
Journal of Cancer 2021, Vol. 12 
 

 
http://www.jcancer.org 

6012 

Journal of Cancer 
2021; 12(20): 6012-6020. doi: 10.7150/jca.51627 

Review 

Current Progress in Delineating the Roles of Pseudokinase 
TRIB1 in Controlling Human Diseases 
Xuelian Zhang1,2,3,4#, Bin Zhang1,2,3,4#, Chenyang Zhang1,2,3,4, Guibo Sun1,2,3,4 and Xiaobo Sun1,2,3,4 

1. Institute of Medicinal Plant Development, Peking Union Medical College and Chinese Academy of Medical Sciences, Beijing 100193, China. 
2. Key Laboratory of Bioactive Substances and Resources Utilization of Chinese Herbal Medicine, Ministry of Education, Beijing 100193, China. 
3. Beijing Key Laboratory of Innovative Drug Discovery of Traditional Chinese Medicine (Natural Medicine) and Translational Medicine, Beijing 100193, 

China. 
4. Key Laboratory of efficacy evaluation of Chinese Medicine against Glyeolipid Metabolism Disorder Disease, State Administration of Traditional Chinese 

Medicine, Beijing 100193, China. 

#These authors contributed equally to this work. 

 Corresponding authors: Xiaobo Sun and Guibo Sun. Institute of Medicinal Plant Development, Peking Union Medical College and Chinese Academy of 
Medical Sciences, Beijing 100193, China. E-mail: sun-xiaobo@163.com; sunguibo@126.com. 

© The author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/). 
See http://ivyspring.com/terms for full terms and conditions. 

Received: 2020.08.06; Accepted: 2021.08.10; Published: 2021.08.21 

Abstract 

Tribbles homolog 1 (TRIB1) is a member of the tribbles family of pseudoprotein kinases and is widely 
expressed in numerous tissues, such as bone marrow, skeletal muscle, liver, heart, and adipose tissue. It 
is closely associated with acute myeloid leukemia, prostate cancer, and tumor drug resistance, and can 
interfere with the hematopoietic stem cell cycle, promote tumor cell proliferation, and inhibit apoptosis. 
Recent studies have shown that TRIB1 can regulate acute and chronic inflammation by affecting the 
secretion of inflammatory factors, which is closely related to the occurrence of hyperlipidemia and 
cardiovascular diseases. Given the important biological functions of TRIB1, the reviews published till now 
are not sufficiently comprehensive. Therefore, this paper reviews the progress in TRIB1 research aimed 
at exploring its roles in cancer, hyperlipidemia, and cardiovascular disease, and providing a theoretical 
basis for further studies on the biological roles of TRIB1. 

Key words: TRIB1, pseudokinase family, acute myeloid leukemia, prostate cancer, tumor drug resistance, 
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Introduction 
Approximately 10% of the kinases in the human 

kinase group are named pseudokinases because they 
lack the necessary catalytic groups [1]. Pseudokinases 
lack at least one motif in the catalytically related 
Val-Ala-Ile-Lys (VAIK) kinase domain; thus, only a 
small proportion of pseudokinases retain a low kinase 
activity [2-4]. Although some pseudokinases do not 
possess kinase activity, they play a key role in 
regulating various cellular processes, such as the 
MAPK signaling pathway, actin polymerization, and 
the development of malignant tumor diseases [4-8]. 

Tribbles is a pseudoprotein kinase family, a 
branch of the human Ca2+/calmodulin-dependent 
protein kinase (CAMK) subfamily, with three 
homologous sequences (TRIB1-3) [1]. According to 
sequence taxonomy, TRIB2 gene sequence is the most 

primitive in the tribbles family. TRIB2 orthologs can 
be traced back to the oldest metazoans, such as 
cnidaria and sponges, while the orthologs of TRIB1 
and TRIB3 are limited in metazoan lineages [9]. 
TRIB1-3 have different origins; however, they have 
the same central pseudokinase domain and 
C-terminal extension. Differences in the N-terminal 
extension have contributed to the structures of TRIB1, 
TRIB2, and TRIB3 not being conserved [10]. The 
C-terminal extension of the Tribbles family can be 
combined with ubiquitin E3 ligase, allowing TRIB1-3 
to target protein degradation for regulatory functions 
[4]. The specific structure of the tribbles family allows 
the performance of specific biological functions, such 
as inhibiting embryo mitosis and regulating the cell 
cycle (TRIB1-3) [11, 12] , inducing myeloid leukemia 

 
Ivyspring  

International Publisher 



 Journal of Cancer 2021, Vol. 12 

 
http://www.jcancer.org 

6013 

(TRIB1-3) [13-15], inhibiting vascular smooth muscle 
migration (TRIB1 and TRIB3) [16, 17], and inducing 
Alzheimer’s disease (TRIB3) [18]. 

