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Abstract
Background The TRAF-interacting protein (TRAIP) has been identi�ed as a master regulator of DNA
damage and implicated in the progression of human cancers. Yet the underlying mechanism of TRAIP-
mediated malignant phenotype remains unclear.

Methods The expression of TRAIP in hepatocellular carcinoma (HCC) was examined by qRT-PCR, western
blot and immunohistochemistry. The clinical signi�cance of TRAIP was determined by Kaplan-Meier
survival analyses. The biological function and the underlying mechanism of TRAIP in HCC progression
were investigated, using cellular and molecular biological experiments.

Results Here, we show that TRAIP is upregulated in HCC and functions as an oncogene via Rb/EZH2/p21
signaling. Overexpression of TRAIP, at both mRNA and protein levels, is correlated with more aggressive
clinicopathological features, and unfavorable overall and disease-free survivals. In vitro experiments
demonstrate that ectopic expression of TRAIP enhances, whereas knockdown of TRAIP attenuates HCC
cell proliferation. Further data show that TRAIP interacts with SPAG5 in HCC cells, which results in the
stabilization of TRAIP protein. TRAIP overexpression suppresses the expression of Rb, subsequently
leading to the increase of EZH2 and decrease of p21. Re-expression of Rb and p21 signi�cantly inhibits
TRAIP-mediated cell growth.

Conclusion Collectively, our �ndings suggest TRAIP exert oncogenic activity and have prognostic and
therapeutic potential in HCC.

1. Background
Hepatocellular carcinoma, representing approximate 80% of liver caners, is one of the leading causes for
cancer-related death in many parts of the world [1, 2]. Rational approaches have been developed to
prevent HCC and curb the overall mortality [3]. However, due to the majority of patients were diagnosed at
an advanced clinical stage, especially in Eastern Asia and sub-Saharan Africa, cancer-speci�c mortality
still continues to climb [3]. Substantial advances have been made to understand the detail mechanism of
tumor transformation and HCC progression [4, 5]. Accumulating �ndings of factors contributing to the
development of targeted drugs, systemic therapy for HCC patients has made great progress [4, 5].
Undoubtably, identi�cation of potential prognostic and therapeutic markers is critical for decreasing the
global burden of HCC.

Genomic instability, one of the key hallmarks of human cancer, is attributed to the defects in DNA
damage response and replication stress. Those defects have been potentially exploited to develop
effective cancer therapy and thereby improve patient outcomes [6]. Tumor necrosis factor receptor-
associated factor (TRAF) interacting protein (TRAIP) has been recently identi�ed as a master regulator of
DNA damage [7, 8]. TRAIP interacts with PCNA and is involved in the regulation of cell proliferation and
apoptosis [9–11], partly through its activity of E3 ubiquitin ligase [12]. Contradictory data have been
reported for the role of TRAIP in human cancers. On one hand, TRAIP enhances DNA damage–induced
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NEMO ubiquitination to suppress the myeloma cell proliferation [13]. TRAIP is upregulated by acetylation
of mutp53R158G to inhibit the activation of oncogenic NFκB signaling to induce cell apoptosis in lung
cancer [14]. On the other hand, TRAIP works with Aurora A to modulate NFκB signaling to enhance the
chemoresistance in Acute Myeloid Leukemia [15]. Knockdown of TRAIP in HCC led to cell apoptosis and
G1/S phase arrest [16]. TRAIP is targeted by miR-4775 and promotes cell growth and migration in lung
cancer [17]. These data may suggest the biological function of TRAIP affecting cancer progression
depends on cellular content.

Using tissue microarray-based histochemistry assay and in vitro cell experiments, we intended to
determine the expression and clinical signi�cance of TRAIP in HCC, and to investigate the role of TRAIP in
HCC cell proliferation and the underlying mechanism. Our data suggest TRAIP as an oncogene to
promote HCC progression and a promising prognostic factor for the patients with HCC.

2. Materials And Methods

2.1 Patients
Clinical samples including 53 pairs of fresh tissues and 384 para�n-embedded tissues were collected in
Sun Yat-sen University Cancer Center (SYSUCC), Guangzhou, China. Prospective collection of
clinicopathological data of the 384 patients with HC were obtained. All patients in this study provided
written informed consents and received no chemotherapy or radiotherapy before surgical resection. This
study was approved by the SYSUCC Institute Research Ethics Committee. Gene Expression Omnibus
(GEO), Oncomine, The Cancer Genome Atlas (TCGA) databases were used to con�rmed the upregulation
of TRAIP in HCC.

