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Abstract: Tazarotene-induced gene 1 (TIG1) is induced by a derivative of vitamin A and is known to regulate many

important biological processes and control the development of cancer. TIG1 is widely expressed in various tissues; yet

in many cancer tissues, it is not expressed because of the methylation of its promoter. Additionally, the expression of

TIG1 in cancer cells inhibits their growth and invasion, suggesting that TIG1 acts as a tumor suppressor gene.

However, in some cancers, poor prognosis is associated with TIG1 expression, indicating its protumor growth

characteristics, especially in promoting the invasion of inflammatory breast cancer cells. This review comprehensively

summarizes the roles of the TIG1 gene in cancer development and details the mechanisms through which TIG1

regulates cancer development, with the aim of understanding its various roles in cancer development.

Abbreviations
5-aza-dC 5-aza-2’-deoxycytidine
AGBL2 ATP/GTP binding protein-like 2
AMPK AMP-activated protein kinase
CCP2 Cytoplasmic carboxypeptidase 2
CCPs Cytosolic carboxypeptidases
CDK Cyclin-dependent kinase
CRC Colorectal cancer
CTCs Circulating tumor cells
CXCR4 C-X-C chemokine receptor type 4
DNAJC8 DnaJ heat shock protein family member C8
EBV Epstein-Barr virus
ECM Extracellular matrix
EMT Epithelial-to-mesenchymal transition
ER Endoplasmic reticulum
FBXW7 F-box/WD repeat-containing protein 7
Glut Glucose transporter
GPCRs G protein coupled receptors
GRK5 G protein-coupled receptor kinase 5

HCC Hepatocellular carcinoma
HDAC Histone deacetylase
HOX Homeobox
IBC Inflammatory breast cancer
ICAM Intercellular adhesion molecule
IL Interleukin
ITGB3 Integrin subunit beta 3
KLKs Kallikrein-related peptidases
MAT Mesenchymal-to-amoeboid transition
MMPs Matrix metalloproteinases
mTOR Mammalian target of rapamycin
NF-κB Nuclear factor kappa-light-chain-enhancer of

activated B cells
NPC Nasopharyngeal carcinoma
PDAC Pancreatic ductal adenocarcinoma
PGE2 Prostaglandin E2
PKM2 Pyruvate kinase M2
PLK Polo-like kinase
RA Retinoic acid
RAR Retinoic acid receptor
RARRES1 Retinoic acid receptor responder protein 1
RCC Renal cell carcinoma
ROCK Rho-associated kinase
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SIRT1 Sirtuin 1
SOX1 SRY-box transcription factor 1
SPINK Serine protease inhibitor Kazal-type protein
TAM Tyro3: Axl: and Mer
TCPs Tubulin carboxypeptidases
TIG1 Tazarotene-induced gene 1
TKIs Tyrosine kinase inhibitors
TMEM192 Transmembrane protein 192
TNF Tumor necrosis factor
TTL Tubulin tyrosine ligase
uPA Urokinase plasminogen activator

Introduction

In 1996, Tazarotene-induced gene 1 (TIG1), also known as
retinoic acid receptor responder protein 1 (RARRES1), was
discovered in human skin tissues and was shown to be
induced by a retinoic acid receptor (RAR)β/γ-selective
retinoid [1]. The TIG1 gene, which is located on
chromosome 3q25.32, is translated into TIG1 isoform 1,
consisting of 294 amino acids (GenBank: NP_996846.1), or
TIG1 isoform 2, consisting of 228 amino acids (GenBank:
NP_002879.2). Amino acid sequence alignment showed a
high similarity of TIG1 to a protein of the Latexin family,
which possesses inhibitory activities against rat
carboxypeptidase A1 (CPA1) and CPA2 [2].

