L,
PR CDNA 2 ubo A5 S Nt FE 40 R 2 95 °CHUAR P4
30 s, #EATEIR, 95 °CAE M 5's, 60 °CiE K Al ZE 14 30 s,
TERIRELA0 K. LU ActinfE A 2, ¥ AT /3 CHE 4% 1]
2R VR AT AL HE

Western blot (WB) W 4E 41 i, I N2 fg, &
T UK 24 30 min, 4 °C .12 000 r- mint & > 30 min,
WS b, W E LR U B SR AT o AR, N
5x b RELE PRI, 98 °CAE 1 10 min, K (A FE M BET R A
K55 T e 5% e PR UK, TR VRS T, 5% M AR 2R 5 == IR 1A
05h,4°C—HiiE &I, X H, H TBST B K bt %
3K, B 10 min, SOANAHR. —H =R E 2 h, BRI
3% J5 M\ ECL solution #4725 .

RNAI S£36  TRIM25 siRNA H ™ M 6 18 4 4 B
FABR ARG R, 750K si-h-TRIM25_001, GCAA
ATGTTCCCAGCACAA:;si-h-TRIM25_002,CCTGAGC
TCCTGGAGTATT. & Al T 6 FLAKk 1, F5 I
WA IER, B TRIM25 siRNAFRET 100 pL [ RPMI-
1640 1, B A2 215 F34h, ¥4 Lipofectamine RNAi MAX
2 pL B BT 100 pl 19 RPMI-1640 tf, =i i & 5 min
J&, B &4 Lipofectamine RNAI MAX (5% 357 J£ 3 in £
A SIRNA [ IR b B A2 2], IR E 5 minJ5
FmE g
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1A 3 YR, AR 3 min, N B T (L1 200 R,
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EELGE

REANREE KR EA D) R AT 60 °CiF AR
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2.1 3 min, 70% Z. B 3 min, —AH7K 3 min; A )
BRAMSBRIUR I, TR B R, 2 5%
A =R 5, — MK 5 min, PBS 5 min, 0.5% Triton i&
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Win—dr4°Cir g4 ) H, FH PBS{E Y 3 5% N
AR 90, SR H 2 h, PBSTE PR3k . DAB &1,
—AHAKBE, 3R Z e U B, 1T 1% SRRV R, R
/K i& ¥ 15 min J5, 70% £ B 3 min, 80% Z. B% 3 min,
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K, R R E B

% & 3£ U 3E £ B (Co-immunoprecipitation,
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K NIBOCEAE (A), T E 4IRS 7T .
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FH T it ¥ A WAL £ 41 Y Ji5 PBS 7 e 1~2 9k, 6 I 3
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F¢ 2 Transwell /s 25 4 () B 5% 2%, I PBS 15 U /) % b
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BB DA BRI

GSEA 43t M http://xena.ucsc. edu/I 3% T %% i
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28 TRIM25 1A SR AT HEY, 7T 20% & (n = 116)
M5 20% (n = 116) 73 75 4% I\ v /2 TRIM25 i ik 4H
A TRIM25{K K IA4H . M http://software.broadinstitute.

org/gsea/index.jsp ¥ 3l T~  EGFR (BIOCARTA_EGF_

PATHWAY). RAS (BIOCARTA_RAS_PATHWAY) Al
ALK (BIOCARTA_ALK_PATHWAY) % A % . iz f]
GSEA #1443 il % TRIM25 75 26 ik 41 Fl A 2% ik 41 o
EGFR.RAS.ALK {5 58 T & £ 0. Hd FDR/E
(false discovery rate) /NT0.25 # A1y FLAT o 1k 2= 57

FitF oM LR -FHES IR L, i

mean + SEM % 7, 1 il Graphpad Prism 5 4t it 43 #T 4k
PEEAT BOHE Geut AT B, R 06 % A 1 1) 22 5, A
() E 4 L AR B R 25 7 22 43 i (one-way ANOVA),
B MESS R P P<0.01 84 P<0.001 &K,

FER
1 BSFREMTRIM25 5l RMGIEMRX

N T BRI TRIM25 [ 335 7K 7 5 fili e 2 5 A BT
Ja Z 9% &, AR FE %6 H R2: Genomics Analysis
and Visualization Platform (http://r2.amc.nl) #1747 %
Iy M, G R IR 2 3k TRIM25 (14 fiti Ji2 8 % 45 77 97 8
BT ik TRIM25 [ 8 (BI1A). A Ep ksl
I e K5 v iR 2H 23RN e 55 4H 23 TRIM25 8] 3R 1A
KA, &5 S8R g 20 21 b TRIM25 [ 3R 18 /K7 2 3%
TS (E1B). FH TRIM25 K 7 14 siRNA i
I i 92 41 10 AS49 ) TRIM25, 45 5 &% B, 5 06} 8 40
AH L, R TRIM25 ASAN A0 il 8 248 it 1 5, FC A0 of) 22
N 34% (& 1C); 1 HLFRAR 1 i 23 40 i 1) 12 28 e 7y, HE
N A 42% (B 1D). LA g5 SRR, il 4140
FAK ) TRIM25, i 3F 1 iti e 20 i 1) S B AN 42 2%, JF 5
it AN R T fS TEAH G
2 BhELALAH TRIM25FEGFR 2FMEx%

