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Abstract 

Tribbles pseudokinase 3 (TRIB3) is a member of the mammalian pseudokinase tribbles family and is 
involved in multiple biological processes. However, the role of TRIB3 in renal cell carcinoma (RCC) 
remains unclear. In this study, we aimed to elucidate the biological functions of TRIB3 in RCC and 
explore its underlying mechanisms. TRIB3 expression and its correlation with clinicopathological 
features was evaluated in 123 patients with RCC. A series of cytological experiments were 
performed to clarify the biological functions of TRIB3, and potential molecular regulatory 
mechanisms were explored using transcriptome sequencing. TRIB3 expression was significantly 
elevated in RCC tissues compared to that in paracancerous tissues, and high expression of TRIB3 
was correlated with both advanced tumor stage and unfavorable prognosis. TRIB3 knockdown 
markedly inhibited RCC cell proliferation, migration and invasion. Furthermore, overexpression of 
TRIB3 promoted RCC cell proliferation, migration, invasion and xenograft tumor growth. Notably, 
TRIB3 expression was modulated by hypoxia-inducible factor-1α (HIF-1α), which enhanced cell 
viability and invasiveness via targeting the MAPK signaling pathway. This study reveals the potential 
oncogenic role of TRIB3 in RCC pathogenesis and illustrates the mechanisms underlying 
TRIB3-mediated tumor progression, providing new insight into the development of TRIB3 as a 
tumor biomarker and therapeutic target. 

Key words: Tribbles pseudokinase 3, renal cell carcinoma, cell proliferation, cell invasion, mitogen-activated 
protein kinases 

Introduction 
Tribbles pseudokinase 3 (TRIB3), a member of 

the tribbles-related family, contains the 
substrate-binding domains but lacks the conserved 
amino acid catalytic motifs essential for kinase 
activity [1, 2]. Despite lacking these catalytic 
structures, TRIB3 is a key regulator of a variety of 
cellular functions. TRIB3 can act as a scaffold or 
adaptor to regulate multiple signal transduction 

pathways. Interaction partners of TRIB3 include 
ubiquitin ligase, proteasomal degradation systems, 
autophagy, transcription factors, and members of the 
MAPK-ERK, TGF-β, and JAG1/Notch signaling 
pathways [3-7]. Additionally, TRIB3 regulates a series 
of cellular processes, such as cellular stress response, 
cell proliferation and differentiation, glucose and lipid 
metabolism, and epithelial-to-mesenchymal transition 
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(EMT) [8-13]. As a sensor of cellular stress, TRIB3 
expression is upregulated in diverse 
microenvironments, such as during endoplasmic 
reticulum stress, hypoxia and nutrient deprivation. 
Depending on the cell physiological status, TRIB3 
maintains cell survival by blunting potentially 
deleterious stress signals [14-16].  

Recently, emerging evidence suggests that TRIB3 
is a crucial modulator of tumorigenesis. Several 
studies have demonstrated that TRIB3 is elevated in 
multiple cancer cell lines and primary tumors, 
including colorectal cancer, breast cancer and lung 
cancer [17-19]. It is involved in tumor progression and 
related to poor prognosis. Hypoxia and nutrient 
deficiency occur during the growth of solid tumors 
[20-22], and these tumor microenvironments activate 
a variety of cellular stress response pathways, such as 
unfolded protein responses and endoplasmic 
reticulum stress, leading to upregulation of TRIB3 
expression. Intriguingly, Wennemers et al. [23] 
reported that high expression of TRIB3 is related to a 
good prognosis for breast cancer patients. Erazo et al. 
[24] found that upregulated TRIB3 inhibits the 
Akt/mTORC1 axis, exerting anti-tumor effects. These 
studies suggested that TRIB3 may either promote or 
suppress tumor progression. Therefore, the biological 
functions and interaction mechanisms of TRIB3 in 
cancers remain controversial. 

Renal cell carcinomas (RCCs) are solid tumors 
accompanied by microenvironments of hypoxia and 
nutrient deficiency. Currently, the expression of 
TRIB3 in RCC and its association with 
clinicopathological features and prognosis remain 
unclear. In this study, we evaluated the expression of 
TRIB3 to clarify the relationship between TRIB3 and 
clinicopathological features, further illuminating its 
biological functions and regulatory mechanisms in 
RCC. Our results found that TRIB3 expression is 
significantly elevated in RCC tissues compared to that 
in paracancerous tissues. Furthermore, high 
expression of TRIB3 was correlated with an advanced 
tumor stage and unfavorable prognosis in RCC. 
Notably, TRIB3 expression was modulated by 
hypoxia-inducible factor-1α (HIF-1α), which 
mediated RCC cell proliferation, migration and 
invasion via targeting the MAPK signaling pathway. 