2.2 Cell culture and transfection
The HCC cell lines (LM3, MHCC97L, MHCC97H, PLC8024, HepG2, Huh7, Hep3B) were purchased from the
Cell Resource Center, Chinese Academy of Science Committee (Shanghai, China), and cultured by
Dulbecco’s modi�ed Eagle’s medium (DMEM) (Gibco, Gaithersburg, MD, USA) supplemented with 10%
heat-inactivated fetal bovine serum (FBS, Hyclone, Logan, UT). HepG2 and Huh7 cells were transfected
with overexpression vector encoding full-length human TRAIP cDNA or TRAIP shRNAs, using
Lipofectamine 2000 (Invitrogen). pcDNA 3.2(+) vector and scramble shRNA were used as negative
controls. Cells were then selected by 500 mg/L G418 for 14 days to construct stable cell lines. The
targeted sequences for TRAIP shRNAs and EZH2 siRNA were as followings: TRAIP shRNA #1, 5’-
UUACACCUCAGGCUGGUCCCG-3’; TRAIP shRNA #2, 5’-CCCAGCATGGTTACTACGAAA-3’; EZH2 siRNA, 5′-
AGUCUCAUGUACGCTGACUCUG-3′.

2.3 Quantitative real-time polymerase chain reaction (qRT-
PCR)
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The mRNA expression level of TRAIP was determined by qRT-PCR, using a SYBR Green real-time assay.
Total RNAs were extracted from cells using the Trizol reagent (Invitrogen, CA, USA) according to the
manufacturer’s instruction. One microgram of RNA sample was reverse transcribed using the Superscript
III enzyme (Invitrogen, CA, USA) to obtain single-stranded cDNA. Real-time PCR was then performed on
cDNA in an iQ Sybr Green Supermix (Bio-Rad) with gene-speci�c primers. The following primers were
used: TRAIP, forward: 5'-TGCTGTCTCAAACCACTGAA-3' and reverse: 5'-CACTATCTGCTCCGACTTCTTC-3';
β-actin, forward: 5′-TGGCACCCAGCACAATGAA-3′ and reverse: 5′-CTAAGTCATAGTCCGCCTAGAAGCA-3′.

2.4 Western blot
Expression of TRAIP, Rb, p21, EZH2, p53 and SPAG5 was determined by western blot, using the protocol
as in our previous study [18]. The primary antibodies were listed as followings. TRAIP (1:500, #ab80170,
Abcam), SPAG5 (1:500, Sigma-Aldrich), EZH2 (1:1000, #5246, Cell Signaling Technology), p21 (1:1000,
#2947, Cell Signaling Technology), p53 (1:1000, #2524, Cell Signaling Technology), Rb (1:1000, #9309,
Cell Signaling Technology), β-actin (1:1000, #4970, Cell Signaling Technology).

2.5 Immunohistochemistry (IHC)
IHC was used to examine the expression of TRAIP in HCC tissues. Para�n embedded sections were
dewaxed in xylene (3 × 5 min) and dehydrated in ethanol series (3 min in 100% ethanol, 1 min in each of
95% and 70% ethanol). Sections were washed in PBS and endogenous peroxidases were blocked with 3%
H2O2 for 10 min. The tissue sections were subjected to antigen retrieval by pressured cooking in 10 mM
citrate buffer for 3 min, and then incubated with serum blocking solution for 20 min to block nonspeci�c
binding, followed by incubation with primary antibodies for 2 h at room temperature. After rinsing in PBS
for 10 min, the sections were incubated with the biotinylated secondary antibody for 1 h and further
incubation with the Streptavidin Biotin complex. Reactivity was developed in chromogen DAB (3,3-
diaminobenzidine) solution. The signal was enhanced by applying the solution of CuSO4 and NaCl for
5 min. Finally, the sections were counterstained with Mayer’s hematoxylin, dehydrated, and mounted. All
sections were observed under light microscopy and the staining intensities were assessed by two
independent pathologists (Yang YF and Cao Y). Nucleus staining was graded for intensity (0-negative, 1-
weak, 2-moderate, and 3-strong) and percentage of positive cells [0, 1 (1–24%), 2 (25–49%), 3 (50–74%),
and 4 (75–100%)] with discrepancies resolved by consensus. The H-scores for tumors with multiple cores
were averaged. The median IHC score was used to de�ne high FMNL1 expression and low FMNL1
expression groups.

