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Abstract: Tumor necrosis factor (TNF) is the first cytokine used in tumor biotherapy, but TNF-

related drugs are limited by the lack of specific targets. Tumor necrosis factor alpha-induced

proteins (TNFAIPs), derived from TNF, is a protein family and participates in proliferation,

invasion and metastasis of tumor cells. In order to better understand biological functions and

potential roles of TNFAIPs in malignant tumors, this paper in the form of “Gene–Protein–Tumor

correlation” summarizes the biological characteristics, physiological functions and mechanisms

of TNFAIPs by searching National Center of Biotechnology Information, GeneCards, UniProt

and STRING databases. The relationship between TNFAIPs and malignant tumors is analyzed,

and protein–protein interaction diagram in members of TNFAIPs is drawn based on TNF for the

first time. We find that TNF as a key factor is related to TNFAIP1, TNFAIP3, TNFAIP5,

TNFAIP6, TNFAIP8 and TNFAIP9, which can be directly involved in activating TNFAIP1,

TNFAIP5, TNFAIP8 and TNFAIP9.We confirm that themechanism of TNFAIP1, TNFAIP2 and

TNFAIP3 inducing tumors may be related to NF-κB signaling pathway, but the mechanism of

tumor induction by other members of TNFAIPs is not clear. In the future, translational studies are

needed to explore the mechanisms of TNF-TNFAIPs-tumors.

Keywords: tumor necrosis factor alpha-induced proteins, malignant tumor, biological

characteristics, physiological functions

Introduction
Tumor necrosis factor (TNF) is one of the well-known bioactive factors. In 1975,

Carswell et al found that there were a class of substances in serum of mice, which

could kill tumor cells and cause hemorrhagic necrosis of tumor tissues, called TNF

or Cachectin.1 Previous studies showed that the sources of TNF were diverse, and it

could be released by multiple cells in mammals, such as macrophages, fibroblasts,

lymphocytes, endothelial cells, smooth muscle cells and epidermal cells.2

According to genetic structure, TNF is divided into TNF-α produced by activated

macrophages and TNF-β rooted in activated T cells and NK cells.3 Both TNF-α and

TNF-β may encode different proteins that perform specific functions. Further

studies have found that the biological activity of TNF-α dominates in nature and

is closely related to malignant tumors and autoimmune diseases. However, how to

explore TNF-related specific targets has always been a hot and difficult topic.

Tumor necrosis factor alpha-induced proteins (TNFAIPs) is a protein family that is

induced by TNF-α. The members of TNFAIPs family mainly include TNFAIP1,

TNFAIP2, TNFAIP3, TNFAIP4, TNFAIP5, TNFAIP6, TNFAIP8 and TNFAIP9,

with the exception of TNFAIP7 which has been removed from the National Center

of Biotechnology Information (NCBI) databases by HUGO Gene Nomenclature
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Committee (HGNC). Recently, we compare the similarity of

amino acid sequences among members of TNFAIPs' family

by using UniProt database (https://www.uniprot.org) to

confirm amino acid sequences, CLUSTALW software

(https://www.genome.jp/tools-bin/clustalw) for amino acid

sequence comparison, ESPript 3.0 (http://espript.ibcp.fr/

ESPript/cgi-bin/ESPript.cgi) and Adobe PhotoShop CS6

software for data processing and image beautification. Our

study confirmed that all members of TNFAIPs' family can be

induced by TNF, but they have less than 15% amino acid

sequence similarity with each other, indicating that they may

have different biological characteristics (Supplementary

Figure 1). Previous studies have found that the expression

of TNFAIPs may regulate cell differentiation, apoptosis,

immune response, inflammatory response, signal transduc-

tion and material transport. They also play important roles in

diseases, especially malignant tumors.4–6 However, there are

only reports on individual member of TNFAIPs family until

now, and lack of researches reveals the internal relationship

between TNFAIPs' members. Understanding the basic char-

acteristics and physiological functions of TNFAIPs is con-

ducive to discovering the TNF-related mechanism of tumor

development.

This paper summarizes the basic characteristics and

physiological functions of TNFAIPs by NCBI,

GeneCards, UniProt and STRING databases, and analysis

the relationship between TNFAIPs and malignant tumors.

The aim is to understand the characteristics and mechan-

isms of TNFAIPs in Homo sapiens and to elucidate the

role of TNFAIPs in the development of malignant tumors.

Basic Characteristics and
Physiological Functions of TNFAIPs
TNFAIP1
Basic Characteristics of TNFAIP1

TNFAIP1 is a highly conservative single-copy gene found in

human umbilical vein endothelial cells. Protein encoded by

this gene is identified as the first protein produced by TNF-α
and is similar to potassium channel tetramerisation domain

containing 10 (KCTD10) and potassium channel tetramerisa-

tion domain containing 13 (KCTD13) which belongs to

a member of polymerase delta-interacting protein 1 (PDIP1)