Materials and methods 
Patients and RCC specimens 

Ethical approval was obtained from the Ethics 
Committee of Peking University First Hospital 
(Beijing, China). In this study, we recruited 123 RCC 
patients who underwent surgery at Peking University 
First Hospital from 2012 to 2013. The mean follow-up 

time for these patients was 60 ± 15 months. We 
examined the clinicopathological features, including 
the gender, age, tumor size, pathology type, tumor 
stage, tumor grade and prognosis. Both the RCC 
tissues and paracancerous tissues were collected. 
Formalin-fixed, paraffin-embedded specimens for 
tissue microarray construction were reviewed by two 
professional pathologists (QH and YZ). Fresh RCC 
and normal renal tissues were preserved at −80 °C.  

Immunochemical staining and analyses 
Immunochemical staining was performed as 

previously reported [25]. Primary antibodies included 
TRIB3 (rabbit monoclonal, 1:250 dilution, #ab137526, 
Abcam, Cambridge, UK), HIF-1α (rabbit polyclonal, 
1:50 dilution, #sc10790, Santa Cruz, Dallas, TX, USA), 
and HIF-2α (rabbit polyclonal, 1:40 dilution, #ab199, 
Abcam). The secondary antibody was purchased from 
OriGene (poly-peroxidase-conjugated anti-rabbit/ 
mouse immunoglobulin G, #PV-9000, OriGene, 
Beijing, China). The slides were independently 
assessed by two pathologists. As previously reported, 
protein expression was semiquantitatively evaluated 
using an immunoreactive score (IRS) [26]. The 
percentage of immunostaining was scored as follows: 
0 (0), 1 (< 10%), 2 (10-50%), 3 (51-80%) and 4 (> 75%). 
The staining intensity was defined as 0: no color 
reaction; 1: mild reaction; 2: moderate reaction; and 3: 
intense reaction. The two staining scores were 
multiplied to calculate the expression intensity. IRSs 
ranged from 0 to 12, which were divided into two 
grades: low expression (score ≤ 6) and high expression 
(score > 6). 

Cell culture and lentivirus transduction 
Five human RCC cell lines (786-O, 769-P, ACHN, 

A498 and Caki-1) were utilized in this study. HK-2, 
human normal proximal tubular cell line, was used as 
the control cell line. They were obtained from the 
Institute of Urology, Peking University (Beijing, 
China). The media (Gibco Invitrogen, Carlsbad, CA, 
USA) were supplemented with 10% fetal bovine 
serum (FBS, PAN-Biotech GmbH, Adenbach, 
Germany), penicillin G (100 U/ml) and streptomycin 
(100 μg/ml). Cells were incubated at 37 °C in a 5% 
CO2 atmosphere. 

 The TRIB3 overexpression lentivirus 
(LV-TRIB3) and its negative control lentivirus 
(LV-control), the TRIB3 knockdown lentivirus 
(LV-shTRIB3) and the nontargeting control lentivirus 
(LV-scrambled), and the HIF-1α overexpression 
lentivirus (LV-HIF-1α) and its negative control 
lentivirus (LV-vector) were produced and verified by 
GeneChem Corporation (Shanghai, China) 
(Supplement 1). Cells were incubated and transfected 
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with lentivirus and polybrene (5 μg/ml; GeneChem 
Corporation). Puromycin (1.5 μg/ml) was used to 
screen stable cell clones. The expression efficiency was 
verified by quantitative real-time PCR (qRT-PCR) and 
western blot analysis.  

RNA isolation and qRT-PCR 
Total RNAs were isolated with Trizol 

(#15596018, Invitrogen), and their concentrations 
were measured using the NanoDrop2000 
spectrophotometer (Thermo Fisher, Waltham, MA, 
USA). Superscript II reverse transcriptase (#K1622, 
Thermo Scientific, Lithuania, EU) was used for 
reverse transcription, and qRT-PCR was conducted 
using Power SYBR Green PCR Master Mix (#4472908, 
Thermo Fisher, Austin, TX, USA) on an Applied 
Biosystems 7500 instrument (Foster City, CA, USA). 
Primers for TRIB3 and 18S rRNA were listed as 
follows: TRIB3, Forward: 5’-TCGCTGACCGTGA 
GAGGAA-3’, Reverse: 5’-GCTTGTCCCACAGGGAA 
TCA-3’; and 18S rRNA, Forward: 5’-CGGACAGGA 
TTGACAGATTGATAGC-3’, Reverse: 5’-TGCC 
AGAGTCTCGTTCGTTATCG-3’.  