2.6 Colony formation
Stable cells with TRAIP overexpression or knockdown were culture in 6-well plates at a density of 1.0 × 
103 per well by medium plus G418 for 10 days. Colonies were �xed with methanol, stained with 0.1%
crystal violet, pictured, and counted under a microscope.

2.7 5-Ethynyl-2’-deoxyuridine (EdU) staining
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The effect of TRAIP on HepG2 and Huh7 cell proliferation was assessed by EdU staining, using the
KeyFluor488 Click-iT EdU Imaging Kit (KeyGEN BioTECH, Nanjing, China).

2.8 Coimmunoprecipitation (co-IP)
Proteins were extracted by radioimmunoprecipitation assay buffer supplemented with proteinase
inhibitor cocktail. Primary antibodies were added for 2.5 h. Protein A/G beads were added for an
additional 2 h. Precipitated proteins were dissolved in SDS loading buffer and fractionated by SDS-PAGE.

2.9 Statistics
Difference of TRAIP expression in HCC and nontumorous tissues was revealed by Student’s t-test. Data
are mean and SEM from three independent in vitro experiments. Signi�cance between groups was
calculated by the Student’s t-test. Survival analyses were conducted by KaplanMeier analyses (log-rank
test). Differences were considered signi�cant for P-values less than 0.05.

3. Results

3.1 TRAIP expression is increased in HCC tissues
The expression of TRAIP was dysregulated in human cancers. According to TCGA data, TRAIP mRNA
was upregulated in most of the gastrointestinal cancers, including colon adenocarcinoma (COAD),
esophageal carcinoma (ESCA), liver hepatocellular carcinoma (LIHC), pancreatic adenocarcinoma
(PAAD), rectum adenocarcinoma (READ), and stomach adenocarcinoma (STAD). The biggest difference
was recorded in HCC (Supplementary Fig. 1). Therefore, we then examined the mRNA expression of
TRAIP in 53 pairs of fresh HCC specimens. qRT-PCR results showed that TRAIP mRNA level in HCC was
much higher than that in nontumorous tissues. In most of the individuals in SYSUCC cohort, TRAIP
mRNA expression was upregulated (Fig. 1A). Similarly, the mRNA expression of TRAIP in HCC tissues of
TCGA cohort was signi�cantly increased, compared with the nontumorous tissues (Fig. 1B). Strikingly, the
advanced tumor (higher tumor stage, higher pathological grade, tumor metastasis, higher serum AFP
level), the higher level of TRAIP mRNA expression (Fig. 1C-F). The increase of TRAIP mRNA in HCC was
also con�rmed in other studies in Oncomine database (supplementary Fig. 2).

The protein expression of TRAIP was next examined to con�rm the upregulation of TRAIP in HCC tissues.
Nine pairs of clinical fresh specimens were used in western blot analyses to compare the expression of
TRAIP protein in HCC and nontumorous tissues. In line with the expression pattern of mRNA, TRAIP
protein expression was noticeably increased in HCC tissues, compared with the corresponding adjacent
liver tissues (Fig. 1G). A large cohort containing 384 patients with HCC was recruited for IHC staining.
Results showed that TRAIP was expression in both cytoplasm and nucleoplasm. In 78.6% (302/384) of
the cases, TRAIP expression in HCC was higher than that in nontumorous tissues (Fig. 1H). These data
suggest that TRAIP was upregulated in HCC.
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3.2 High expression of TRAIP is correlated with poor
prognosis in HCC
Analyses from TCGA cohort indicate that TRAIP expression was associated with tumor progression. We
next determined the clinical value of TRAIP in HCC. Patients were separated into two groups (Low and
High TRAIP), according to median IHC score in SYSUCC cohort and median mRNA expression value in
TCGA cohort. Kaplan-Meier analyses were conducted. High expression of TRAIP was signi�cantly
correlated with shorter overall and disease-free survival in both SYSUCC (Fig. 2A) and TCGA (Fig. 2B)
cohort, indicating that both mRNA and protein expression of TRAIP were helpful to differentiate patients
with good or poor prognosis. Further analyses using TCGA data revealed the prognostic implication of
TRAIP mRNA in multiple cancers. Signi�cant correlation of high TRAIP mRNA expression and
unfavorable overall and disease-free survivals was found in adrenocortical carcinoma (ACC), renal clear
cell carcinoma (KIRC), HCC (LIHC) and sarcoma (SARC). Collectively, TRAIP may serve as potential
prognostic factor in many types of human cancers.