family.7

Physiological Functions and Mechanisms of TNFAIP1

Protein

In recent years, TNFAIP1 has been shown to participate in

DNA synthesis, damage and repair, induce differentiation

and apoptosis, and interfere signal transduction.7–9 In addi-

tion, the multiple upstream regulatory sequences and

micro ribonucleic acid (miRNA) are revealed to be

involved in transcriptional regulation of TNFAIP1.10–14

The physiological mechanism of TNFAIP1 is not yet

clear. Previous studies have found that casein kinase 2

(CK2) could phosphorylation of TNFAIP1 in vivo and

vitro, and the interaction between TNFAIP1 gene and

proliferating cell nuclear antigen (PCNA) can be enhanced

by interfering with the distribution of genes in nucleus,

suggesting that the phosphorylated TNFAIP1 may have

some physiological functions.9 However, other researchers

have a different view and have published studies confirm-

ing that TNFAIP1 can interact directly with PCNA and

DNA polymerase delta subgroup. Otherwise, TNFAIP1

may be associated with KCTD10 and enhanced the ubi-

quitination degradation of KCTD10 protein and inhibited

the transcriptional activity of nuclear factor kappa B (NF-

κB) receptor and activating protein-1 (AP-1) receptor.7

TNFAIP2
Basic Characteristics of TNFAIP2

TNFAIP2 locates in human chromosome 14q32.32 and

codes a protein which has 654 amino acids and molecular

weight of 73 kDa. TNFAIP2 belongs to the SEC6 family

and is originally thought to be a novel gene induced by

TNF-α in human endothelial cells.15 Previous studies have

shown that TNFAIP2 is expressed in embryonic liver and

kidney, male mature germ cells, hematopoietic and lym-

phoid tissues.16

Physiological Functions and Mechanisms of TNFAIP2

TNFAIP2 is involved in a variety of physiological pro-

cesses during organ formation and development, including

inflammation, angiogenesis, cell differentiation, bone mar-

row tissue production, sperm production and so on.16 In

vitro experiments, TNFAIP2 used to be differentially

expressed in blood vessels, and it maybe an inhibitor of

NF-κB or an auto-inhibitor of TNF-α response.17

TNFAIP2 can also serve as a target gene for retinoic acid

and play an important role in inducing apoptosis in acute

promyelocytic leukemia and multiple tumors.18 Some stu-

dies have demonstrated that TNFAIP2 can regulate inflam-

mation and angiogenesis, induce apoptosis, promote cell

proliferation, adhesion, migration and invasion, and med-

iate the formation of membrane nanotubes by NF-κB
signaling pathway, Retinoic acid signaling pathway and

Kruppel-like factor 5 (KLF5) signaling pathway.19 In
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2014, researchers confirmed that EBV oncoprotein and

latent membrane protein 1 (LMP1) could transcriptionally

induce TNFAIP2 expression by NF-κB signaling pathway,

and up-regulation of TNFAIP2 could promote cell migra-

tion in nasopharyngeal carcinoma (NPC).20 In breast can-

cer, researchers discovered that TNFAIP2 interacted with

two small GTPases Rac1 and Cdc42, thereby increasing

their activities to change actin cytoskeleton and cell mor-

phology. KLF5 had functions such as promotes cancer cell

proliferation, migration and invasion through directly

binding to the TNFAIP2 gene promoter and activated the

transcription. Therefore, TNFAIP2 might be a direct KLF5

target gene.16 TNFAIP2 was also a microfold cells-

associated gene which could be induced by adding cyto-

kine receptor activator of NF-κB ligand to enteroid

structure.21 Recently, Scholz et al identified potent transla-

tion-inhibitory upstream open reading frames (uORFs) in

the transcript leader sequence (TLS) of TNFAIP2, and

TNFAIP2 might be a novel target of uORF-mediated

translational regulation.22 Moreover, TNFAIP2 expression

could induce epithelial-to-mesenchymal transition (EMT)

and confer platinum resistance in urothelial cancer cells,

suggesting that there was a correlation between TNFAIP2

and EMT after cisplatin treatment, and the expression level

of MTDH in tumor cells could affect TNFAIP2-derived

EMT acquisition.23

TNFAIP3
Basic Characteristics of TNFAIP3

TNFAIP3 locates in chromosome 6q23.3 and had 12

exons. TNFAIP3 protein as a zinc finger protein and ubi-

quitin shearing enzyme can suppress activated NF-κB
signal pathway and induce apoptosis of TNF by activating

ubiquitin ligase and ubiquitinase.24 Some studies showed

that TNFAIP3 could play an important role in immune and

inflammatory responses mediated by cytokines.24–26

Physiological Functions and Mechanisms of TNFAIP3

TNFAIP3 is a ubiquitin modification enzyme and a negative

regulator which can negatively regulate NF-κB signaling

pathway through epigenetic silencing, deletion, somatic cell

mutation and other inactivation. It is well known that NF-κB
signaling pathway plays an important role in body immunity

and inactivated NF-κB signaling pathway can lead to auto-

immune or inflammatory diseases. In addition, TNFAIP3 re-

expression can inhibit proliferation, decrease expression of

target genes in NF-κB signaling pathway, increase cytotoxi-

city and induce apoptosis in cells lacking TNFAIP3.25 At

present, there are few studies on themechanism of TNFAIP3.

Wenzl et al found that TNFAIP3 rs143002189 polymorphism

was the substitution of isoleucine (Met) by isoleucine (Ile) at

788 sites of ZnF7 amino acid chain, which altered the struc-

ture and appearance of protein leading to tumors.27

TNFAIP4
Basic Characteristics of TNFAIP4

TNFAIP4, commonly known as Ephrin A1 (EFNA1), is

located in chromosome 1q22 and has four exons and

belongs to the receptor tyrosine kinase ligand family

(Ephrins). Ephrins and receptors make up the largest sub-

family of tyrosine kinase proteins and can play an impor-

tant role in human growth, especially in regulating the

nervous system and erythrocyte.28 According to structure

and sequence, Ephrins is divided into Ephrin-A (EFNA)

and Ephrin-B (EFNB). EFNA is attached to cell mem-

brane by the glycosylphosphatidylinositol and can be com-

bined with erythropoietin-producing hepatoma A2

(EphA2), EphA4, EphA5, EphA6 and EphA7 receptors.

However, EFNB is a transmembrane protein and two

transcriptional mutations encode different isomers.29

Physiological Functions and Mechanisms of TNFAIP4

TNFAIP4 is involved in cell migration, repulsion, adhesion,

angiogenesis and dendritic spine morphogenesis. At present,

Ephrin-eph signal theory is extremely complicated and the

functional mechanism of TNFAIP4 is unclear.30 EFNA1,

hypoxia and endothelial nitric oxide synthase (eNOS) were

believed to be key roles in tumor angiogenesis several years

ago. Hypoxia could increase EFNA1 in squamous cells,

especially in the upper layer. Tumor angiogenesis induced

by EFNA1 could increase the production of nitric oxide (NO)

in human umbilical vein endothelial cells (HUVECs). The

phosphorylation of protein kinase B (Akt) Ser473 and eNOS

Ser1177 was increased in HUVECs by EFNA1 stimulation.

LY294002 induced by EFNA1 was a specific inhibitor of

phosphatidylinositol 3 (PI3K), and it could significantly

reduce the expression of phosphorylated Akt Ser473 and

eNOS Ser1177. Therefore, depending on activated eNOS

and interaction between PI3K and Akt, EFNA1 could pro-

mote angiogenesis in the tumor microenvironment and may

be a new mechanism of tumor angiogenesis.31

TNFAIP5
Basic Characteristics of TNFAIP5

TNFAIP5, also known as pentraxin 3 (PTX3) or tumor-

specific glycoprotein 14 (TSG-14), is located in chromosome
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3q25.32 and has 3 exons and a cyclic polymeric structure.