Western blot analysis 
Total protein was extracted, quantified, and 

loaded onto precast PAGE gels (#KGMG010W10, 
KeyGEN, Jiangsu, Nanjing). After electrophoresis, 
proteins were transferred to nitrocellulose 
membranes and incubated with primary antibodies at 
4°C overnight (anti-TRIB3, recombinant rabbit 
monoclonal, 1:7000 dilution, #ab75846, Abcam; 
anti-HIF-1α, mouse monoclonal, 1:1000 dilution, 
#NB100-105, Novus, Littleton, CO, USA; anti-HIF-2α, 
rabbit polyclonal, 1:1000 dilution, #NB100-122SS, 
Novus; β-tubulin, Rabbit monoclonal, 1:1000 dilution, 
#2128, Cell Signaling Technology, Danvers, MA, 
USA). The secondary antibody (ProteinFind Goat 
Anti-Rabbit/Mouse IgG(H+L), HRP conjugate, 1:1000 
dilution, #HS201, TransGen, Beijing, China) was 
subsequently added, and immune activity was 
detected by chemiluminescence. 

Cell proliferation assay 
RCC cells (5×103 cells/well) were cultured in 

96-well plates. To assess proliferation rates, 10 μl of 
Cell Counting Kit-8 (#CK04, CCK-8, Dojindo, Japan) 
was added to each well at 24, 48, 72, 96, or 120 h, and 
the mixtures were incubated for 1.0 h at 37 °C. The 
absorbance was detected by a microplate reader at 
OD450. 

Wound healing migration assay 
RCC cells (5×105 cells/well) were seeded in 

6-well plates and incubated for 24 h. RCC cells were 
vertically scratched using 200 μl tips and washed with 

phosphate buffered saline (PBS). Then, serum-free 
medium was added to incubate the cells. Images were 
acquired using an inverted microscope at 0 h, 12 h and 
24 h to assess cell migration. 

Transwell assay 
The indicated cells (1×105) were suspended in 

serum-free media (200 μl) and added into the upper 
chamber of transwells (#3422, Corning, NY, USA), 
which were precoated with 60 µl of Matrigel (1:10 
dilution, #354234, BD Bioscience, MA, USA). The 
lower chambers contained 600 μl of media 
supplemented with 10% FBS. After incubating for 40 
h, the RCC cells were fixed with 3.7% 
paraformaldehyde and stained with 0.5% crystal 
violet. RCC cells that penetrated through the 
membrane were imaged using an inverted 
microscope. Cells were then stained with crystal 
violet, which was removed with 33% acetic acid, and 
absorbance was detected at OD570. 

Cell migration was assessed using Matrigel-free 
transwell chambers. All subsequent steps were 
performed as described above except the cells were 
incubated for 24 h.  

In vivo xenograft assay 
The experimental procedures were approved by 

the Peking University First Hospital Experimental 
Animal Care Ethics Committee (no. J201756). BALB/c 
mice (5 weeks old, male, nude; animal certificate no. 
11400700276716, Beijing Vital River Laboratory 
Animal Technology Co., Ltd.) were fed in specific 
pathogen-free conditions. Briefly, 1×107 
TRIB3-overexpressing 786-O cells or control TRIB3 
cells suspended in 150 μl of mixture (PBS and 
Matrigel, 1:1) were subcutaneously injected into the 
axilla (n = 10 mice per group). Beginning ten days 
after inoculation, the tumor size was measured twice 
per week. Tumor volume was calculated in mm3 
using the formula as: V = 0.5 a x b2, a and b are the 
long and short diameters of the xenograft tumors. 
Four weeks later, the mice were euthanized by 
cervical dislocation, and the tumors were collected. 
The implanted tumors were snap frozen and 
preserved at −80°C for further study. 
RNA-sequencing and signaling pathway assays 