3.3 TRAIP promotes cell proliferation in HCC
Since TRAIP expression was associated with tumor progression, we next investigated the biological
function of TRAIP in HCC cell proliferation. The expression of TRAIP was determined in seven HCC cell
lines and the immortalized liver cell line (L-02). According to the result of western blot, HepG2 and Huh7
cells were chosen for the further functional experiments (Fig. 3A). TRAIP overexpression vector and
shRNAs were introduced into the two cell lines, using Lipofectamine 2000, and then selected by G418 to
construct stable cell lines. The overexpression or knockdown of TRAIP mRNA and protein were con�rmed
by qRT-PCR and western blot (Fig. 3B&C). Cell counting experiment showed that cell proliferation was
enhanced by TRAIP overexpression, but suppressed by TRAIP silence (Fig. 3D). Colony formation was
performed to demonstrate that cells with TRAIP overexpression were able to form more and larger
colonies in 35 mm plates, whereas HCC cells lacking TRAIP expression hardly grew (Fig. 3E). The effect
of TRAIP in HCC cell proliferation was validated by EdU staining showing that more proliferating cells
were found in TRAIP-expressing HCC cells (Fig. 3F). These data suggest the oncogenic role of TRAIP in
HCC cells.

3.4 TRAIP interacts with SPAG5 in HCC cells
Using gene set enrichment analysis (GSEA) based on TCGA data, we found that many signaling
pathways, such as Spermatogenesis and Spliceosome (Fig. 4A&B), were commonly activated in HCC
cases with either TRAIP or SPAG5 overexpression. Our previous study demonstrated that SPAG5
functions as an important oncogene in HCC. Thus, we intended to investigate whether TRAIP corporates
with SPAG5 to promote HCC progression. Correlation analyses in TCGA cases showed a positive
correlation between TRAIP and SPAG5 expression (Fig. 4C). In paired HCC tissues collected from
SYSUCC, high TRAIP expression was signi�cantly associated with increased expression of SPAG5, at
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both mRNA and protein levels (Fig. 4D&E). We next performed confocal analysis to observe the
colocalization of the two proteins in cytoplasm in HepG2 and Huh7 cells (Fig. 4F), suggesting a direct
binding of TRAIP and SPAG5. Data of coIP experiments presented that TRAIP and SPAG5 were detectable
in the precipitant mediated by SPAG5 or TRAIP antibody in both HCC cell lines (Fig. 4G). Since TRAIP was
reported as a E3 Ubiquitin ligase, we suspected that TRAIP contributed to the protein stability of SPAG5.
Surprisingly, the interaction of TRAIP and SPAG5 led to the enhanced half-life of TRAIP but not SPAG5.
TRAIP protein was fast degraded in cells with SPAG5 knockdown (Fig. 4H). These data suggest that
TRAIP was stabilized via interaction with SPAG5 in HCC cells.

3.5 TRAIP triggers Rb/EZH2/p21 signaling in HCC cells
Current literatures reported contradictory roles in human epithelial and cancer cells through distinct
mechanisms. We next determined to uncover the signaling pathway through which TRAIP promoted HCC
cell proliferation. GSEA based on TCGA data indicated that Rb/EZH2, but not p53 pathway, was activated
in HCC cases with TRAIP overexpression (Fig. 5A-C). To test whether TRAIP triggers Rb/EZH2 signaling,
western blot was performed to examine the alteration of expression of relevant proteins. In HCC cells with
TRAIP overexpression, an increase of EZH2 and decreases of Rb and p21 were detected (Fig. 5D).
Previous studies demonstrated that Rb was able to modulate the expression of EZH2, and EZH2 was
capable of suppressing the expression of p21 in a p53-independent manner. Rb was upregulated in cells
with TRAIP silence, resulted in the downregulation of EZH2 and upregulation of p21 (Fig. 5E). We next
examined whether Rb/EZH2/p21 signaling mediated the oncogenic function of TRAIP. Colony formation
and EdU staining were performed. Overexpression of Rb and p21, and knockdown of EZH2 in TRAIP-
overexpressing cells markedly decreased the colony formation and EdU-positive cells (Fig. 5F&G). These
�ndings indicate TRAIP functions as an oncogene in HCC, at least partly, via regulation of Rb/EZH2/p21
signaling pathway.