TNFAIP5 expression is caused by inflammatory cytokines

induced by inflammatory stimulation of mesenchymal cells

and epithelial cells and can participate in acute inflammation

and immune response.32

Physiological Functions and Mechanisms of TNFAIP5

PTX3 promotes the differentiation of fibroblasts, regu-

lates inflammatory response and activates complement

and participates in angiogenesis and tissue

reconstruction.33 Currently, there are few studies on the

mechanism of TNFAIP5 or PTX3, but the most common

function of TNFAIP5 or PTX3 is to regulate inflamma-

tory response. PTX3 is similar to C-reactive protein

(CRP), which is caused by acute inflammation (eg, bac-

terial products, IL-1 and TNF). PTX3 is rapidly produced

and released by macrophages, vascular endothelial cells,

fibroblasts and dendritic cells, which are dominated by

macrophages and vascular endothelial cells, and CRP is

mainly produced by liver cells under the regulation of

cytokine IL-6. Therefore, the level of PTX3 may be more

directly responsive to the inflammatory state.32,34

Previous studies found that PTX3 participates in inflam-

matory, regulates the distribution of white blood cells and

improves the permeability of blood vessels by binding to

different ligands such as growth factors, extracellular

matrix components, complement cascade molecules,

pathogen recognition proteins, angiogenesis and adhesion

molecules.35 In addition, it was reported that PTX3 can

inhibit growth and invasion of tumor cells by blocking

Akt and NF-κB signaling pathway, but the mechanism

was still unclear.36

TNFAIP6
Basic Characteristics of TNFAIP6

TNFAIP6, also known as TSG-6, is located in chromosome

2q23.3 and has 6 exons, and it is composed of a CUB (com-

plement subcomponents C1r/C1s, Uegf, BMP-1) domain and

a hyaluronan-binding LINK domain.37 TNFAIP6 protein is

a secreted protein which belongs to a member of the hyaluro-

nic acid-binding protein family, and it may be related to the

stability of extracellular matrix and cell migration.38,39

Physiological Functions and Mechanisms of TNFAIP6

TSG-6 is believed to be an inflammatory protein asso-

ciated with accelerated wound healing and reduced tissue

fibrosis, and it can regulate chemokines by inhibiting the

interaction of chemokines and mucopolysaccharides.40,41

In rheumatoid arthritis and osteoarthritis, a study found

that TSG-6 was high expression in patients’ joints, sug-

gesting that TSG-6 might be a proinflammatory medium.

Contrarily, TSG-6 could inhibit inflammatory models of

arthritis and graft rejection, suggesting that TSG-6 also

had anti-inflammatory property, and it was considered to

be a major anti-inflammatory mediator of human mesench-

ymal stem cells in the models of myocardial infarction,

corneal injury, peritonitis, traumatic brain injury, acute

lung injury, trauma repair and diabetes.40 In vitro studies

found that TSG-6 interacted with protein ligands and dif-

ferent mucopolysaccharides, and it could inhibit neutro-

philic migration.39 In addition, TSG-6 could inhibit the

transmigration of neutrophils stimulated by chemokines

through direct interaction between TSG-6 and CXCL8

binding site. At the same time, TSG-6 might impair the

binding of CXCL8 to cell surface mucopolysaccharide, as

well as the transport of CXCL8 in endothelial cells.38

Another study found that TSG-6 interacted with chemo-

kine CXCL11 and CCL5, suggesting that it might be

similar to the encoded virus and had the function of

specific chemokine binding proteins.40

TNFAIP8
Basic Characteristics of TNFAIP8

TNFAIP8 is an anti-apoptotic carcinogen induced by transcrip-

tion factors and belongs to a member of TIPE family.42,43 In

1997, Patel et al discovered TNFAIP8 for the first time in

human metastatic head and neck squamous cell carcinoma

cells.44 Then, TNFAIP8 overexpression was found in various

tumor cells such as breast cancer cells, non-small cell lung

cancer (NSCLC) cells, gastric cancer cells and so on.45

Physiological Functions and Mechanisms of TNFAIP8

TNFAIP8 is similar to cytoplasmic scaffold protein and is

mainly involved in tumor formation, immune response and

inflammatory response. Studies confirmed that TNFAIP8 was

a regulator of apoptosis and played an important role in pro-

liferation, invasion, metastasis and apoptosis of tumor

cells.42,43 In the basic experiment, TNFAIP8 induced by acti-

vated NF-κB transcription factors might regulate cellular func-

tion and NF-κB signaling pathway played a key role.46–48

Another study found that TNFAIP8 mRNA induced by TNF-

α was irreversible under the action of IκBα which is a NF-κB
inhibitor. Activation of NF-κB signaling pathway induced by

TNF-α could increase TNFAIP8 expression, in contrast to

inhibit cysteine protease 8 (caspase-8) and inhibit apoptosis,

and it might lead to the formation and progression of tumors.49
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In addition, TNFAIP8-like 2 (TIPE2) is also a member of

TNFAIP8 family and could maintain immune homeostasis.

In animal experiments, mice lacking TIPE2 were more likely

to develop chronic inflammatory disease, and the abnormal

expression of TIPE2 in humans was related to systemic auto-

immune diseases, diabetic nephropathy and hepatitis B.47

TNFAIP9
Basic Characteristics of TNFAIP9

TNFAIP9 is located in chromosome 7q21.12 and belongs

to prostate six-transmembrane epithelial antigen (STEAP)

family. It is located in the golgi apparatus of cells and

reduces Fe (3+) to Fe (2+) or reduces Cu (2+) to Cu (1+)

with glutamate dehydrogenase (NAD+) receptor.

Physiological Functions and Mechanisms of TNFAIP9

Studies found that TNFAIP9 was involved in the develop-

ment and metabolism of fat cells.50,51 In addition, it could

affect the biological characteristics of normal prostate cells

and lead to prostate cancer.47,52 At present, there were

several findings about functional mechanism of TNFAIP9.