The human TRIB1 gene is located in the q24 and 
13 regions of chromosome 8, the amino acid sequence 
of which is highly conserved. The amino-acid 
sequence homology between human and mouse 
TRIB1 is 97.5% [19]. The N-terminus of TRIB1 protein 
is truncated and bent, making it incapable of forming 
the nucleotide-binding pocket of ATP [4]. Thus, it 
lacks catalytic activity. Although TRIB1 is a 
pseudokinase, it has no catalytic activity and is widely 
expressed in various organ tissues such as the heart, 
liver, spleen, fat, and bone marrow, suggesting that it 
may possess other regulatory functions. TRIB1 has 
been reported to utilize its atypical pseudokinase 
domain as a substrate-regulated binding platform that 
ubiquitinates a target protein through an E3 ligase [20, 
21]. In addition, TRIB1 can also be used as a molecular 
scaffold that acts as a linker between the MEK/ERK 
pathway and the C/EBP family, thereby regulating 
cell proliferation and apoptosis [22] (Figure 1). 
Furthermore, TRIB1 has a wide range of biological 
effects and participates in material metabolism, 
inflammation, and endoplasmic reticulum stress 
response [23-25]. 

Although the relevant literature reviews the 
occurrence and participation of the tribbles family in 
leukemia and inflammation, these reviews remain 
limited for us to fully understand the essential roles of 
TRIB1 in the regulation of diseases such as cancer, 
inflammation, hyperlipidemia, and cardiovascular 
disease. Thus, we have summarized the progress 
made in experimental research on TRIB1 of the 
pseudokinase family. By reviewing the biological 
significance of TRIB1 in cancer, immunity, and lipid 
metabolism, this paper discusses the role of TRIB1 in 
the development of diseases and proposes new 
strategies for disease treatment. 

TRIB1 and cancer 
Previous studies have found that TRIB1 is 

overexpressed in acute myeloid leukemia (AML), 
prostate cancer, and ovarian cancer and promotes 
tumor development. TRIB1 induces AML by 
promoting C/EBP ubiquitination [26]. In addition, 
TRIB1 also promotes the proliferation of many types 
of tumors through FAK/SRC, ERK, and other 
pathways (Table 1). This suggests that TRIB1 can be 
used as a potential therapeutic target and general 
marker of cancer. 

 

Table 1. Cellular and molecular mechanisms of TRIB1 on cancer 

Cancer Mechanisms References 
Prostate cancer TRIB1 promoted CXCL and IL8 secretion by 

inhibiting IKB-zeta expression and induced 
tumor growth; TRIB1 supported the 
occurrence of prostate cancer and the survival 
of tumor cells through upregulation of GRP78 
in prostate cancer. 

[36, 43, 46] 

Hepatocellular 
carcinoma 

TRIB1 promoted the survival of HCC cells 
with down-regulation of p53, and induced 
migration, invasion and epithelial 
mesenchymal transition of HCC cells. 

[45, 96] 

Acute myeloid 
leukemia 

The binding of TRIB1 with MEK1 enhanced 
ERK phosphorylation and induced the 
downregulation of C/EBP α protein 
expression; COP1 and TRIB1 form oncoprotein 
complexes, which promote the degradation of 
C/EBP α; TRIB1/HOXA9 axis accelerates 
leukemia by up regulating the expression of 
ERG. 

[21,26,46]  

Non-small cell 
lung cancer  

In NSCLC, the interaction between TRIB1 and 
HDAC mediates the inactivation of p53. In 
addition, TRIB1 also participates in the 
abnormal activation of PI3K/Akt pathway and 
promotes the proliferation of cancer cells. 

[44, 45] 

Breast invasive 
ductal cancer 

TRIB1 improves cancer-associated fibroblast 
activity. 

[97] 

Colorectal 
cancer 

TRIB1 activates MMP-2 through FAK / Src 
and ERK pathways and promotes colorectal 
cancer cell migration. 