B S IR s #9% JE A (irsten rat sarcoma viral on-
cogene homologue, KRAS) 78 4% . EGFR 7% 48 Fl i ¥ 5
PDIUE AH DG 1 4- 18] A8 PRk B8 B (echinoderm mi-
crotubule-associate protein-like 4- anaplastic lymphoma
kinase, EML4-ALK) il & /2 Jifi Ji 4 8 i #% Hp B DL 1)
JUANIRENFE R . T TCGA it B B g, i 4
FIF GSEA J5 40 1 T TRIM25 53X JLAN R 3£ K 2
[ )R &R, 45 3 o =R 18 TRIM25 B EGFR {5 5 &
=& % (B 2A); (HIXFhIL R AE RAS Fl ALK {5 5 i 2%
HIEAAEALE (2B C)o R HH 4 38 B 8 Xt Jiti S 26 3 fieb
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B 5y KAk TRIM25 [ B8 3, M a8 2H 234 EGFR 1)
Tk gt (K 2D). Gk ARSI 25 3k — 5 B
fifi 5 4024 b TRIM25 5 EGFR 2 A # ik K F B A B I
) IEAH G PE (B 2EWF). DL g R, Jilide 41 21
TRIM25 F1 EGFR £ IEAH %, 1X 4278 TRIM25 1] e id it
P77 EGFR B EGFR A5 518 % K #E (2 i 83 T e
3 BUETRIM25 NHEGFREETIES

AT HHIE TRIM25 72 15 2 5 EGFR 1 77, At
52 F) FH TRIM25 5 5 P sSIRNA il 115 il 98 21 it & A549
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A 1E H1975.PC-9 %5 il 41 g R b 045 2] 1 —
4R (EI3A). BhAt, 5% R4 A bb, R M il s 41
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Figure 1  Tripartite motif 25 (TRIM25) positively correlates with poor survival of lung cancer patients and promotes tumor proliferation

and invasion. A: Overall survival of patients with lung cancer stratified by R2: Genomics Analysis and Visualization Platform (http://r2.amc.nl)

according to TRIM25 expression level. Patients were divided into 2 groups: high TRIM25 expression vs low TRIM25 expression; B: Western

blot (WB) analyses of TRIM25 expression in human lung cancer tissues (T) or in the adjacent normal tissues (N); C: Cell proliferation was

measured by CCK-8 assay in A549 cells transiently transfected with control-siRNA or TRIM25-siRNAs; D: The invasive capacities of A549

cells transfected with control-siRNA or TRIM25-siRNAs were evaluated with Transwell assays. n = 3, mean + SEM. "P<0.01
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Rab11 ff3t e {7 2 25 el /b, 1 32 ZEA LAMPL e £ (&
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Figure 2 TRIM25 positively correlates with EGFR signaling and expression in lung cancer. A-C: GSEA enrichment plot for the "EGFR
signaling”, "RAS signaling" and "ALK signaling" gene modules in TRIM25-high or TRIM25-low groups; D: WB analyses of TRIM25 and
EGFR expression in human lung cancer tissues; E: Correlation between TRIM25 and EGFR expression in lung cancer patients. The P value
is measured by Spearman's rank correlation test; F: Representatives of immunohistochemical staining of TRIM25 or EGFR expression in
tumor tissue sections from the same patients. EGFR: Epidermal growth factor receptor; RAS: Rat sarcoma; ALK: Anaplastic lymphoma
kinase; FDR q: False discovery rate g value; NES: Normalized enrichment score. n = 3, mean + SEM
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Figure 4 TRIM25 maintains EGFR stability. A: The mRNA levels of TRIM25 and EGFR were detected by quantitative PCR (qPCR) in
Ab549 cells transiently transfected with control-siRNA or TRIM25-siRNA; B: Protein stability of EGFR was determined by cycloheximide
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Figure 5 EGFR stability was maintained by K63-linked ubiquitination. A: Co-immunoprecipitation showed interaction between TRIM25

and EGFR; B: Immunostaining images shows co-localization of TRIM25 and EGFR; C: The ubiquitination level of EGFR was detected in
control or TRIM25-silenced A549 cells; D: The K63-linked ubiquitination of EGFR was detected by WB; E: The K48-linked ubiquitination

of EGFR was detected by WB
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Figure 6 TRIM25 promotes lung cancer cell proliferation and invasion via maintaining EGFR signal. A-B: The proliferation and invasion
of A549 cells and H1975 cells were evaluated through CCK-8 (A) and Transwell (B) assays, respectively; C: WB analyses of EGFR and its
signaling proteins in A549 cells treated as indicated. n = 3, mean = SEM. "P<0.01, ""P<0.001
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