Firstly, TNFAIP9 stimulates the production of fat by enhan-

cing the expression of 1, 25-dihydroxy vitamin D3, CCAAT

or enhancer-binding protein alpha (C/EBPα) and peroxi-

some proliferator-activated receptor gamma (PPAR-γ).

Secondly, TNFAIP9 was involved in the transmission of

nutrients, hormones and inflammatory signals in metabolic

pathways. Fat-free diet, inflammatory signaling and fat

factors regulated the expression of TNFAIP9 transmem-

brane protein. However, TNF-α, IL-6, IL-1β and leptin in

fat cells regulated the metabolic activity of TNFAIP9,

which is similar to insulin signaling pathway. Thirdly,

TNFAIP9 increased the sensitivity of insulin by increasing

tyrosine phosphorylation of insulin receptor and Akt kinase,

translocating the glucose transporter GLUT4 to the cell

membrane and uptaking glucose. Fourthly, Hepatitis

B virus x (HBx) protein led to metabolic disorders, includ-

ing insulin resistance and accumulation of abnormal lipid in

liver. TNFAIP9 resisted HBx-related dysfunction of hepa-

tocyte by reducing the stability of HBx protein.53–55

To sum up, genes and proteins of TNFAIPs have spe-

cific basic characteristics and physiological functions and

may play an important role in the occurrence and devel-

opment of various diseases such as malignant tumors,

metabolic disorders and inflammation. Although mechan-

isms are still unclear, basic studies have been carried out.

The basic characteristics of genes in TNFAIPs are sum-

marized in Table 1, and the basic characteristics and phy-

siological functions of TNFAIPs are pooled in Table 2.

Table 1 Basic Characteristics of TNFAIPs Genesa

Gene Alias Location Exon

Count

Genomic

DNA

Span

Expression in Normal Tissues

or Cells

Induction Factor Subcellular

Location

Pathway

Up-Regulated Down-

Regulated

TNFAIP1 B12

B61

EDP1

BTBD34

hBACURD2

17q11.2 7 11,487 Heart – TNF

Interleukin-1β

Bacterial

Lipopolysaccharides

Cytoplasm

Nucleus

Endosome

–

TNFAIP2 B94

EXOC3L3

14q32.32 14 16,264 Whole blood

Lymph node

Spleen

Bone

– TNF

Proinflammatory

cytokines

Cytosol

Golgi

apparatus

Nuclear

membrane

Nucleus

NF-κB signaling

pathway

Retinoic acid

signaling pathway

KLF5 signaling

pathway

TNFAIP3 A20

AISBL

OTUD7C

6q23.3 12 16,997 Whole blood

Testis

Lymph node

Placenta

Peripheral blood

mononuclear cells

CD8 T cells

– TNF Cytoplasm

Nucleus

Lysosome

TNF signaling pathway

Toll-like receptor

signaling pathway

CD137 pathway

TNFR1 pathway

Innate immune system

(Continued)
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Table 1 (Continued).

Gene Alias Location Exon

Count

Genomic

DNA

Span

Expression in Normal Tissues

or Cells

Induction Factor Subcellular

Location

Pathway

Up-Regulated Down-

Regulated

TNFAIP4 EFNA1

B61

EFL1

ECKLG

EPLG1

LERK1

LERK-1

1q22 5 7037 Liver

Vitreous humor

Testis

Gallbladder

Thyroid

Glioma

tissues

TNF

Interleukin-1β

Cell

membrane

Lipid-anchor

GPI-anchor

EPHA forward

signaling pathway

EPH-ephrin signaling

pathway

Ras signaling pathway

Developmental

biology pathway

Axon guidance

pathway

TNFAIP5 PTX3

TSG-14

3q25.32 3 6837 Bone marrow

mesenchymal

stem cells

Amniocyte

– TNF

Interleukin-1β

Extracellular

Nucleus

Innate immune

system

Lung fibrosis

TNFAIP6 TSG6

TSG-6

2q23.3 6 22,456 Whole blood

Islet of Langerhans

Vitreous humor

– TNF Extracellular

Plasma

membrane

Nucleus

Cytosol

Akt signaling pathway

Innate immune

system

PAK pathway

ERK signaling

pathway

PEDF-induced

signaling

TNFAIP8 NDED

GG2-1

SCCS2

SCC-S2

MDC-3.13

5q23.1 7 125,912 Whole blood

Peripheral blood

mononuclear cells

Lymph node

T lymphocyte

Spleen

Lymph node

Thymus

Thyroid

Bone marrow

Various tumor

tissues

Unstimulated and

cytokine-activated

cultured cells

Spinal cord

Ovary

Lung

Adrenal

glands

Heart

Brain

Testis

Skeletal

muscle

TNF

Activated NF-κB

Cytoplasm Hippo signaling

pathway43 signaling

pathway

Glycerophospholipid

biosynthesis

Lipids metabolism

Pi metabolism

TNFAIP9 STEAP4

TIARP

STAMP2

SchLAH

7q21.12 6 30,484 Adipose tissue

Nasal epithelium

Testis

– TNF

Interleukin-1β

Cell

membrane

Golgi

apparatus

membrane

Early

endosome

membrane

Insulin signaling

pathway

Iron and copper

homeostasis

Notes: aData from NCBI,84 GeneCards,85,87 and UniProt databases.86

Abbreviations: TNF, tumor necrosis factor; TNFAIP, tumor necrosis factor alpha-induced protein; EDP1, endothelial protein 1; NF-Κb, nuclear factor-kappa B; KLF5,

Kruppel-like factor 5; CD137, cluster of differentiation 137; TNFR1, TNF receptor 1; GPI-anchor, glycosyl-phosphatidyl inositol anchor; EFNA1, ephrin A1; EFL1, elongation

Factor-Like 1; EPHA, erythropoietin-producing hepatoma A; EPH-ephrin, erythropoietin-producing hepatoma-ephrin; Ras, renin angiotensin system; PTX3, pentraxin-3;

TSG, tumor-specific glycoprotein; Akt, protein kinase B; PAK, P21-activated kinase; ERK, extracellular signal-regulated kinase; PEDF, pigment epithelium-derived factor;

STEAP4, prostate transmembrane epithelial antigen 4.
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Table 2 Basic Characteristics and Physiological Functions of TNFAIPs