[98, 99] 

Human glioma TRIB1 formed a complex with pHDAC1 to 
inhibit the expression of p53 in glioma cells 
and increased the radioresistance of tumor 
cells. 

[52] 

 

 
Figure 1. TRIB1 interaction pathways. 
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TRIB1 and leukemia 
AML is the most common subtype of leukemia 

in adults [27]. Rothlisberger et al. found that TRIB1, 
which is located on the same chromosome as the 
leukemia-related gene MYC, also plays a key role in 
hematopoietic stem cell cycle regulation, metabolism, 
apoptosis, differentiation, cell adhesion, and 
tumorigenesis and participates in regulating 
hematopoietic homeostasis [28]. 

In AML, MYC and TRIB1 are significantly 
overexpressed compared to their expression in 
normal leukemia [28, 29]. TRIB1 mainly depends on 
the MEK/ERK pathway and C/EBPα protein to 
influence AML occurrence and development. The 
highly conserved C-terminal ILLHPWF module of 
TRIB1 is used as a molecular scaffold to bind MEK1 to 
enhance ERK phosphorylation, thereby promoting 
cell proliferation and inhibiting apoptosis [22]. In 
addition, the ILLHPWF module plays an important 
role in TRIB1-induced C/EBPα degradation. The 
ubiquitination/degradation of C/EBPα affects the cell 
cycle. During the hematopoietic process, wherein the 
hematopoietic stem cells mature into granulocyte- 
monocyte progenitor cells (GMPs), the protein levels 
of C/EBPα are significantly increased. Lack of 
C/EBPα, thus, not only leads to self-renewal 
disorders of hematopoietic stem cells but also inhibits 
GMP and granulocyte production, eventually 
inducing the occurrence of AML [30]. The C-terminus 
of TRIB1 is used as a substrate-binding platform, 
which binds to constant photomorphogenesis protein 
1 (COP1) and promotes ERK phosphorylation to bind 
to C/EBPα to degrade the target protein. Inhibition of 
ERK phosphorylation can reduce TRIB1-induced 
C/EBPα degradation, suggesting that the interaction 

between TRIB1 and MEK1 is necessary for the 
occurrence of TRIB1-induced leukemia [22, 31]. 
Yoshino et al. also found evidence that TRIB1 
regulates HOXA9-induced leukemia, suggesting that 
TRIB1 could be a potential therapeutic target for 
HOXA9-related AML. ERG silencing abrogated the 
growth advantage of TRIB1 overexpression in AML 
indicating that ERG is an important downstream 
target of TRIB1-HOXA9 axis [26]. However, another 
study compared the transcriptome data of healthy 
controls and 285 AML patients and found that the 
expression of TRIB1 was significantly decreased in a 
small number of AML patients [32]. Therefore, TRIB1 
overexpression seems to be characteristic to certain 
cancer subtypes and may not be used as a general 
marker of cancer (Figure 2). 

TRIB1 and prostate cancer 
Prostate cancer (PCa) is the most common 

non-skin cancer among men and the second leading 
cause of cancer death in men, with 1.1 million men 
diagnosed every year worldwide [33]. As the baseline 
level of prostate-specific antigen (PSA) varies among 
different races, some cases cannot be accurately 
diagnosed [34]. Thus, it is of great importance to 
identify novel genetic markers of PCa to achieve early 
and accurate diagnosis of PCa. Increasing evidence 
has shown that TRIB1 can directly or indirectly 
regulate the development of PCa through the 
androgen receptor (AR), NF-κB, and the endoplasmic 
reticulum partner glucose-regulated protein 78 kDa 
(GRP78) [35-37]. Therefore, it may serve as a healing 
factor. 

Moya et al. studied TRIB1 expression in 
clinically malignant PCa and normal tissues. They 
observed that the mRNA and protein levels of TRIB1 

were increased in PCa tissues by more 
than three-fold [36, 38]. RNA 
sequencing showed that the short 
tandem repeats of TRIB1 were elevated 
in PCa compared to those in the 
adjacent normal tissue cells, suggesting 
that TRIB1 is closely associated with the 
occurrence and development of PCa 
and could be a potential predictor of 
PCa healing [39]. In addition to its 
potential as a diagnostic marker for 
PCa, studies have found that TRIB1 
could also serve as a new target for 
treating PCa. TRIB1 can directly 
regulate ARs that signal through ERK 
phosphorylation, thereby driving the 
onset and progression of PCa [35]. It 
can also suppress nuclear factor kappa 
B (NF-κB) activity by regulating IκB 