Total RNA was extracted from RCC cell lines 
treated with recombinant lentivirus overexpressing 
TRIB3 or a negative control and quantitated using a 
NanoDrop-1000 spectrophotometer, and the integrity 
was subsequently assessed with an Agilent 2100 
Bioanalyzer (Agilent Technologies, Santa Clara, CA, 
USA). RNA-sequencing was performed on an 
Illumina HiseqX10. Experiments were repeated three 
times. For detection of differentially expressed genes 
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(DEGs), a fold change ≥ 2 or ≤ 1/2 and a false 
discovery rate (FDR) < 0.01 were set as the screening 
criteria. P-values≤0.05 were considered statistically 
significant. Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analysis 
(http://www.kegg.jp/) was used to clarify the 
physiological functions and signaling pathways 
related to the DEGs in RCC cell lines. 

Cobalt chloride (CoCl2)-mediated hypoxia 
induction 

The indicated cells (2×105 cells/well) were 
seeded in six-well plates. To imitate hypoxic 
conditions, CoCl2 (#C8661-25G, Sigma-Aldrich, St 
Louis, MO, USA) was added to the medium at an 
appropriate concentration of 150 μM (Figure S1) [27, 
28]. Cells were cultured and treated with CoCl2 for 0 
h, 2 h, 4 h, 6 h, 12 h, 24 h, 48 h or 72 h. Then, the 
expression of TRIB3, HIF-1α and HIF-2α was 
assessed, and β-tubulin was used as an endogenous 
reference. 

Luciferase reporter assay 
The HIF-1α promoter region was inserted into a 

pLVX basic vector. The Dual-Luciferase Reporter 
Assay System (E1910, Promega, Madison, WI, USA) 
was used in the luciferase reporter assays. The 
transfection efficiency was assessed by cotransfection 
with the Renilla luciferase expression plasmid 
pRL-CMV (Promega). The Renilla luciferase activity 
was used to normalize the firefly luciferase activity, 
which was then rescaled to vector control signals 
equal to unit 1. Each group had six replicates.  

Statistical analysis 
In this study, data were presented as the mean ± 

standard deviation. Student’s t-test, ANOVA and the 
LSD multiple comparison t-test were used to 
determine the statistical significance. Relationships 
between TRIB3 expression and HIF-1α, HIF-2α or 
other clinicopathological parameters of RCC patients 
were analyzed with the χ2 test or Yates’ 
continuity-corrected χ2 test. The survival was 
analyzed with Kaplan-Meier analysis and log-rank 
tests. Statistical analysis was performed using SPSS 
20.0 software, and α (two sides) = 0.05, P < 0.05 was 
considered statistically significant.  

Results 
TRIB3 expression in RCC tissues and its 
correlation with clinicopathological features  

In total, 123 RCC patients (85 males and 38 
females) were included in this study (Table 1). The 
mean age of the subjects was 55 ± 12 years, and the 
mean tumor size was 4.3 ± 1.9 cm. The numbers of 

patients with TNM stages T1, T2 and T3-4 were 97 
(78.9%), 8 (6.5%) and 18 (14.6%), respectively. The 
numbers of patients with tumor grades 1, 2 and 3-4 
were 41 (33.3%), 66 (53.7%) and 16 (13%), respectively. 
Of these patients, 35 exhibited microvascular invasion 
in RCC tissues. 

 

Table 1. Clinicopathological features of the 123 RCC patients and 
their correlations with TRIB3 expression 

Parameters N TRIB3 (n)  χ2 P-value 
High Low/negative 

Gender    0.090 0.765 
Male 85 49  36   
Female 38 23  15   
Age (yr)    0.604 0.437 
≥55 63 39 24   
<55 60 33 27   
Tumor size (cm)    10.27 0.0014** 
≤4.3 67 30 37   
>4.3 56 42 14   
Stage    12.17 0.0023** 
T1 97 49 48   
T2 8 7 1   
T3-4 18 16 2   
Grade    0.371 0.831 
G1 41 25 16   
G2 66 37 29   
G3-4 16 10 6   
Microvascular 
invasion 

   0.169 0.681 

Yes 35 22 13   
No 88 50 38   
HIF-1α    6.673 0.0098** 
High 93 61 32   
Low/negative 30 11 19   
HIF-2α    2.976 0.0845 
High 75 49 26   
Low/negative 48 23 25   