Protein Recommended

Named

Size

(Amino

Acids)

Molecular

Mass (Da)

Physiological Function Biological Process References

TNFAIP1 hBACURD2 316 36,204 Regulate cytoskeleton structure

Regulate actin cytoskeleton and cell

migration

Induce apoptosis

Enhance PCNA-dependent DNA

polymerase delta activity

Apoptosis

Cellular migration

DNA replication

Immune response

Negative regulation of Rho protein signal

transduction

Proteasome-mediated ubiquitin-

dependent protein catabolic process

Protein homooligomerization

Protein ubiquitination

Stress fiber assembly

[7–9,14]

TNFAIP2 TNFAIP2 654 72,661 Regulate inflammation

Regulate angiogenesis

Induce apoptosis

Promote proliferation

Promote adhesion, migration and

invasion

Mediate membrane nanotube

formation

Induce ETM

Angiogenesis

Cellular differentiation

Exocyst localization

Exocytosis

[18–20,23]

TNFAIP3 TNFAIP3 790 89,614 Regulate immunity and

inflammation

Induce apoptosis

Inhibit proliferation

Negative regulate NF-κB signaling

pathway

Ensure transient inflammatory

signaling pathway

Apoptosis

Inflammatory response

Immune response

[24–26]

TNFAIP4 Ephrin A1 205 23,787 Participate in migration, repulsion

and adhesion

Regulate angiogenesis

Regulate dendritic spine

morphogenesis

Angiogenesis

Aortic valve morphogenesis

Axon guidance

Cell-cell signaling

Cellular migration

Protein stabilization

[28–30]

TNFAIP5 Pentraxin-related

protein PTX3

381 41,976 Regulate innate resistance to

pathogens

Participate in acute inflammation

response

Participate in immune response

Participate in angiogenesis and

tissue reconstruction

Inhibit growth and invasion of

tumor cells

Inflammatory response

Innate immune response

Negative regulation by host of viral exo-

alpha-sialidase activity

Negative regulation by host of viral

glycoprotein metabolic process

[32,33,36]

TNFAIP6 TNFAIP6 277 31,203 Regulate angiogenesis

Participate in inflammation and

tumorigenesis

Cell adhesion

Cell-cell signaling

Inflammatory response

Negative regulation of inflammatory

response

Neutrophil degranulation

Ovulation

Positive regulation of cellular migration

[37,38,40,41]

(Continued)
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TNFAIPs and Malignant Tumors
TNFAIP1 and Malignant Tumors
TNFAIP1 is caused by TNF-α and interleukin-6 (IL-6) in

umbilical vein endothelial cells, which is high expression

in normal cell lines and low expression in tumor cell

lines.7,8 In 2013, two studies showed that miR-372 and

miR-373 could negatively regulate TNFAIP1 expression

by NF-κB signaling pathway to control proliferation and

apoptosis in gastric cancer cells.10,11 A year later, Zhang

et al found that TNFAIP1 was significantly overexpression

in osteosarcoma. TNFAIP1 knockout could inhibit prolif-

eration and induce apoptosis in osteosarcoma cells, and it

up-regulated Caspase-3 and down-regulated NF-κB p65,

PCNA and Matrix metalloproteinase-2 (MMP-2). This

study confirmed that TNFAIP1 overexpression was also

associated with distant metastasis and suggested that

TNFAIP1 might be a potential therapeutic target for

osteosarcoma.56 Similar to the above, Tian et al had ver-

ified that TNFAIP1 was a novel gene of miR-15a and

could inhibit proliferation and invasion in osteosarcoma

cells. Low expression of TNFAIP1 could regulate the level

of miR-15a and might be a new therapeutic strategy for

osteosarcoma.12 An American study showed that

TNFAIP1 expression was negatively correlated with

miR-224 in NSCLC. Both TNFAIP1 knockout and miR-

224 overexpression could induce the same subtype and

indicated that TNFAIP1 played a certain role in prolifera-

tion and invasion through miR-224 regulation.13 Another

study discovered the interaction relationship between miR-

181a and TNFAIP1 in the Chinese population. TNFAIP1

as a downstream target gene of miR-181a could regulate

proliferation and metastasis in pancreatic cancer cells.14 In

addition, some studies showed that TNFAIP1 was not only

related to malignant tumors, but also played a role for

inflammatory-related angiogenesis, natural immunity

after HPV infection and paclitaxel resistance.57,58

TNFAIP2 and Malignant Tumors
TNFAIP2 expression was associated with malignant

tumors and septic shock, especially for prediction and

prognosis in NPC, esophageal squamous cell carcinoma

(ESCC), gastric cancer, head and neck squamous cell

carcinoma (SCCHN), lymphoma and breast cancer. NPC

is a metastable epithelial carcinoma, which is closely

related to Epstein–Barr virus (EBV) infection. Chen et al

found that TNFAIP2 as cell transfer promoter protein was

a correlation with invasion and metastasis, and it was

overexpressed in NPC samples than adjacent normal tis-

sues. TNFAIP2 overexpression might shorten the distant

disease-free survival of NPC patients, so it might be an

independent prognostic factor for NPC.59 In a cohort study

of ESCC patients, Zhang et al discovered that functional

TNFAIP2 rs8126 genetic polymorphism obviously

increased the risk of ESCC in Chinese patients, at the

same time to verify the functional genetic mutation in

3ʹuntranslated region (3ʹUTR) region may interfere with

the miRNA mediated gene regulation.60 In gastric cancer,

study showed that compared with TT+TC genotype, CC

genotype of TNFAIP2 3ʹUTR rs8126 significantly

increased the risk of gastric cancer, especially for drinking

patients, and 3ʹUTR miRNA binding site of TNFAIP2 was

Table 2 (Continued).

Protein Recommended

Named

Size

(Amino

Acids)

Molecular

Mass (Da)

Physiological Function Biological Process References

TNFAIP8 TNFAIP8 198 23,003 Regulate apoptosis

Participate in proliferation, invasion

and metastasis

Participate in inflammation

response

Participate in immune response

Apoptosis

Immune response

Inflammatory response

[42,43]

TNFAIP9 Metalloreductase

STEAP4

459 51,981 Reduce Fe (3+) to Fe (2+) or Cu (2

+) to Cu (1+)

Participate in inflammatory arthritis

Inhibit anchorage-independent cell

proliferation.