In addition to its expression in bone marrow and various
subsequent cell types, skeletal muscle, and the brain, the TIG1
gene is widely expressed in various other organs and tissues
[3,4]. Analysis of data from The Human Protein Atlas
database (https://www.proteinatlas.org/ENSG00000118849-
RARRES1/tissue, accessed on 12/04/2024) also revealed that
in addition to its expression in ocular tissues, the TIG1 gene
is broadly expressed across various tissues. Further analysis
of its expression patterns in different tissues revealed that
TIG1 was predominantly expressed in terminally
differentiated tissues, such as acinar epithelial cells of
normal prostate tissues [4], kidney tubules [5], and mucosal
tissues of the colon [6]. Mice lacking the TIG1 gene develop
normally but are more prone to follicular lymphoma, even
though they exhibit increased B-cell survival and inhibited
B-cell differentiation [7]. Based on the results from gene
knockout mice and the distribution of TIG1 in normal
tissues, the expression of TIG1 may be associated with tissue
or cell differentiation.

The progression of cancer involves various genetic
variations, including oncogenes produced by the activation
of proto-oncogenes and the loss of function of tumor
suppressor genes, which act as brakes and help monitor and
maintain controlled cell cycles. Classical tumor suppressor
genes are inherently recessive and anti-proliferative, and they
often lose their activity due to mutations found in cancer
tissues. However, recent research has elucidated that certain
tumor suppressor genes do not conform to these standard
definitions and exhibit dual roles, potentially having opposite
effects within the cell. These dual-role tumor suppressor
genes may include transcription factors and kinases that can
initiate transcription or activate target molecules in a
carcinogenic manner depending on specific cellular contexts,

without involving any genetic modifications. Alternatively,
these tumor suppressor genes may maintain fundamental
cellular functions, such as promoting cell survival, through
protein-protein interactions. Consequently, these tumor
suppressor genes may perform pro-cancer functions during
specific stages of carcinogenesis or in specific tissues through
unique protein binding partners [8,9].

Reports indicate chromosomal 3q allelic loss in cancer
cells [10–12]; however, instances of TIG1 gene mutations in
cancer cells are rare. The results from numerous in vitro
experiments suggest that TIG1 can influence cell
metabolism, regulate mitochondrial activity, and inhibit cell
growth [13], suggesting its role as a tumor suppressor gene
in tumorigenesis. However, some studies have reported that
TIG1 can promote cancer cell metastasis [14] or that the
expression of TIG1 in cancer tissues is negatively correlated
with patient survival [15]. These findings elucidate the
“dual-agent” role of TIG1. Moreover, integrated results from
the literature and database analyses indicate that TIG1 may
play different roles in cancer cell development across
different tissues. This review summarizes the expression
patterns of the TIG1 gene in various cancer tissues and
systematically explores signaling pathways that are targeted
by TIG1 in the process of cancer cell evolution, with the
aim of understanding the role of the TIG1 gene in cancer
development.

Expression of TIG1 in Various Cancers

TIG1 is a transmembrane protein involved in regulating cell
growth, differentiation, and apoptosis. It has been found to
be dysregulated in multiple types of cancer, although its role
as an oncogene or a tumor suppressor gene remains unclear.
Table 1 summarizes the literature data on the expression of
TIG1 in different cancer tissues and cells and explores the
findings in the context of various cancer types.

TIG1 in prostate cancer
Prostate cancer affects middle-aged men and is one of the
malignant tumors contributing significantly to male mortality
worldwide [30,31]. After hormone therapy fails, appropriate
treatment options for advanced prostate cancer become
scarce. Derivatives of vitamin A have shown significant effects
in combating prostate cancer and are worth developing [32].
Jing et al. reported that TIG1 gene expression was detectable
in all normal prostate tissues and benign prostatic hyperplasia
tissues; however, among 51 malignant prostate tissues, only
four exhibited TIG1 expression [4]. Research by Zhang et al.
revealed that among 50 prostate cancer specimens, 26 had the
TIG1 gene promoter methylated, while in eight adjacent
normal tissue samples, no TIG1 promoter methylation was
detected [16]. Additionally, treating prostate cancer cells that
did not express TIG1 with a DNA methyltransferase inhibitor
(5-aza-2’-deoxycytidine; 5-aza-dC) induced intracellular TIG1
expression, suggesting that the low expression of TIG1 in
prostate cancer is associated with the methylation of its
promoter.