 
Immunochemical staining indicated that TRIB3 

was expressed at higher levels in RCC tissues than in 
normal paracancerous tissues (Figure 1A/B). TRIB3 
expression was localized in nucleus. Furthermore, 
TRIB3 was also highly expressed in fresh RCC tissues 
at both the mRNA and protein level (Figure 1F/G/H). 
Of the 123 patients, 72 showed high TRIB3 expression, 
while 51 showed little or no TRIB3 expression (Figure 
1E, P < 0.0001). Further analysis indicated that high 
TRIB3 expression was significantly associated with a 
large tumor size (P = 0.0014) and high tumor T stage 
(P = 0.0023) (Table 1). However, TRIB3 expression was 
not correlated with gender (P = 0.765), age (P = 0.437), 
tumor grade (P = 0.831) or microvascular invasion (P 
= 0.681) (Table 1). During the follow-up, there were 22 
cases of tumor recurrence, metastasis or death. 
Compared with that of patients in the high TRIB3 
expression group, progression-free survival was 
better for patients in the low/no expression group, 
although this difference was not statistically 
significant (Figure 1J, P = 0.493). The median 
progression-free survival was 66.5 months (range, 
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12.0-68.6 months) in the low/no TRIB3 expression 
group and 65.1 months (range, 5.0-68.3 months) in the 
high TRIB3 expression group. 

Correlation of TRIB3 with HIF-1α and HIF-2α 
in RCC tissues 

HIF-1α and HIF-2α are two important 
hypoxia-related molecules. Immunohistochemical 
staining showed that HIF-1α and HIF-2α were highly 
expressed in RCC tissues (Figure 1C/D). Among 
these 123 patients, HIF-1α and HIF-2α were 
upregulated in 93 (75.6%) and 75 (61.0%), respectively 
(Table 1). Furthermore, HIF-1α expression was 
significantly associated with TRIB3 expression (P = 
0.0098, Table 1). However, no significant correlation 
was observed between HIF-2α and TRIB3 (P = 0.0845, 
Table 1). 

TRIB3 expression in RCC cell lines and 
verification of transfection efficiency 

TRIB3 expression was low in HK-2 cells and high 
in multiple RCC cell lines (Figure 2A/B). To further 
investigate the biological functions of TRIB3 on RCC, 
we evaluated the overexpression and knockdown of 
TRIB3 in RCC cell lines. TRIB3 overexpression cell 
models were generated with 786-O and Caki-1 cells, 
which express TRIB3 at relatively low levels (Figure 
2C/D). In contrast, TRIB3 knockdown cell models 
were established in 769-P and A498 cells, which 
express TRIB3 at relatively high levels (Figure 2E/F). 
The transfection efficiency was verified at the mRNA 
and protein levels. 

 

 
Figure 1. TRIB3 expression in RCC tissues and its correlation with clinicopathological features. A/B/E: Immunochemical staining indicated that TRIB3 expression 
was higher in RCC tissues than in normal paracancerous tissues. TRIB3 expression was localized in nucleus. C/D: HIF-1α and HIF-2α are highly expressed in RCC 
tissues. F-H: TRIB3 is highly expressed in fresh RCC tissues at both the mRNA and protein level. J: Progression-free survival was better in the TRIB3 low/no 
expression group than in the high expression group, although this difference was not statistically significant (P = 0.493). 
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Figure 2. TRIB3 expression in RCC cell lines and verification of transfection efficiency. A/B: TRIB3 was expressed at low levels in HK-2 cells and at high levels in 
multiple RCC cell lines. C/D: Transfection efficiency of 786-O and Caki-1 cells transfected with a TRIB3 overexpression lentivirus. E/F: Transfection efficiency of 
769-P and A498 cells transfected with a TRIB3 knockdown lentivirus. “ ** ” represents P < 0.01. 

 

Overexpression of TRIB3 promotes 786-O and 
Caki-1 cell proliferation, migration and 
invasion 

A TRIB3 overexpression lentivirus (LV-TRIB3) 
and a negative control lentivirus (LV-control) were 
transfected into 786-O and Caki-1 cells to establish 
TRIB3 overexpression cell models. CCK-8 assays 
showed that TRIB3 overexpression significantly 
promoted proliferation in 786-O (P = 0.0188, Figure 
3A) and Caki-1 cells (P = 0.009, Figure 3A). Wound 
healing assays indicated that overexpression of TRIB3 
promoted the migration of both 786-O and Caki-1 
cells (P < 0.05, Figure 3C). Furthermore, the cell 
motilities of the TRIB3-overexpressing and negative 
control 786-O and Caki-1 cells were compared using 
Matrigel-free transwell assays. The results were 
consistent with those of the wound healing assay (P < 
0.01, Figure 3E). Since aggressive invasion is critical 
for tumor metastasis, in Matrigel-coated transwell 
assays, upregulation of TRIB3 markedly increased the 
invasive abilities of 786-O and Caki-1 cells in 
TRIB3-overexpressing cells compared to those of 
negative controls (P < 0.01, Figure 3G). In summary, 
the results show the potential of TRIB3 to promote the 
proliferation, migration and invasion of 786-O and 
Caki-1 cells. 