 

 
Figure 2. Summary of TRIB1 in Acute myeloid leukemia (AML), Prostate cancer (PCa), and drug resistance. 
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expression, indirectly affecting the development of 
PCa [37, 40]. Deletion of the tumor suppressor Pten in 
the prostate epithelium leads to PCa. Shahrouzi et al. 
found that the expression of TRIB1 in the prostate of 
mice with PCa (Ptenpc−/−) was higher than in wild-type 
controls (Ptenpc+/+). They then developed a 
Cre-dependent TRIB1 transgenic mouse model, in 
which the incidence of PCa was increased in Ptenpc+/− 
mice from 16.7% to 50% [41]. Additionally, TRIB1 
participates in the endoplasmic reticulum pathway 
and is required for the expression of the endoplasmic 
reticulum partner GRP78, which is closely related to 
the occurrence of prostate tumors [36]. 

At present, experiments have shown that 
miR-224 can exert a partial tumor inhibitory effect in 
PCa by targeting TRIB1 [42]. TRIB1 inhibits IKB-zeta 
in prostate cancer and promotes macrophages to the 
M2 phenotype [43]. These findings reveal that the 
abnormal expression of TRIB1 may promote prostate 
cancer progression, thus making it a new potential 
biomarker for PCa diagnosis and prognostic 
evaluation (Figure 1). 

TRIB1 and tumor drug resistance 
Chemotherapy is an important method for 

treating malignant tumors, including those of AML 
and PCa. With the extension of treatment time, the 
suppressive effects of some drugs on tumor 
progression gradually weaken, although they have 
significant curative effects in the early stages of 
cancer. The strong drug resistance of tumor cells 
causes failure in chemotherapy. In addition to being 
involved in cancers such as AML, PCa, and liver 
cancer, TRIB1 can also regulate tumor cell activity 
through pathways such as PI3K/AKT, HDAC1/p53 
and C/EBPα, thereby affecting the resistance of tumor 
cells (Figure 1). 

Cisplatin is commonly used in the clinical 
treatment of non-small cell lung cancer. Recent 
studies have shown that cisplatin can induce an 
increase in TRIB1 protein expression with an increase 
in treatment time. Increased TRIB1 subsequently 
activates the PI3K/AKT pathway and promotes 
tumor cell proliferation, migration, and invasion, and 
treatment of resistance, eventually leading to the 
accumulation of cancer stem cells and the generation 
of multidrug resistance [44, 45]. Similarly, Wan et al. 
found that K562 cells promoted cell viability and 
increased adriamycin resistance by upregulating 
miR-103 expression. Overexpression of miR-103 
significantly increased the expression of TRIB1, while 
the inhibitor of miR-103 restored the drug sensitivity 
of K562 cells through the regulation of COP1, TRIB1, 
and PI3K/AKT pathways [46]. 

The JAK-STAT signaling pathway is a cytokine- 

stimulated signal transduction pathway, which is 
involved in many important biological processes, 
such as cell proliferation, differentiation, apoptosis, 
and immune regulation. It has been found that TRIB1 
plays a key role in macrophage differentiation 
through synergistic interactions with MAP/ERK and 
JAK/STAT pathways [47]. TRIB1 can induce 
polarization of M2 macrophages [48], which play an 
important role in stimulating angiogenesis, tumor 
growth, and metastasis by secreting growth factors 
and cytokines [49]. Chen et al. found that JAK1/2 
pathway inhibition suppresses M2 polarization and 
overcomes myeloma resistance by reducing TRIB1 
expression [50]. 

Furthermore, in triple-negative breast cancer, 
microarray technology was used to evaluate changes 
in gene expression patterns in paclitaxel-resistant 
Hs578T/Pax and MDA-MB-231/Pax cells. The 
changes in TRIB1 at the transcriptome and genomic 
levels were highly correlated with drug resistance. 
Although there was no further experimental 
explanation for this result, it also suggested the role of 
TRIB1 in drug resistance in triple-negative breast 
cancer [51]. 