In prostate epithelial cells, retinoic acid (RA) induces the
expression of TIG1 and its homolog gene, Latexin. Compared
to epithelial cells, TIG1 and Latexin have lower expression
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levels in mouse hematopoietic stem cells. In primary prostate
cell cultures, inhibiting the expression of TIG1 or its homolog
Latexin increased the cells’ stemness and invasive capabilities.
Conversely, overexpressing TIG1 or Latexin had the opposite
effects, suppressing cell colony formation and invasion [2]. In
human prostate cells, TIG1 expression regulates autophagy-
related and endoplasmic reticulum (ER) stress-related
proteins, promoting cellular autophagy and inhibiting
angiogenesis [17]. These findings collectively indicate that
TIG1 acts as a tumor suppressor gene, restraining cancer
cell growth in the prostate. They suggest that RA could be
developed as a treatment for prostate cancer, potentially
through the expression of TIG1 in the prostate, which may
inhibit cancer cells from transforming into tumor stem cells
and suppress angiogenesis.

TIG1 in kidney cancer (Renal cell carcinoma: RCC)
Kidney cancer is one of the most common cancers in the
United States. Approximately 75% of RCC patients are
diagnosed with clear cell renal cell carcinoma, which
typically originates from the renal tubular epithelium and
can metastasize to other organs, leading to most cancer-
related deaths. Somatic mutations in the Von Hippel–Lindau
gene have been known to lead to overexpression of growth
factors, but further genomic studies have identified
mutations in genes involved in epigenetic regulation,
highlighting tumor heterogeneity [33,34]. Although RA can
be used to treat kidney diseases or renal cancer, it is more

concerning that it causes severe side effects on the kidneys,
including tubular necrosis, granulomatous interstitial
nephritis, and cortical necrosis [35].

Zimpfer et al. analyzed 903 cases of renal cell carcinoma
and reported that TIG1 could be distributed in the cytoplasm
or in the cell nucleus, with approximately 72.5% of cancer
tissues showing cytoplasmic TIG1 expression. Additionally,
higher expression of cytoplasmic TIG1 was positively
correlated with a higher cancer grade, and patients with
high cytoplasmic TIG1 expression had a shorter overall
survival [18]. However, in a study by Peterfi et al., TIG1
expression was categorized as either membranous or
cytoplasmic/negative. The study indicated that the absence
of TIG1 expression (negative expression) or cytoplasmic
TIG1 expression was a significant risk factor for tumor
progression, whereas membranous TIG1 expression was
associated with better disease outcomes [5]. Additionally,
when TIG1’s binding partner AGBL2 co-expressed with
membranous TIG1, it further enhanced the positive effects
of membranous TIG1 and increased the patient’s survival rate.

The potential mechanisms underlying RA-mediated side
effects in kidney diseases include the release of
proinflammatory cytokines such as interleukin (IL)-1β or
tumor necrosis factor (TNF)-α causing cell necrosis,
upregulation of thrombomodulin leading to a
hypercoagulable state, and infiltration of immune cells [36].
However, TIG1 may also play a significant role in RA-
mediated side effects. High expression of TIG1 is associated

TABLE 1

Expression of TIG1 in various cancer cells

Tissue/cells Role Description References

Prostate cancer Tumor suppressor
gene

TIG1 expression is diminished during the malignant progression of prostate
cancer.