Downregulation of TRIB3 suppresses 769-P 
and A498 cell proliferation, migration and 
invasion 

In 769-P and A498 cell lines, a TRIB3 knockdown 
lentivirus (LV-shTRIB3) and a non-targeting control 
lentivirus (LV-scrambled) were transfected to 
generate TRIB3 knockdown cell models. Cell 
proliferation assays showed a decreased proliferation 
rate in the TRIB3 knockdown groups compared with 
those in the nontargeting control groups (P < 0.05, 
Figure 3B). Downregulation of TRIB3 also inhibited 
the migration potential of 769-P and A498 cells (P < 
0.01, Figure 3D/F). In addition, the invasive potential 
of 769-P and A498 cells was decreased in the TRIB3 
knockdown groups compared to those in the 
nontargeting control groups (P < 0.05, Figure 3H). 
Thus, knockdown of TRIB3 in 769-P and A498 cells 
significantly inhibited the cell proliferation, migration 
and invasion. 

TRIB3 promotes the growth of RCC 
xenografts in vivo 

To further evaluate the effect of TRIB3 
overexpression on tumor growth in vivo, 786-O cells 
stably overexpressing TRIB3 or a control vector were 
implanted into nude mice. As shown, the xenograft 
tumor volume was significantly increased in the 
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TRIB3-overexpressing tumors compared to that in 
negative controls (P < 0.001, Figure 4A/B). In 
addition, we detected the mRNA and protein 
expression levels of TRIB3 in five pairs of xenograft 

tumors, revealing higher levels in the TRIB3 
overexpression group than in the control group 
(Figure 4C/D). 

 

 
Figure 3. RCC cell proliferation, migration and invasion assays. A: CCK-8 assays show that TRIB3 overexpression significantly promotes the proliferation of 786-O 
(P = 0.0188) and Caki-1 cells (P = 0.009). B: A decreased proliferation rate was detected in TRIB3 knockdown cells compared with that in nontargeting control cells 
(P < 0.05). C/E: Wound healing assays and Matrigel-free transwell assays indicate that overexpression of TRIB3 promotes the migration of 786-O and Caki-1 cells (P 
< 0.05). D/F: Downregulation of TRIB3 also inhibits the migration of 769-P and A498 cells (P < 0.01). G: In Matrigel-coated transwell assays, overexpression of TRIB3 
markedly increases the invasive ability of 786-O and Caki-1 cells (P < 0.01). H: TRIB3 knockdown decreases the invasive potential of 769-P and A498 cells (P < 0.05). 
“ * ” represents P < 0.05, “ ** ” represents P < 0.01, “ *** ” represents P < 0.001. 
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Figure 4. In vivo study. A/B: The xenograft tumor volume was significantly higher in the TRIB3 overexpression group than in the negative control group (P < 0.001). 
C/D: The mRNA and protein expression levels of TRIB3 were higher in the TRIB3 overexpression group than in the control group. 

 

TRIB3 promotes RCC cell proliferation and 
invasion via activating MAPK pathways 

Considering the above results that TRIB3 
promoted RCC cell proliferation, migration and 
invasion in vitro and accelerated RCC xenograft tumor 
growth in vivo, we performed RNA-sequencing with 
Caki-1 cells and compared the differentially expressed 
genes at the transcriptional level between 
TRIB3-overexpressing and control cells (Figure 5A, 
Supplement 2). Bioinformatics analysis revealed that 
the genes affected by TRIB3 overexpression were 
significantly involved in various signaling pathways, 
particularly MAPK signaling (Figure 5B/C). 
Subsequently, the results were further verified by 
western blot (Figure 5D/E), showing that the 
phosphorylation of P44/42 and P38 was reduced in 
both A498 and 769-P cells in response to TRIB3 
knockdown. In Caki-1 cells, the phosphorylation of 
P44/42, P38 and SAPK/JNK was increased in 
response to TRIB3 overexpression. In 786-O cells, only 
upregulated expression of phospho-P38 was observed 
in response to TRIB3 overexpression. 