Iron ion homeostasis

Copper ion homeostasis

Fat cell differentiation

Ferric iron import across plasma

membrane

[52,53,54,55]

Abbreviations: TNFAIP; tumor necrosis factor alpha-induced protein; PCNA, proliferating cell nuclear antigen; DNA, deoxyribonucleic acid; ETM, epithelial-mesenchymal

transition; NF-κB, nuclear factor kappa B; PTX3, Pentraxin-3; STEAP4, prostate transmembrane epithelial antigen 4.
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confirmed as a sensitive predictive marker of gastric

cancer.15 A study on SCCHN confirmed that TNFAIP2

3ʹUTR miR-184 binding site functional single nucleotide

polymorphism (SNP) (rs8126 T>C) could regulate

TNFAIP2 expression and was associated with the risk of

SCCHN.61 In recent years, a study reported the relation-

ship between TNFAIP2 and breast cancer. They found that

both KLF5 and TNFAIP2 could promote proliferation,

invasion and metastasis in breast cancer cells through

Rac1 and Cdc42.16 In addition to the above tumors,

TNFAIP2 is also associated with renal cancer, thymoma,

sarcoma and so on, but these are all based on small sample

basic studies, and large sample clinical studies are needed

to verify the predictive and prognostic value of TNFAIP2.

TNFAIP3 and Malignant Tumors
TNFAIP3 gene polymorphism is closely related to auto-

immune and inflammatory diseases, including rheumatoid

arthritis (RA), systemic lupus erythematosus (SLE), sys-

temic sclerosis, psoriasis, allergic rhinitis and diabetes.

Otherwise, inactivated TNFAIP3 may induce malignant

tumors, especially lymphoma. A study confirmed that

inactivated TNFAIP3 could promote the activation of

uncontrolled NF-κB signaling pathway, which improved

cell viability and led to lymphoma.25 Another study found

that TNFAIP3, as a tumor suppressor gene, may be a key

molecule in the transformation of chronic inflammation

into cancer.62 In multiple myeloma cells, TNFAIP3 was

found to be inactivated mainly because of deletions, not

body mutations or promoter methylation. Inactivated

TNFAIP3 could affect the activity of NF-κB signaling

pathway and led to multiple myeloma, and it was sug-

gested that TNFAIP3 might be a potential therapeutic

target for multiple myeloma.27

TNFAIP4 and Malignant Tumors
EFNA1 was used as an alternative to TNFAIP4 in previous

literature since 1990. In recent years, some studies have

shown that EFNA1 and EphA2 expression was closely

related to multiple tumors. In 2005, a study found that

EFNA1 and EphA2 expression might affect the biological

behavior of gastric cancer.63 Subsequently, Yuan et al con-

firmed that EphA2 and EFNA1 overexpression played an

important role in gastric adenocarcinoma, and EphA2 is an

independent factor for poor prognosis in postoperative

patients.64 Further study found that EFNA1 3ʹUTR miR-

200c binding site SNP (rs12904 G > A) regulated EFNA1

expression and was associated with susceptibility of

gastric cancer.65 Another study found that compared with

adjacent normal tissues, EFNA1 was overexpressed in

colorectal cancer, and lack of EFNA1 reduced the risk of

invasion and metastasis in colorectal cancer (CRC) cells.

The results suggested that EFNA1 was involved in tumor

angiogenesis and may be an independent prognostic factor

for colorectal cancer.66,67 So far, no studies had reported

on the relationship between TNFAIP4 and other diseases.

TNFAIP5 and Malignant Tumors
Previous studies showed that TNFAIP5 or PTX3 expression

had important clinical value in tumor diagnosis and prog-

nosis assessment. In 2013, Zhang et al found that PTX3 was

significantly elevated in tissues and serum samples of

patients with lung cancer, and had certain significance for

diagnosis of lung cancer, early lung cancer and non-

malignant lung disease.68 According to pathological classifi-

cation, it was further confirmed that the up-regulation of

PTX3 expression was associated with small cell lung cancer

and lung adenocarcinoma.33,36 Recently, Infante et al found

that serum PTX3 level in NSCLC was significantly higher

than that in non-cancer smokers. Although preoperative

serum PTX3 level was not correlated with the prognosis of

patients, PTX3 overexpression in the interstitial mass of

the removed tissue sample could shorten survival and might

be an independent prognostic factor.69 In addition,

Zhang et al found that increased PTX3 was related to the

poor prognosis of patients with CRC, and confirmed that

PTX3 was an independent prognostic factor for CRC.70

Carmo et al found that PTX3 polymorphism was associated

with the incidence of hepatitis C. The polymorphism of

PTX3 rs2305619 and plasma level were associated with

liver cancer patients with Child grade B and C, while

PTX3 seemed to be a risk factor for patients with liver cancer

and chronic hepatitis C.71 In summary, TNFAIP5 or PTX3

overexpression in tumors might indicate the risk of disease

recurrence and metastasis, and it could be a prediction and

prognostic factor for patients with malignant tumors.

TNFAIP6 and Malignant Tumors
At present, the study on TNFAIP6 is still in the early stage.

Only a few data from basic studies have been reported,

and results on the relationship between TNFAIP6 and

malignant tumors have not been seen.