In addition to regulating molecular pathways, 
Tang et al. found that TRIB1 can directly form a 
complex with phosphorylated histone deacetylase 
1(HDAC1) to inhibit p53 expression in glioma cells. In 
contrast, glioma cells lacking TRIB1 exhibit enhanced 
responses to radiation-induced apoptosis [52]. 
Inhibition of TRIB1 or HDAC1 has the potential to 
prevent or reduce radio resistance. Mechanistic 
research showed that TRIB1 enhanced HDAC1- 
mediated p53 deacetylation, decreased p53 binding to 
DNA, and reduced p53 tumor suppressor activity, 
suggesting that TRIB1 may be a new molecular target 
for cancer treatment [53] (Table 2). 

 

Table 2. TRIB1 and tumor drug resistance 

Pathway Cancer Biological consequence References 
PI3K/AKT Non-small cell 

lung cancer; 
Acute myeloid 
leukemia 

Over activation and up regulation 
of PI3K/Akt signaling pathway 
promoted tumor proliferation, 
migration, invasion and drug 
resistance. 

[44, 46] 

HDAC1/p53 Non-small cell 
lung cancer; 
Human glioma; 
Human breast 
cancer 

TRIB1 enhanced histone deacety 
lase 1 (HDAC1)-mediated p53 
deacetylation and decreased tumor 
suppressor activity of p53. 

[45, 52, 53] 

JAK1/2 Myeloma JAK/STAT pathway may mediate 
M2 polarization by increasing 
TRIB1, and TRIB1 induces 
polarization of M2 macrophages, 
promotes tumor growth and 
metastasis, and enhances drug 
resistance. 

[50] 

Erk1/2 Triple negative 
breast cancer 

IL-6, CXCL8, VEGFA, EGR1, PTGS2 
and TRIB1 upregulate and mediate 
drug resistance in the treatment of 
breast cancer with paclitaxel. 

[51] 
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TRIB1 and inflammation 
As is well known, TRIB1 affects the development 

of inflammation by affecting the differentiation of 
macrophages. Macrophages are generally divided 
into M1 and M2 subtypes [54, 55]. M1 macrophages 
participate in the inflammatory response by secreting 
pro-inflammatory cytokines and chemokines, which 
target bacterial and viral infective host defense [56]. 
M2 macrophages downregulate the immune response 
by secreting inhibitory cytokines IL-10 or TGF-β, 
which play an important role in parasite infection, 
tissue damage repair, and tumorigenesis 
development [57]. Studies have found that TRIB1 
molecules act as a linker protein, participating in the 
degradation of C/EBPα protein by interacting with 
COP1, thus resulting in the reduction of M2 
macrophages in the spleen, liver, lung, peripheral 
blood, and bone marrow of TRIB1-deficient mice. 
High-fat-fed hematopoietic cell-specific TRIB1 
knockout mice have increased triglyceride levels, 
insulin resistance, and proinflammatory cytokine 
expression [48]. 

In addition to M2 macrophages, TRIB1 also 
affects cytokine expression. TRIB1 can bind to 
pHDAC1, thereby reducing the inhibitory effect of 
HDAC1, activating nuclear factor of activated T-cells 
2 (NFAT2), and promoting NFAT2-induced IL-2 
transcription [58]. TRIB1 knockout significantly 
reduces the activation of the IL-2 promoter, resulting 
in reduced IL-2 induction [58, 59]. These results 
collectively indicate that TRIB1 is a positive regulator 
of IL-2 induction in activated T cells and a key 
transcription factor induced by IL-2. Furthermore, 
TRIB1 is a pro-inflammatory gene that regulates the 
production of TNF-α and controls the activity of 
NF-κB [60]. In adipocytes, TRIB1 acts as a nuclear 
transcription coactivator of the NF-κB subunit RelA, 
thereby promoting the induction of pro-inflammatory 
cytokines in these cells [61]. Studies have reported 
that the expression of TRIB1 is specifically 
upregulated during acute and chronic inflammation 
of white adipose tissue in mice. Deficiency of TRIB1 
reduces cytokine gene expression in white adipocytes 
and prevents high-fat diet-induced obesity [61, 62]. 

Thus, TRIB1 participates in physiological and 
pathological reactions through immune cells such as 
macrophages, granulocytes, and regulatory T cells 
[63-65]. Changes in TRIB1 levels are associated with 
the activation of NF-B and MAPK, and the production 
of inflammatory cytokines affects the development of 
inflammation, which in turn leads to autoimmune 
diseases, cancer, and obesity [66, 67]. 