HIF-1α upregulates the expression of TRIB3 
during hypoxia 

TRIB3 is a scaffold protein that is activated under 
hypoxic conditions and involved in multiple cellular 
pathways. To further evaluate the regulation of 
hypoxia on TRIB3 expression in Caki-1 and HK-2 
cells, we simulated hypoxia with CoCl2 and assessed 
the changes in TRIB3, HIF-1α and HIF-2α expression. 
As the hypoxia time increased, the TRIB3 and HIF-1α 
expression gradually increased and appeared to be 
positively correlated (Figure 6A/B). The expression of 
HIF-2α was also upregulated during hypoxia but was 
not correlated with TRIB3 expression (Figure 6A/B). 
Subsequently, we investigated whether HIF-1α 
regulates TRIB3 activity. As shown in Figure 6E, the 

transcription factor HIF-1α directly binds to multiple 
regions of the TRIB3 promoter. Luciferase reporter 
assays revealed that excising HIF-1α binding sites 
from the TRIB3 promoter significantly attenuated the 
expression of TRIB3 (P < 0.01, Figure 6F). These 
preliminary data demonstrate that TRIB3 is a direct 
target of HIF-1α. To further verify the regulation of 
TRIB3 by HIF-1α, we overexpressed HIF-1α in Caik-1 
and HK-2 cells. The results indicated that 
overexpression of HIF-1α upregulates TRIB3 
expression (Figure 6C/D). Taken together, it indicates 
that the transcription factor HIF-1α regulates TRIB3 
expression by binding to its promoter region. 

Discussion 
TRIB3, a member of the mammalian 

pseudokinase tribbles family, plays a pivotal role in 
the unfolded protein response (UPR) [5] and is an 
important stress-related gene involved in multiple 
biological processes [29]. In the present study, we 
showed that TRIB3 expression was significantly 
higher in RCC tissues than in normal paracancerous 
tissues. Moreover, increased TRIB3 expression was 
significantly associated with increased renal tumor 
size, high tumor T stage and poor prognosis. Previous 
studies also showed that TRIB3 is highly expressed in 
various cancers and closely related to the tumor stage, 
metastasis, recurrence and prognosis, suggesting that 
TRIB3 is a potential biomarker and target for cancer 
therapy [30, 31]. In the process of tumor growth, 
vigorous metabolism often leads to an insufficient 
supply of nutrients and energy, resulting in cellular 
hypoxia and metabolic stress. Hypoxia and glucose 
deficiency can upregulate the expression of TRIB3, 
which regulates a series of downstream biological 
processes to relieve cell stress and promote cell 
survival.  
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Figure 5. The molecular mechanisms by which TRIB3 promotes RCC cell proliferation and invasion. A: RNA-sequencing in Caki-1 cells to compare differential gene 
expression at the transcriptional level between the TRIB3 overexpression and control groups. B/C: Bioinformatics analysis revealed that the MAPK pathway was one 
of the most affected signaling pathways. D/E: The results of RNA-sequencing analysis were further verified by western blot. 

 
Figure 6. Regulation of HIF-1α on TRIB3 expression. A/B: TRIB3 and HIF-1α expression are gradually increased in response to hypoxia and appear to be positively 
correlated. No obvious correlation was observed between HIF-2α and TRIB3 expression. C/D: Overexpression of HIF-1α in Caik-1 and HK-2 cells upregulates 
TRIB3 expression. E/F: HIF-1α directly binds to multiple regions of the TRIB3 promoter. Luciferase reporter assays revealed that excising HIF-1α binding sites in the 
TRIB3 promoter significantly attenuates the expression of TRIB3 (P < 0.01). “ * ” represents P < 0.05, “ ** ” represents P < 0.01, “ *** ” represents P < 0.001. 
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In this study, a series of cytological experiments 
were performed to clarify the biological functions of 
TRIB3 in RCC. Lentivirus-mediated TRIB3 
knockdown markedly suppressed the proliferation, 
migration and invasion of RCC cells with high 
endogenous expression of TRIB3. In contrast, 
overexpression of TRIB3 promoted the proliferation, 
migration and invasion of RCC cells with low 
endogenous expression of TRIB3. Additionally, 
overexpression of TRIB3 promoted the growth of RCC 
xenografts in vivo. It demonstrates that TRIB3 acts as a 
tumor promoter in human renal cancer. Hua et al. [13] 
found that overexpression of TRB3 enhanced the 
transcriptional activity of SMAD3, whereas 
knockdown of TRB3 reduced the activity, resulting in 
regulation of EMT in tumor cells. Zhou et al. [19] 
reported that knocking down TRIB3 in aggressive 
lung cancer cell lines significantly inhibited their 
malignant behaviors, including cell invasion and 
proliferation in vitro, as well as metastasis and tumor 
growth in vivo. Accordingly, these studies 
demonstrated that TRIB3 plays an important role in 
accelerating tumor cell proliferation, migration and 
invasion, suggesting an oncogenic role of TRIB3 in 
cancers. 