TNFAIP8 and Malignant Tumors
In recent years, many studies confirmed that TNFAIP8 was

associated with the development and prognosis of
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malignant tumors. As early as 2010, Dong et al found that

TNFAIP8 overexpression was associated with lymph node

metastasis and poor prognosis in patients with NSCLC.72

A new study confirmed that TNFAIP8 could promote

proliferation and cisplatin chemoresistance of NSCLC by

MDM2/p53 pathway.73 In a study on pancreatic cancer,

compared with normal tissue, TNFAIP8 was strongly

stained in tumor, and positive expression of TNFAIP8

was correlated with EGFR level.74 Another study on pros-

tate cancer showed that TNFAIP8 expression was signifi-

cantly associated with proliferation, invasion and

metastasis and confirmed that TNFAIP8 might be an

androgen-induced molecule and had the dual role of pre-

diction and prognostic for the first time.48 In addition,

TNFAIP8 gene polymorphism is closely related to the

development of gynecological tumors. A study showed

that TNFAIP8 rs11064 SNP might affect the affinity

between miR-22 and 3ʹUTR domain, and it could cause

cervical cancer by regulating the expression of

TNFAIP8.75 Another study found that SNP rs11064 in

TNFAIP8 increased endometrial cancer risk and signifi-

cantly related with its protein expression in northern

Chinese women.76 Recently, many studies on Chinese

population suggested that TNFAIP8 expression was

related to other tumors such as thyroid papillary carci-

noma, epithelial ovarian cancer, gastric cancer and esopha-

geal squamous cell carcinoma.42,45,47,77–80 A study showed

that TNFAIP8 overexpression was not obviously related

with the prognosis of gastric cancer patients, but it was an

independent prognostic factor for disease-free survival

(DFS) and overall survival (OS) in patients with intestinal

type of gastric cancer.49 Recent studies related to

TNFAIP8 and gastric cancer had focused on miRNAs,

and it was well known that abnormal regulation of

miRNAs could affect proliferation, apoptosis, invasion

and metastasis in the development of tumors. TNFAIP8

was a negative target of miR-9 which was significantly

down-regulated expression in gastric cancer. The results

confirmed that miR-9-TNFAIP8 might be a promising pre-

dictive and prognostic biomarker for gastric cancer.45

A review on TNFAIP8 showed that overexpression of

TNFAIP8 significantly improved vascular endothelial

growth factor receptor 2 (VEGFR2), MMP-1, and MMP-

9 levels in breast cancer cells, thereby promoting cancer

cells to metastasize. It is suggested that high-risk breast

cancer patients with TNFAIP8 overexpression possessed

shorter OS and DFS.81 The latest research found that

TNFAIP8 promoted VEGFR2-mediated angiogenesis by

upregulating 3-phosphoinositide dependent kinase-1

(PDK1) expression and phosphorylation in colorectal can-

cer, and TNFAIP8 might be a target for antiangiogenic

cancer therapy.82

TNFAIP9 and Malignant Tumors
Nowadays, studies found that TNFAIP9 was an androgen

regulating gene and highly expressed in prostate cancer.

The abnormal expression of TNFAIP9 led to the prolifera-

tion of prostate cancer cells. Further study found that

TNFAIP9 obviously increased reactive oxygen species

(ROS) and reduced the level of nicotinamide adenine

dinucleotide phosphate (NADPH) in prostate cancer cells

through the activity of iron reductase. Therefore, TNFAIP9

knockout could inhibit cellular proliferation, clone forma-

tion and adherent growth and significantly promoted cel-

lular apoptosis.52 However, due to the limitations of

experimental conditions and samples, some studies were

needed to confirm the above results.

To sum up, protein expression and gene polymorphism

have become the hot topics in recent years. Some studies

have found that expression of TNFAIPs may be directly or

indirectly associated with proliferation, invasion, metasta-

sis, tumorigenesis and cisplatin chemoresistance of malig-

nant tumors. The relationship between TNFAIPs and

malignant tumors are summarized in Table 3 and the

biological roles of TNFAIPs in malignant tumors are

drawn in Figure 1.

The Inner Relationship Among
Members of TNFAIPs
We explore the inner relationship between members of

TNFAIPs by bioinformatics databases on the internet.

Firstly, we search for proteins that may be associated

with each member of TNFAIPs through STRING data-

base (Table 4). Secondly, we find that TNF is closely

related to several members of TNFAIPs, and the protein–

protein interaction diagram between TNFAIPs' members

is drawn in Figure 2. We found that the positive expres-

sion of TNF directly activates TNFAIP1, TNFAIP4,

TNFAIP5 and TNFAIP8. The unspecified expression of

TNF affects the transcription of TNFAIP5. There is

a correlation between TNF and TNFAIP6, but the exact

relationship is unknown. The negative expression of

TNFAIP3 inhibits TNF, and the unspecified expression

of TNFAIP3 affects the catalysis of TNF. Binding struc-

tures can be formed between TNF and TNFAIP3 and
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between TNFAIP5 and TNFAIP6. There is a correlation

between TNFAIP2 and TNFAIP3, but the exact relation-

ship is unknown. TNFAIP4 has not yet found an internal

link with other members of TNFAIPs. At present, no

studies have shown other actual existing interactions

between TNFAIPs' members.

Summary and Prospects
This paper in the form of “Gene–Protein–Tumor correla-

tion” systematically reviews the biological characteristics

and physiological functions of the hitherto known eight

members of TNFAIPs, and explores the relationship

between TNFAIPs and malignant tumors. TNFAIPs is

a protein family induced by TNF and protein expression

of each member in the family almost all are associated

with TNF. TNF is the first cytokine used in tumor biother-

apy. However, due to its lack of highly functional and

specific targets, it is currently only used for local treat-

ment. If we can accurately screen the active targets of

TNF, targeted drugs will be of great significance for clin-

ical treatment, and studies on TNFAIPs may be

a breakthrough.

Apoptosis

Proliferation

Invasion

Metastasis

Angiogenesis

Drug Resistance

TNFAIP1

TNFAIP2

TNFAIP4

TNFAIP5

TNFAIP8

TNFAIP9

Promote

Inhibit

Figure 1 The biological roles of TNFAIPs in malignant tumors. TNFAIP1 promotes apoptosis and inhibits cellular proliferation, invasion and metastasis. TNFAIP2 promotes

cellular proliferation, invasion and metastasis. TNFAIP4 promotes angiogenesis. TNFAIP5 promotes cellular proliferation, invasion and metastasis. TNFAIP8 inhibits apoptosis

and promotes cellular proliferation, invasion, metastasis and drug resistance. TNFAIP9 inhibits cellular proliferation. The biological properties of TNFAIP3 and TNFAIP6 in

malignant tumors have not been clarified.

Abbreviation: TNFAIP, tumor necrosis factor alpha-induced protein.