TRIB1 and hyperlipidemia 
Genome-wide association analysis (GWAS) has 

released data over the past decade showing that more 
than 175 loci are strongly correlated with major 
circulating lipid levels. Most of these genes are 
specifically related to one or two lipids, while some 
genes, such as SUGP1, ZPR1, TRIB1, HERPUD1, and 
FADS1, are associated with all circulating lipid levels 
[68]. Further research confirms that the TRIB1 gene is 
closely associated with TG and LDL-C levels, an 
increase in which may increase the risk of coronary 
artery disease [69]. 

Current studies on TRIB1 and lipids have mainly 
focused on blood lipids and liver fat. It has been 
found that an overexpression of TRIB1 in mouse liver 
leads to a decrease in plasma cholesterol and TG 
levels and a reduction in VLDL secretion [70, 71]. 
TRIB1 can cooperate with SAP18 and mSin3A to 
activate the transcription of microsomal triglyceride 
transporter protein (MTTP) [72]. Therefore, knocking 
out TRIB1 in human liver cells reduces the expression 
of MTTP and APOB [72-74]. APOB protein is the main 
apolipoprotein component of VLDL and LDL. TRIB1 
affects blood lipid levels by controlling the 
metabolism of lipid transporters in mice. In addition, 
TRIB1 is involved in lipogenesis. Carbohydrate 
response element binding protein (ChREBP) is a 
glucose-sensitive molecule involved in hepatic 
lipogenesis [75]. Overexpression of TRIB1 can 
downregulated ChREBP mRNA and protein levels, 
thereby affecting adipogenesis [76]. Meanwhile, 
TRIB1 liver-specific knockout mice showed increased 
VLDL production and increased plasma TG and TC 
levels [73]. Moreover, the knockout of TRIB1 
increased the expression of liver C/EBPα protein, 
thereby promoting the production and accumulation 
of fat in liver cells. Increased liver lipid deposition can 
lead to liver cell damage, which increases serum 
transaminase levels, liver steatosis, and non-alcoholic 
fatty liver disease [70, 77]. 

Studies have shown that mice with circadian 
disturbances or lack of circadian rhythm genes exhibit 
altered triglyceride and cholesterol metabolism, 
which then progress to diabetes, obesity, and 
metabolic syndrome [78, 79]. Similar research 
suggests that sleep homeostasis plays a role in 
regulating lipid metabolism. Although the circadian 
rhythm of TRIB1 is weak in mice, it plays an 
important role in restoring sleep homeostasis after 
sleep restriction [80, 81]. In the hyperlipidemia model, 
with the disruption of the PCSK9/LDL receptor 
regulation axis caused by the dark and light cycle 
disorder and the liver BMAL1 rhythm gene disorder, 
the overexpression of TRIB1 restored the plasma 
PCSK9 level, increased the expression of LDL receptor 
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protein, and restored plasma cholesterol homeostasis 
in mice lacking the liver clock gene [81]. In addition to 
restoring circadian rhythm through the PCSK9/LDL 
receptor regulation axis, we found that COP1 binding 
to TRIB1 also showed rhythmicity. COP1 is a highly 
conserved E3 ubiquitin ligase that shuttles between 
the nucleus and the cytoplasm [82]. In plants, COP1 
localization is controlled by light and exhibits a 
light-dark rhythm [83]. In mammals, TRIB1 can mimic 
the light regulation of COP1 localization in plants. 
TRIB1 blocks the nuclear export of COP1 by 
disrupting intramolecular interactions within COP1 
[84]. These sets of experimental evidence suggest that 
TRIB1 may be able to restore obesity and 
hyperlipidemia caused by circadian rhythm disorders 
by regulating the discipline gene. This part of the 
mechanism remains to be elucidated. 

In addition to blood lipids and liver lipids, some 
studies have shown that TRIB1-deficient mice have 
adipose tissue metabolism disorders, reduced adipose 
tissue, and thus, the area of fat cells becomes smaller. 
Concurrently, the number of macrophages in the 
adipose tissue of TRIB1-deficient mice is also less than 
that in wild-type mice [48]. In the case of a high-fat 
diet, TRIB1-deficient mice exhibit high levels of lipids, 
cholesterol, blood glucose, and insulin. Another 
review reported that the expression of TRIB1 is 
specifically upregulated during acute and chronic 
inflammation of WAT in mice. TRIB1 knockout 
reduces the expression of cytokine genes in white 
adipocytes and prevents high-fat diet-induced obesity 
[61]. All lipid metabolism disorders caused by TRIB1 
observed in these studies are discussed from the 
perspective of immune inflammation, and the 
relationship between TRIB1 and fat development 
remains to be explored. 