[2,4,16,17]

Renal cell carcinoma
(RCC)

Oncogene/Tumor
suppressor gene

Cytoplasmic TIG1 facilitates tumor progression of renal cell carcinoma. When
membranous TIG1 is expressed in cancer tissue or is combined with its
companion ATP/GTP binding protein-like 2 (AGBL2), the disease outcome is
better.

[5,15,18]

Nasopharyngeal
carcinoma (NPC)

Tumor suppressor
gene

Silencing and depletion of TIG1 in nasopharyngeal carcinoma enhance the
invasion of Epstein-Barr virus (EBV)-infected cells.

[19,20]

Inflammatory breast
cancer (IBC)

Oncogene Depletion of TIG1 decreases inflammatory breast cancer cell proliferation,
migration, and invasion.

[14]

Pancreatic ductal
adenocarcinoma
(PDAC)

Oncogene TIG1 is abundantly expressed in chemoresistant PDAC cells. TIG1-positive
patients with high circulating tumor cell counts have a worse prognosis after
curative operation.

[21]

Colorectal cancer
(CRC)

Tumor suppressor
gene

TIG1 expression is positively associated with tumor differentiation. TIG1 can
regulate cell proliferation, migration, and invasion of colorectal cancer.

[3,6,22–24]

Human
choriocarcinoma

Tumor suppressor
gene

TIG1 is not expressed in choriocarcinoma. [25]

Hepatocellular
carcinoma (HCC)

Tumor suppressor
gene

TIG1 inhibits HCC progression and regulates HCC sensitivity to lenvatinib. [26]

Testicular carcinoma Tumor suppressor
gene

TIG1 is downregulated in testicular carcinoma. TIG1 expression inhibits the
invasion of testicular carcinoma cells.

[27]

Melanoma Tumor suppressor
gene

TIG1 expression inhibits cell proliferation in malignant melanoma. [28,29]
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with poorer kidney survival rates, suggesting that TIG1 is a
risk factor for RA-induced kidney disease [37]. Additionally,
analysis of data from The Cancer Genome Atlas showed
that TIG1 expression was negatively correlated with the
survival rate of patients with renal cell carcinoma. Further
research by Geng et al. indicated that TIG1 could upregulate
intercellular adhesion molecule (ICAM)-1 expression,
thereby facilitating macrophage infiltration and activation
and leading to cancer cell apoptosis [15]. These findings
suggest that while RA can inhibit cancer cell growth as a
treatment for kidney cancer, its related side effects can
impact its efficacy. The side effects mediated by RA may be
related to TIG1 expression, leading to immune cell
infiltration and kidney tissue damage.

TIG1 in nasopharyngeal carcinoma (NPC)
NPC is cancer associated with Epstein‒Barr Virus (EBV)
infection, characterized by a high tendency for lymphatic
spread and distant metastasis [38–40]. Undifferentiation is a
primary characteristic of NPC, and promoting cellular
differentiation offers a unique therapeutic opportunity. The
activation of the RA metabolism pathway, which regulates
SRY-box transcription factor 1(SOX1), plays a key role in
the differentiation of NPC cells, providing a potential target
for differentiation therapy in NPC [41]. Additionally, early
studies have shown that retinoids can effectively inhibit
EBV proliferation [42]. Kwong et al. reported that TIG1
expression was absent in 80% of nasopharyngeal carcinoma
cell lines and 33% of nasopharyngeal carcinoma xenografts
[19]. Moreover, methylation of the TIG1 gene promoter was
associated with the absence of TIG1 expression, and treating
cancer cells lacking TIG1 with 5-aza-2’-deoxycytidine
restored TIG1 expression. Normal epithelial cells did not
exhibit TIG1 gene promoter methylation. These findings
suggest that the epigenetic silencing of TIG1 in primary
nasopharyngeal tumors may indicate its potential role in the
pathogenesis of nasopharyngeal carcinoma.