Currently, the molecular mechanisms 
underlying the TRIB3-mediated regulation of 
biological functions in RCC have not yet been 
thoroughly addressed. Izrailit et al. [7] demonstrated 
that TRIB3 is a master regulator of Notch signaling via 
the MAPK-ERK and TGF-β pathways in breast cancer. 
In vitro and in vivo studies have illustrated the 
importance of TRIB3 for tumor growth. Subsequently, 
TRIB3 was shown to act as a stress and metabolic 
sensor and, together with USP9x, induce breast cancer 
cell survival and the tumor-promoting activities of 
Notch [10]. Hua et al. [3, 4] revealed that TRIB3 
interacts with the autophagic receptor SQSTM1, 
linking insulin-IGF1 signaling to tumor development 
and progression. In this study, the mechanisms 
underlying the TRIB3 promotion of RCC cell 
proliferation, migration and invasion were detected 
by transcriptome sequencing and refined genome 
annotation. We found that TRIB3 regulates various 
signaling pathways, with the MAPK pathway being 
one of the most affected and crucial. The MAPK 
signaling pathway is widely expressed and plays key 
roles in many biological processes, including cell 
proliferation, migration, invasion, death and 
differentiation [32, 33]. MAPKs are activated by a 
variety of stimuli, including cytokines, hormones and 
various cellular stress responses, such as oxidative 
stress and endoplasmic reticulum stress [34]. The 
MAPK signaling pathway contains four distinct 
cascades, including extracellular signal-related 

kinases (ERK1/2), p38-MAPK, Jun amino terminal 
kinases (JNK1/2/3) and ERK5 [35-38]. In this study, 
we observed that knockdown of TRIB3 reduced the 
phosphorylation of P44/42 and P38 in A498 and 769-P 
cells. Overexpressing TRIB3 increased the expression 
of phosphorylated P44/42, P38 and SAPK/JNK in 
Caki-1 cells. However, in 786-O cells, upregulated 
expression of only phospho-P38 was observed in 
response to TRIB3 overexpression. Thus, our 
preliminary findings demonstrate that the MAPK 
signaling pathway, along with other pathways, plays 
a key role in RCC proliferation, migration and 
invasion. 

As a cellular stress sensor, TRIB3 is upregulated 
in response to nutrient deprivation, hypoxia, 
oxidative stress and endoplasmic reticulum stress. In 
this study, we evaluated the effect of hypoxia on 
TRIB3 expression and found that HIF-1α expression 
was significantly associated with TRIB3 expression. 
Furthermore, the transcription factor HIF-1α directly 
binds to multiple regions of the TRIB3 promoter and 
regulates its expression. As an important transcription 
factor, HIF-1α not only regulates the expression of 
various genes related to angiogenesis, 
oxygen-carrying proteins and glucose metabolism 
enzymes, but also plays a key factor in the 
development of RCC [39, 40]. In this study, we 
identified a novel molecular mechanism by which 
HIF-1α regulates TRIB3 expression. 

In conclusion, this study shows that increased 
TRIB3 expression enhanced RCC cell proliferation, 
migration and invasion abilities by regulating the 
MAPK pathway. We also demonstrated that TRIB3 
expression is induced by HIF-1α. Our results not only 
reveal the mechanisms underlying TRIB3-mediated 
tumor progression but also provide new insight into 
the development of TRIB3 as a tumor biomarker and 
therapeutic target. However, a large cohort with 
long-term follow-up is needed to clarify the effect of 
TRIB3 expression on the prognosis of RCC. The 
translational application of TRIB3 also needs to be 
further investigated. 
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