4. Discussion
Defects in the DNA damage response (DDR) contributes to the genomic instability, and consequently aids
in cancer initiation and progression [19]. Understanding the factors involved in DDR offers targetable
vulnerabilities relatively speci�c to cancer cells, which may bring potential bene�t to clinical management
[20]. TRAIP, as a key regulator in DDR, exerts paradoxical activities in cancer progression. In this study,
TRAIP expression is signi�cantly increased in HCC tissues, and positively correlated with poor outcomes.
TRAIP exhibits oncogenic activity to promote HCC cell proliferation via Rb/EZH2/p21 signaling pathway.

Similar results were obtained in HepG2 cells with wildtype p53 and Huh7 cells with mutant p53,
indicating that the malignant behavior of TRAIP is p53-independent. Data of western blot demonstrated
that either overexpression or knockdown of TRAIP led to the alteration of wildtype or mutant p53
expression in HCC cells. Interestingly, a recent paper reported that treatment of belinostat/cisplatin
markedly increased the binding of mutant p53R158G, but not the wildtype p53, to the promoter of TRAIP to
increase its expression [14]. The chemotherapy-induced TRAIP upregulated the expression of TRAF2 to
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block the activation of NFκB, and �nally sensitize cancer cells to chemotherapy. Strikingly, upregulation
of TRAIP mediated by the acetylation of p53R158G induced the expression of p21 in p53−/− cells. Our data
also showed that ectopic expression of TRAIP in HCC cells dramatically upregulated p21 via impeding
the Rb-mediated suppression of EZH2. Several studies reported the relationship of Rb, EZH2 and p21 in
human cancers [21, 22]. Yet the detailed mechanism of TRAIP-mediated regulation of Rb/EZH2/p21 axis
required further investigation.

Previous study showed that TRAIP participated in cell cycle regulation in HCC, but the mechanism
remains unknown [16]. Data in our study that TRAIP-induced downregulation of Rb and p21, two
important genes controlling the process of cell cycle, may provide hints. In addition, in this study, we also
found that TRAIP was able to interact with SPAG5 that has been reported essential for cell division [23,
24]. The direct binding of TRAIP and SPAG5 resulted in the stabilization of TRAIP protein. Current
literatures reported the upstream regulation of TRAIP in cancer cells. LncRNA SLC7A11-AS1 induced
TRAIP expression via sponging miR-4775 that inhibited TRAIP transcript [17]. Mutant p53R158G increased
the expression of TRAIP during the cytotoxic stress [14]. E2F1 was identi�ed as a transcriptional factor
for TRAIP in Hela cells [25]. Interestingly, Rb gene was proved to be able to downregulate the TRAIP
mRNA transcription [25], which may suggest a negative feedback loop for TRAIP and Rb. Furthermore,
SPAG5 was capable of trigger c-Myc/E2F1 and PI3K/ATK pathways that act as the upstream of TRAIP
[24, 26]. Collectively, TRAIP may form several feedback loops with famous oncogenes or tumor
suppressors, making TRAIP as an ideal therapeutic biomarker in cancer.

5. Conclusion
In summary, we found that TRAIP expression was markedly increased in two independent cohorts
containing over 700 patients with HCC. The high expression of TRAIP mRNA and protein were correlated
with unfavorable overall and disease-free survivals. TRAIP overexpression promotes HCC cell
proliferation via Rb/EZH2/p21 signaling. Taken together, our �ndings suggest TRAIP as a promising
prognostic factor and an oncogene to promote HCC growth.

Declarations
Ethics approval and consent to participate: All patients in this study provided written informed consents.
This study was approved by the SYSUCC Institute Research Ethics Committee.

Consent for publication: All authors have read the manuscript and approved the submission.

Availability of data and material: The datasets during and/or analyzed during the current study available
from the corresponding author on reasonable request.

Competing interests: All authors declare no con�ict of interest.