Kwok et al. demonstrated that overexpressing or
knocking down TIG1 in HK1 NPC cells significantly
reduced or enhanced cell proliferation, respectively [20].
However, in EBV-infected HK1 cells, while the expression
of TIG1 did not affect the proliferation of these cells, the
knockdown of TIG1 enhanced the invasive ability of EBV-
infected HK1 cells. These results suggest that TIG1 may
play a role in the proliferation and invasion of NPC cells,
with its function potentially dependent on EBV infection.
Additionally, the study did not address whether TIG1
expression affects the proliferation of EBV within the cells.
Therefore, the importance of TIG1 in RA regulation of NPC
requires further investigation.

TIG1 in inflammatory breast cancer (IBC)
In studies involving either breast cancer cell lines or mouse
models of breast cancer, RA has been shown to inhibit the
growth of mammary tumor cells. In addition to directly
regulating cancer cell growth, RA can suppress tumor
angiogenesis and modulate the immune status of the tumor
microenvironment to achieve inhibition of cancer cell
proliferation [43]. IBC involves cancer cells that block
lymphatic vessels in the skin of the breast, making it a rare,

highly lethal, and extremely aggressive disease [44]. In a
study by Wang et al., TIG1 was found to be highly
expressed in IBC cell lines but not in non-IBC breast cancer
cell lines or normal breast tissue. Moreover, TIG1
expression in cancerous tissues was negatively correlated
with the median survival time of IBC patients [14].
Knockdown of TIG1 expression inhibited cell proliferation
and invasion of IBC cell lines and reduced the ability of
cancer cells to grow in xenografts. Currently, there are no
literature reports on whether RA regulates the growth of
IBC, so the importance of the RA activation pathway in IBC
invasion cannot be determined. Nonetheless, these study
results suggest that TIG1 may act as an oncogene, positively
regulating the malignant properties of IBC cells.

TIG1 in pancreatic ductal adenocarcinoma (PDAC)
PDAC is a relatively rare cancer. Owing to its often-
nonspecific symptoms, high invasiveness, and late-stage
diagnosis, PDAC is expected to become the second leading
cause of cancer-related deaths in the United States by 2030
[45–47]. Despite the availability of new chemotherapy
drugs, such as FOLFIRINOX, for PDAC patients, the
effectiveness of these cytotoxic agents is significantly limited
by the frequent development of chemotherapy resistance
[48,49]. In addition to chemotherapy, the antitumor activity
of RA in the treatment of PDAC has begun to gain
attention [50], and this treatment has now entered clinical
trials [51].

Nitschke et al. used stable isotope labeling by amino acids
in cell culture to identify differentially expressed genes
between chemoresistant and chemosensitive PDAC cells and
reported that TIG1 was highly expressed in chemoresistant
PDAC cells but not in normal pancreas cells or other PDAC
cell lines [21]. The study also revealed that patients with
PDAC who had circulating tumor cells (CTCs) had a poorer
prognosis, and if these CTCs expressed TIG1, they could
represent a more aggressive CTC subtype. These findings
suggest that TIG1 could be a marker for a specific subtype
of CTCs in PDAC patients. They also imply that during the
combined treatment of PDAC with RA and chemotherapy,
inducing TIG1 expression may become a risk factor,
potentially transforming cancer cells into a more invasive
state.

TIG1 in colorectal cancer (CRC)
CRC is the second most lethal cancer, and its global incidence
and mortality rates are expected to further increase over the
next few decades. CRC displays considerable genetic
diversity, with numerous somatic clonal mutations found in
many cancer cells, arising from variations in gene
expression. This makes CRC one of the most mutation-rich
malignancies [52–54]. Furthermore, disruptions in RA
signaling pathways are associated with the occurrence and
progression of CRC cancer. Reduced expression of RA
target genes correlates with poorer prognosis in CRC,
suggesting that RA signaling pathways could serve as
therapeutic targets for CRC [55]. A study by Wang et al.
revealed that TIG1 was highly expressed in normal colon
tissues, but its expression tended to decrease in cancerous
tissues [22,23]. Analysis of the distribution of the TIG1
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protein in colorectal cancer tissues revealed that TIG1 was
located primarily in normal colon tissues and in highly
differentiated colorectal adenocarcinomas, while its
expression was low in poorly differentiated colorectal
adenocarcinomas [5]. However, the expression levels of
TIG1 in colorectal cancer tissues were not significantly
correlated with the survival rates of CRC patients [6],
suggesting that TIG1 alone may not be sufficient to correct
the disrupted RA signaling in CRC.