TRIB1 and cardiovascular disease 
The regulatory effects of TRIB1 on circulating 

lipids and immune cells suggest that TRIB1 is 
associated with the development of cardiovascular 
diseases. Atherosclerosis is a chronic cardiovascular 
disease. Vascular wall damage plays an important 
role in the development of atherosclerotic plaques. 
Local abnormalities of vascular walls cause 
endothelial cell dysfunction or cell death, which leads 
to the production and release of a variety of 
inflammatory cytokines and chemokines [85]. 
Monocytes are then recruited to the lesion site where 
they differentiate into macrophages and are 
transformed into foam cells by ingesting oxidized 
low-density lipoprotein (ox-LDL) particles to form 
vascular plaques [86]. 

A GWAS has shown that the TRIB1 gene is 
associated with elevated triglyceride levels. Elevated 

triglyceride levels represent an increased risk of 
cardiovascular diseases [87, 88]. In the development 
of atherosclerosis, M2 macrophages are gradually 
replaced by M1 inflammatory macrophages, while 
TRIB1 is associated with the differentiation of M2 
macrophages that maintains homeostasis and repair 
of damaged tissue [48, 89, 90]. TRIB1 knockout leads 
to metabolic disorders and cardiovascular disease by 
affecting the repair of M2 macrophages. In addition, 
under pathogenic conditions, mitogen-activated 
protein kinase (MAPK) is associated with 
inflammatory factor-mediated migration and 
proliferation of vascular smooth muscle cells (VSMCs) 
[91, 92]. TRIB1 regulates the activity of the MAPK 
cascade by binding to MAPKK (MAPK kinase). 
Recent studies have shown that TRIB1 is a negative 
regulator of MAPKK4 activation of c-Jun N-terminal 
kinase in vascular smooth muscle cells, which can 
reduce the chemotaxis of inflammatory factors and 
inhibit the migration and proliferation of vascular 
smooth muscle cells [93, 94]. 

The above studies show that the expression of 
TRIB1 can reduce the risk of cardiovascular disease 
through reducing triglyceride levels, maintaining 
steady-state phagocytosis and percentages of M2 
macrophages, and inhibiting the chemotaxis of 
inflammatory factors and cardiovascular 
reconstruction. We speculate that TRIB1 may be a 
favorable factor in cardiovascular diseases. 
Interestingly, the latest experimental data from 
Johnston et al. showed that a decrease in the 
expression of myeloid-specific TRIB1 can inhibit the 
formation of early atherosclerosis, and an increase in 
the level of TRIB1 transcription can cause 
atherosclerosis [95]. It has been reported that TRIB1 
increases the accumulation of macrophage lipids, and 
the expression of key receptors (OLR1) promotes the 
uptake of oxidized low-density lipoproteins and 
forms lipid-rich foam cells. These inconsistent results 
may indicate that drug therapy with specific silencing 
of TRIB1 expression in macrophages may need to be 
adopted in the early stages of atherosclerosis. 

Conclusion 
The regulatory role of TRIB1 as a pseudokinase 

protein in tumor development is extremely important. 
In recent years, in addition to cancers and 
cardiovascular diseases, chronic diseases such as 
chronic low-grade inflammation and lipid 
metabolism disorders have also attracted great 
attention. TRIB1 is also involved in macrophage 
polarization, inflammatory factor regulation, and fat 
synthesis, linking inflammation and cardiovascular 
disease. However, this is only based on the 
speculation of the current literature and the 
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relationship between TRIB1. Hyperlipidemia, 
inflammation, and cardiovascular diseases require 
further research. 

In summary, TRIB1 participates in multiple 
signal transduction pathways in humans and can 
show synergistic or completely antagonistic effects in 
different pathways. TRIB1 is associated with 
tumorigenesis in acute leukemia and prostate cancer. 
TRIB1 is also involved in a series of non-neoplastic 
diseases, including metabolic disorders, 
cardiovascular diseases, and autoimmune diseases. 
TRIB1 plays a particularly important role in the 
differentiation and development of M2-like 
macrophages inherent in tissues, and thus affects the 
body's inflammation and development, and the 
adipose tissue metabolism. The above studies have 
enriched our knowledge of macrophages. An 
understanding of the mechanism of cell 
differentiation and development also provides new 
ideas for the treatment of related diseases. 
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cells. 
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