Table 4 Interacting Proteins in Members of TNFAIPsa

Protein Alias Interacting Proteins

TNFAIP1 – TNF, RHOB, PCNA, POLD2, KCTD10, KCTD13, UBXN1, TRIM25, FLNC, HSPA1L

TNFAIP2 – STXBP1, STXBP2, STXBP3, EXOC1, EXOC2, EXOC4, EXOC6, EXOC6B, EXOC8

TNFAIP3 – TNF, TRAF1, BIRC3, UBC, UBA52, RPS27A, TRAF6, TNIP1, TNIP3, TAX1BP1

TNFAIP4 EFNA1 EPHA1, EPHA2, EPHA3, EPHA4, EPHA5, EPHA6, EPHA7, EPHB1, EPHB4, EPHB6

TNFAIP5 PTX3 TNF, TNFAIP6, FGF2, VEPH1, SYNE1, SYTL3, C1S, FCN1, FCN2, C1QA

TNFAIP6 – PTX3, FGF2, IL1B, THBS1, PTGS2, HAS2, ITGA6, LRCH1, TM2D3, FRZB

TNFAIP8 – TNF, PAICS, SH3GL1, HADH, MDFIC, NTSR1, OMP, TCF23, C1orf56, TECR

TNFAIP9 STEAP4 TNF, IL6, EEA1, TGM4, KLK2, KLKB1, ACPP, MSMB, PYCR1, SLC35F5

Notes: aData from STRING as a database of predicted functional associations between proteins. STRING.83

Abbreviations: TNFAIP, tumor necrosis factor alpha-induced protein; TNF, tumor necrosis factor; RHO, Ras homolog; PCNA, proliferating cell nuclear antigen; POLD2, DNA

polymerase delta subunit 2; KCTD, potassium channel tetramerisation domain; UBXN1, UBX domain-containing protein 1; TRIM25, tripartite motif-containing 25; FLNC, Filamin-

C; HSPA1L, heat shock 70 kDa protein 1-like; STXBP, syntaxin binding protein; EXOC, exocyst complex component; TNF, tumor necrosis factor; TRAF1, TNF receptor-associated

factor 1; BIRC3, baculoviral IAP repeat-containing protein 3; UB, ubiquitin-binding; RPS27A, Ubiquitin-40S ribosomal protein S27a; TNIP, TNFAIP3-interacting protein; EPHA,

ephrin type-A receptor 1 precursor; EPHB, ephrin type-B receptor 1 precursor; PTX3, pentraxin-3, FGF2, fibroblast growth factor 2; VEPH1, ventricular zone-expressed PH

domain-containing protein homolog 1; SYNE1, nesprin-1; SYTL3, synaptotagmin-like protein 3; C1S, complement C1s subcomponent; FCN, Ficolin; C1QA, complement C1q

subcomponent subunit A; IL, Interleukin; THBS1, thrombospondin-1; PTGS2, prostaglandin G/H synthase 2; HAS2, hyaluronan synthase 2; ITGA6, integrin alpha-6; LRCH1, leucine-

rich repeat and calponin homology domain-containing protein 1; TM2D3, TM2 domain-containing protein 3; FRZB, secreted frizzled-related protein 3; PAICS, phosphoribosimi-

dazole carboxylase; SH3GL1, SH3-domain GRB2-like 1; HADH, 3-hydroxyacyl-CoA dehydrogenase type-2; MDFIC, MyoD family inhibitor domain-containing protein; NTSR1,

neurotensin receptor type 1; OMP, outer membrane protein Omp; TCF23, transcription factor 23; C1orf56, chromosome 1 open reading frame 56; TECR, very-long-chain enoyl-

CoA reductase; EEA1, early endosome antigen 1; TGM4, protein-glutamine gamma-glutamyltransferase 4; KLK, kallikrein; ACPP, prostatic acid phosphatase; MSMB, beta-

microseminoprotein; PYCR1, pyrroline-5-carboxylate reductase 1; SLC35F5, solute carrier family 35 member F5.
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As we all know, TNFAIPs participate in proliferation,

invasion, metastasis and apoptosis of tumor cells and are

closely related to the occurrence and development of various

malignant tumors. For example, TNFAIP1 and TNFAIP8 are

the most frequently reported proteins in TNFAIPs, and they

play an important role in NSCLC and pancreatic cancer.

TNFAIP1 regulates the proliferation and metastasis of

NSCLC and pancreatic cancer by miRNA, but overexpres-

sion of TNFAIP8 is associated with lymph node metastasis

and poor prognosis. In addition, TNFAIP1, TNFAIP2,

TNFAIP4 and TNFAIP8 are all related to gastric cancer

and negative regulation of TNFAIP1 control the proliferation

and metastasis of gastric cancer cells. TNFAIP2 genetic

polymorphism may interfere with miRNA mediated gene

regulation, and overexpression of TNFAIP4 or TNFAIP8

may play an important role in prediction and prognostic of

gastric cancer patients. Recently, both TNFAIP8 and

TNFAIP9 have been reported in the studies on prostate

cancer, and the former may be an androgen-induced mole-

cule and is significantly associated with proliferation, inva-

sion and metastasis, and knockout of the latter inhibit

proliferation, clone formation and adherent growth, and can

significantly promote apoptosis in prostate cancer cells. At

present, the mechanism of TNFAIP1, TNFAIP2 and

TNFAIP3 inducing tumors may be related to the NF-κB
signaling pathway, but the mechanism of tumor induction

by other members of TNFAIPs is not clear, and exploratory

researches are urgently needed.

Nowadays, the understanding of TNFAIPs is very shal-

low. The studies on TNFAIPs are still at an early stage,

mainly based on experimental studies. Some studies only

focus on the characteristics, basic functions and protein

expression of individual members, and there is lack of

exploratory studies which reveal the relationship between

genes and genes or between proteins and proteins. A few

studies have reported that members of TNFAIPs are involved

in the occurrence and development of tumors, but due to the

limitations of sample size and detection methods, it is diffi-

cult to reveal the complex regulatorymechanism. In addition,

some studies have explored the correlation between

TNFAIPs and cancer risk, but few studies have mentioned

relationship between TNFAIPs and prognosis in cancer

patients due to the lack of clinical follow-up data.

In the future, we need to carry out in-depth research on

relevant mechanisms of TNFAIPs by bioinformatics,

molecular biology, genomics and other techniques and

methods. The next step is to clarify the functional features

and transduction pathways of TNFAIPs, which will play

an important theoretical foundation for the translational

research of “basic to clinical”.
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