Nonetheless, overexpression of TIG1 in the CRC cell
lines HCT116 and SW620 was shown to inhibit cell growth
[3,22,24]. Additionally, the overexpression of TIG1
suppressed the invasion of cancer cells, while the
knockdown of TIG1 promoted cell invasiveness [23],
suggesting that TIG1 plays a tumor-suppressing role in CRC.

TIG1 in choriocarcinoma
Choriocarcinoma is a relatively rare and invasive form of
trophoblastic disease. Choriocarcinoma is primarily
categorized into two types, namely, gestational and
nongestational choriocarcinoma. In western countries, the
likelihood of choriocarcinoma occurrence in pregnant
women is approximately one in 40,000, while that in
patients with molar pregnancy is approximately one in 40
[56]. Both alone and in combination with chemotherapy
drugs, RA effectively inhibits the growth of choriocarcinoma
cells [57].

A study by Huebner et al. revealed that the expression
of TIG1 in choriocarcinoma cells was lower than that in
healthy placental tissue, and this downregulation was
associated with a high level of TIG1 gene promoter
methylation [25]. Furthermore, as cell density increased
during the growth of Swan71 trophoblast cells, TIG1
expression was induced, with the upregulation of E-
cadherin and downregulation of N-cadherin. These results
suggest that TIG1 may play a tumor-suppressive role in
the development of choriocarcinoma.

TIG1 in hepatocellular carcinoma (HCC)
Liver cancer is one of the most common cancers worldwide,
with HCC accounting for 90% of cases. Chemotherapy
drugs have limited efficacy in treating HCC; however,
combining treatment with RA has been shown to effectively
increase patients’ two-year survival rates [58]. Additionally,
although tyrosine kinase inhibitors (TKIs) are currently used
for treatment, the survival rates of patients with advanced
HCC have not significantly improved [59].

Guo et al. used a high-throughput approach to screen
liver cancer cells for differentially expressed genes associated
with the sensitivity to the first-line TKI lenvatinib. They
found that cells sensitive to lenvatinib showed significantly
increased TIG1 expression [26]. Overexpression of TIG1 in
the HCC cell lines Huh7 and SKHEP1 inhibited their cell
growth and in vivo tumor growth and increased the
sensitivity to lenvatinib. Conversely, silencing TIG1 enhanced
HCC cell proliferation and migration. These findings suggest
that TIG1 can suppress HCC progression and modulate its
sensitivity to lenvatinib. Although current multicenter
clinical trials primarily involve combining TKIs with
immune checkpoint inhibitors for treating HCC [60], the

increased sensitivity of liver cancer cells to TKIs due to TIG1
expression suggests that combining RA with TKIs could also
be considered as a candidate approach for treating HCC.

TIG1 in testicular carcinoma
Testicular cancer is one of the most common malignancies,
accounting for approximately 1% of all male cancers and 5%
of genitourinary malignancies. The causes of testicular
cancer are multifactorial, with testicular dysgenesis
syndrome identified as a common risk factor for testicular
cancer [61]. The survival rate for testicular germ cell tumors
is high, and chemotherapy remains the primary treatment
modality. However, due to the long-term side effects of
platinum-based chemotherapy leading to overtreatment,
alternative drugs are being continuously studied. Among
them, RA treatment can alter the morphology of testicular
cancer cells and induce differentiation [62], suggesting its
potential as an adjunct therapy for treating testicular germ
cell tumors.