Page 9/15

Author contributions: Conception and design of the study: Zhang CZ, Shen HM; Generation, collection,
assembly, analysis of data: Luo RZ, Li QL, Zhang MF, Zhang PW, Shen HM, Zhang CZ; Drafting and
revision of the manuscript: Luo RZ, Zhang CZ, Shen HM; Approval of the �nal version of the manuscript:
all authors.

Abbreviations: HCC, hepatocellular carcinoma; TRAIP, TRAF-interacting protein; GEO, Gene Expression
Omnibus; TCGA, The Cancer Genome Atlas; DMEM, Dulbecco’s modi�ed Eagle’s medium; IHC,
Immunohistochemistry; EdU, 5-Ethynyl-2’-deoxyuridine; co-IP, Coimmunoprecipitation; COAD, colon
adenocarcinoma; ESCA, esophageal carcinoma; LIHC, liver hepatocellular carcinoma; PAAD, pancreatic
adenocarcinoma; READ, rectum adenocarcinoma; STAD, stomach adenocarcinoma; GSEA, gene set
enrichment analysis; DDR, DNA damage response

Funding: Non applicable.

Acknowledgements: Not applicable

References
1. Mattiuzzi C, Lippi G: Cancer statistics: a comparison between World Health Organization (WHO) and

Global Burden of Disease (GBD). Eur J Public Health 2019.

2. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal A, Yu XQ, He J: Cancer statistics in
China, 2015. CA Cancer J Clin 2016, 66:115-132.

3. Yang JD, Hainaut P, Gores GJ, Amadou A, Plymoth A, Roberts LR: A global view of hepatocellular
carcinoma: trends, risk, prevention and management. Nat Rev Gastroenterol Hepatol 2019, 16:589-
604.

4. Llovet JM, Villanueva A, Lachenmayer A, Finn RS: Advances in targeted therapies for hepatocellular
carcinoma in the genomic era. Nat Rev Clin Oncol 2015, 12:436.

5. Qiu Z, Li H, Zhang Z, Zhu Z, He S, Wang X, Wang P, Qin J, Zhuang L, Wang W, et al: A
Pharmacogenomic Landscape in Human Liver Cancers. Cancer Cell 2019, 36:179-193 e111.

�. Pilie PG, Tang C, Mills GB, Yap TA: State-of-the-art strategies for targeting the DNA damage response
in cancer. Nat Rev Clin Oncol 2019, 16:81-104.

7. Harley ME, Murina O, Leitch A, Higgs MR, Bicknell LS, Yigit G, Blackford AN, Zlatanou A, Mackenzie
KJ, Reddy K, et al: TRAIP promotes DNA damage response during genome replication and is mutated
in primordial dwar�sm. Nat Genet 2016, 48:36-43.

�. Wu RA, Semlow DR, Kamimae-Lanning AN, Kochenova OV, Chistol G, Hodskinson MR, Amunugama
R, Sparks JL, Wang M, Deng L, et al: TRAIP is a master regulator of DNA interstrand crosslink repair.
Nature 2019, 567:267-272.

9. Feng W, Guo Y, Huang J, Deng Y, Zang J, Huen MS: TRAIP regulates replication fork recovery and
progression via PCNA. Cell Discov 2016, 2:16016.



Page 10/15

10. Chapard C, Hohl D, Huber M: The role of the TRAF-interacting protein in proliferation and
differentiation. Exp Dermatol 2012, 21:321-326.

11. Zhou Q, Geahlen RL: The protein-tyrosine kinase Syk interacts with TRAF-interacting protein TRIP in
breast epithelial cells. Oncogene 2009, 28:1348-1356.

12. Zhang M, Wang L, Zhao X, Zhao K, Meng H, Zhao W, Gao C: TRAF-interacting protein (TRIP)
negatively regulates IFN-beta production and antiviral response by promoting proteasomal
degradation of TANK-binding kinase 1. J Exp Med 2012, 209:1703-1711.

13. Fu J, Huang D, Yuan F, Xie N, Li Q, Sun X, Zhou X, Li G, Tong T, Zhang Y: TRAF-interacting protein with
forkhead-associated domain (TIFA) transduces DNA damage-induced activation of NF-kappaB. J
Biol Chem 2018, 293:7268-7280.