Shyu et al. reported that the TIG1 gene was highly
expressed in normal testicular tissues but was significantly
downregulated in testicular carcinoma and testicular
seminoma tissues [27]. The expression of TIG1 in NT2/D1
testicular cancer cells inhibited their invasion and influenced
the expression of proteins related to epithelial-mesenchymal
transition, indicating that TIG1 may have a role in
suppressing the progression of testicular carcinoma.

TIG1 in melanoma
Melanoma arises from melanocytes and is the most aggressive
and deadly form of skin cancer [63]. Early-stage melanoma
can be treated surgically, but once it metastasizes to distant
organs, the efficacy of available drug therapies is limited,
and treatment does not significantly improve patient
survival rates [64]. The use of RA has been shown to
effectively prevent the formation of more than 40% of
melanomas, but the widespread use of RA is limited because
of its side effects [65,66]. RA induces the expression of
TIG1, suggesting that TIG1 may play a crucial role in RA’s
ability to suppress melanoma formation.

A study by Wang et al. revealed that TIG1 gene
expression was increased in normal skin tissues but was
significantly decreased in melanoma tissues [28,29]. In
A2058 and A375 melanoma cells, TIG1 expression inhibited
insulin-induced cell proliferation and regulated the
expression of cell cycle-related proteins, suggesting that
TIG1 may play an important role in the RA-mediated
suppression of melanoma development.

Molecular Pathways Involved in the Regulation of Tumor
Progression by TIG1

Cancer invasion and metastasis of malignant tumor cells are
among the leading causes of cancer-related deaths worldwide
and have been a focus of research. Distant metastasis of
malignant tumor cells is a complex process, involving local
infiltration of tumor cells into neighboring tissues,
transmigration of cancer cells across the endothelium into
blood vessels, survival in the circulatory system,
extravasation, and subsequent proliferation and colonization
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in distant organs [67,68]. During the progression of cancer as
described above, epithelial tumor cells not only retain their
ability for local cell proliferation but also exhibit plasticity
through morphological and phenotypic transitions, such as
epithelial-to-mesenchymal transition (EMT) and
mesenchymal-to-amoeboid transition (MAT). Morphological
changes in cancer cells and tissue invasion involve various
genes; for instance, a hallmark of EMT is the downregulation
or loss of E-cadherin, facilitated by transcriptional repressors
such as Snail/SNAI1, Slug/SNAI2, or Twist, which leads to
the disassembly of adherens junctions and nuclear
translocation of membrane-bound β-catenin, thereby
regulating the transcription of genes like c-myc or cyclin D1,
followed by upregulation of mesenchymal markers such as
vimentin and N-cadherin. MAT relies on Rac and Rho/Rho-
associated kinase (ROCK) signaling pathways, influencing the
expression state of cortical actin filaments in leading-edge
cells and causing cell deformation. Whether EMT or MAT,
the transformation process of cells involves reduced cell-cell
or cell-extracellular matrix (ECM) adhesion, relying on
protease activities such as matrix metalloproteinases (MMPs),
serine proteases, and cathepsins [69–71].

Deletion of the TIG1 gene increases B cell survival but
inhibits B cell differentiation in mice [7]. Overexpression of
TIG1 causes defects in limb distal element regeneration in
axolotls and induces proximal displacement of embryonic
cells [72]. Moreover, excessive activation of TIG1 expression
inhibits RIO kinase 1, leading to p53 activation and
subsequent induction of apoptosis in mouse podocytes,
whereas podocyte-specific TIG1 gene deletion alleviates
proteinuria and glomerular injury in adriamycin-induced
nephropathy in mice [37]. These in vivo animal study
results highlight the importance of TIG1 in organ
development and disease. Currently, there are no literature
reports on the regulation of tumor cell growth and invasion
by TIG1 in vivo. Nevertheless, through cell experiments and
clinical data, numerous studies have explored the
mechanisms by which TIG1 regulates cell growth and death,
autophagy, cancer cell invasion, and cell differentiation. By
examining protein-protein interactions or indirectly
regulating downstream gene expression, the potential role of
TIG1 in tumorigenesis can be revealed. In the following
sections, an outline of the roles of TIG1 based on different
cellular functional activities is provided.