14. Kong LR, Ong RW, Tan TZ, Mohamed Salleh NAB, Thangavelu M, Chan JV, Koh LYJ, Periyasamy G,
Lau JA, Le TBU, et al: Targeting codon 158 p53-mutant cancers via the induction of p53 acetylation.
Nat Commun 2020, 11:2086.

15. Wei TW, Wu PY, Wu TJ, Hou HA, Chou WC, Teng CJ, Lin CR, Chen JM, Lin TY, Su HC, et al: Aurora A
and NF-kappaB Survival Pathway Drive Chemoresistance in Acute Myeloid Leukemia via the TRAF-
Interacting Protein TIFA. Cancer Res 2017, 77:494-508.

1�. Guo Z, Zeng Y, Chen Y, Liu M, Chen S, Yao M, Zhang P, Zhong F, Jiang K, He S, Yuan G: TRAIP
promotes malignant behaviors and correlates with poor prognosis in liver cancer. Biomed
Pharmacother 2020, 124:109857.

17. Liu Y, Fan X, Zhao Z, Shan X: LncRNA SLC7A11-AS1 Contributes to Lung Cancer Progression
Through Facilitating TRAIP Expression by Inhibiting miR-4775. Onco Targets Ther 2020, 13:6295-
6302.

1�. Zhang CZ, Chen SL, Wang CH, He YF, Yang X, Xie D, Yun JP: CBX8 Exhibits Oncogenic Activity via
AKT/beta-Catenin Activation in Hepatocellular Carcinoma. Cancer Res 2018, 78:51-63.

19. Alhmoud JF, Woolley JF, Al Moustafa AE, Malki MI: DNA Damage/Repair Management in Cancers.
Cancers (Basel) 2020, 12.

20. Carusillo A, Mussolino C: DNA Damage: From Threat to Treatment. Cells 2020, 9.

21. Ishak CA, Marshall AE, Passos DT, White CR, Kim SJ, Cecchini MJ, Ferwati S, MacDonald WA, Howlett
CJ, Welch ID, et al: An RB-EZH2 Complex Mediates Silencing of Repetitive DNA Sequences. Mol Cell
2016, 64:1074-1087.

22. Seward S, Semaan A, Qazi AM, Gruzdyn OV, Chamala S, Bryant CC, Kumar S, Cameron D, Sethi S, Ali-
Fehmi R, et al: EZH2 blockade by RNA interference inhibits growth of ovarian cancer by facilitating
re-expression of p21(waf1/cip1) and by inhibiting mutant p53. Cancer Lett 2013, 336:53-60.

23. He J, Green AR, Li Y, Chan SYT, Liu DX: SPAG5: An Emerging Oncogene. Trends Cancer 2020, 6:543-
547.

24. Yang YF, Zhang MF, Tian QH, Fu J, Yang X, Zhang CZ, Yang H: SPAG5 interacts with CEP55 and
exerts oncogenic activities via PI3K/AKT pathway in hepatocellular carcinoma. Mol Cancer 2018,
17:117.



Page 11/15

25. Chapard C, Hohl D, Huber M: The TRAF-interacting protein (TRAIP) is a novel E2F target with peak
expression in mitosis. Oncotarget 2015, 6:20933-20945.

2�. Li M, Li A, Zhou S, Lv H, Yang W: SPAG5 upregulation contributes to enhanced c-MYC transcriptional
activity via interaction with c-MYC binding protein in triple-negative breast cancer. J Hematol Oncol
2019, 12:14.

Figures

Figure 1

TRAIP expression is increased in HCC. A. The mRNA expression of TRAIP was examined by qRT-PCR in
53 pairs of HCC and nontumorous (NT) fresh tissues in SYSUCC cohort. The -ΔCt values were indicated
in the left panel, and the upregulation of TRAIP mRNA was indicated in the right panel. B. The increased
expression of TRAIP mRNA was validated in 50 paired HCC samples in TCGA cohort. C-F. The relationship
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between TRAIP mRNA expression and tumor T stage (C), tumor grade (D), tumor metastasis (E) and
serum AFP level (F) was determined in TCGA cohort. G. The protein expression of TRAIP was examined
by western blot in HCC (T) and nontumorous (N) tissues. β-actin was used as a loading control. H. The
increased expression of TRAIP protein was con�rmed in a large cohort containing 384 pairs of HCC and
nontumorous para�n-embedded tissues. Representative images were shown in the left panel, and the
IHC scores were shown in the right panel.

Figure 2

High expression of TRAIP was correlated with poor prognosis in HCC. A. Patients were de�ned as high
and low TRAIP, according to the median of TRAIP IHC score. Kaplan-Meier survival analyses were
conducted to indicated the value of TRAIP protein expression in the post-surgical overall (left panel) and
disease-free (right panel) survivals in SYSUCC cohort. B. The impact of TRAIP mRNA expression in
prediction of HCC patients’ prognosis was investigated in TCGA cohort. High and low TRAIP was de�ned
by the median expression of TRAIP mRNA. C. High expression was frequently associated with
unfavorable prognosis in TCGA cancers. The p values of Kaplan-Meier survival analyses were indicated.
The signi�cant ones were framed. LIHC, liver hepatocellular carcinoma.
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Figure 3

TRAIP promotes HCC cell proliferation. A. The protein expression of TRAIP in HCC and immortalized
human hepatocyte cell line (L-02) was examined by western blot. B. HepG2 and Huh7 cells were
transfected with TRAIP overexpression vector or shRNAs for 36 h. The mRNA level of TRAIP was
determined by qRT-PCR. *P<0.05. **P<0.01. C. The overexpression and knockdown of TRAIP protein in
HCC cells were con�rmed. D. Stable cells with TRAIP overexpression or silencing were cultured in 6-well
plates for 3 days. The cell number was counted and indicated by growth curve. *P<0.05. **P<0.01. E.
Stable cells were incubated into 6-well plates for 10 days. Colonies were stained by 0.1% crystal violet.
Representative images of colony formation were shown, and the relative fold change (FC) was indicated.
*P<0.05. F. Stable cells were stained by EdU and DAPI, and pictured under a �uorescence microscope. The
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proliferative cells were indicated by green spots. The percentages of EdU-positive cells were shown.
*P<0.05.

Figure 4

TRAIP interacts with SPAG5 in HCC cells. A,B. Gene set enrichment analysis (GSEA) was conducted using
TRAIP and SPAG5 expression in TCGA cohort. Pathways of Spermatogenesis (A) and Spliceosome (B)
were enriched patients with high expression of TRAIP or SPAG5. C,D. The correlation of TRAIP and SPAG5
mRNA expression was determined in patients of TCGA (C) and SYSUCC (D) cohorts. E. Protein expression
was examined by IHC in 258 patients in SYSUCC cohort. Pearson correlation analysis was used to valid
the positive correlation of TRAIP and SPAG5. F. The cellular colocalization of TRAIP and SPAG5 was
checked by confocal experiment. G. Total proteins were extracted and incubated with primary antibody of
TRAIP or SPAG5. Precipitate was subjected to western bot to determine the existent of TRAIP and SPAG5.
Antibody for IgG was used as negative control for immunoprecipitation. H. Cells transfected with SPAG5
siRNA for 36 h was treated with 20 μg/mL cycloheximide (CHX) for variety period. The expression of
SPAG5 and TRAIP was examined and the relative TRAIP protein was indicated.
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Figure 5

TRAIP exerts oncogenic activity via Rb/EZH2/p21 signaling pathway. A-C. GESA indicates that Rb
signaling (A) was inhibited and EZH2 signaling (B) was activated in HCC patients with high expression of
TRAIP in TCGA cohort. No signi�cant alterations occur in p53 pathway (C). D. Cells were transfected with
TRAIP overexpression vector to construct stable cell lines. The expression of TRAIP, EZH2, Rb, p21 and
p53 was determined by western blot in HepG2 and Huh7 cells. E. TRAIP knockdown downregulated the
expression of EZH2, but upregulated the expression of Rb and p21. F. Cells with TRAIP overexpression
were transfected with EZH2 siRNA, overexpression vector for Rb or p21 every three days. Colony
formation were performed to examine the effect of Rb/EZH2/p21 signaling on cell growth. G. EdU
staining was performed in cells treated as described in F to validate the role of Rb/EZH2/p21 in HCC cell
proliferation. *P<0.05.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

SIFigure1.jpg

SIFigure2.jpg

https://assets.researchsquare.com/files/rs-48363/v1/SIFigure1.jpg
https://assets.researchsquare.com/files/rs-48363/v1/SIFigure2.jpg