The role of TIG1 in posttranslational modifications of tubulin
Microtubules are the largest component of the cytoskeleton
and are involved in regulating various cellular activities,
such as intracellular transport, chromatid separation during
mitosis, cell migration, and the establishment of cell
polarity. Microtubules are typically composed of 13 laterally
associated protofilaments of α-tubulin and β-tubulin
heterodimers, which form a dynamic hollow tubular
structure. Both α-tubulin and β-tubulin can undergo
multiple posttranslational modifications, which are linked to
the regulation of microtubule properties and functionality.
Known posttranslational modifications include acetylation,
detyrosination, polyglutamylation, and polyglycylation.
Acetylation of α-tubulin and β-tubulin is mediated by the
acetyltransferase MEC-17/TAT1 or San; deacetylation is

catalyzed by histone deacetylase 6 (HDAC6) and sirtuin 2.
Detyrosination and retyrosination of α-tubulin are catalyzed
by tubulin carboxypeptidases (TCPs) and tubulin tyrosine
ligase (TTL), respectively. Polyglutamylation and
deglutamylation are mediated by various TTL-like (poly)
glutamylases and cytosolic carboxypeptidases (CCPs),
respectively [73].

Sahab et al. reported that cytoplasmic carboxypeptidase 2
(CCP2/AGBL2) was involved in the detyrosination of α-
tubulin, with TIG1 binding to and inhibiting the activity of
AGBL2. Knockdown of AGBL2 prevented α-tubulin from
undergoing detyrosination, whereas knockdown of TIG1
increased the levels of detyrosinated α-tubulin, suggesting
that TIG1 regulates tubulin modification via AGBL2 [74].
The same team also reported that the interaction between
TIG1 and AGBL2 inhibited tubulin deglutamylation, thereby
regulating mitochondrial voltage-dependent anion channel 1,
the mitochondrial membrane potential, and the activation of
the AMP-activated protein kinas (AMPK) signaling pathway.
Knockdown of TIG1 increased the expression of stem cell
markers and promoted anoikis-and anchorage-independent
growth, indicating that the interaction between TIG1 and
AGBL2 is crucial for the metabolic regulation of cancer cells
[13]. Furthermore, Peterfi et al. noted that the expression
levels of TIG1 and AGBL2 were significant for assessing the
outcomes of renal cell carcinoma [5], indicating that TIG1
and AGBL2 could indeed play a role in cancer cell growth
in vivo.

The role of TIG1 in the regulation of the cell cycle
The cell cycle is regulated by various protein kinases, with
cyclin-dependent kinase (CDK), polo-like kinase (PLK),
and aurora kinase being among the most critical regulators
[75–77]. PLKs are a family of serine/threonine kinases that
regulate cell division, are highly conserved in eukaryotes,
and are involved in controlling centrosome maturation,
DNA checkpoint activation, mitotic entry, spindle
assembly, and cytokinesis. In mammals, there are four
types of PLKs, namely, PLK1, PLK2/Snk, PLK3/Fnk/Prk,
and PLK4/Sak [78].

PLK2 is overexpressed in colorectal cancer tissues [22].
Activation of PLK2 inhibits the expression of the tumor
suppressor protein F-box/WD repeat-containing protein 7
(FBXW7) and upregulates its downstream protein cyclin E1,
which is regulated by FBXW7 to promote cell proliferation
[79,80]. The interaction between TIG1 and PLK2 can
prevent PLK2 from promoting CRC cell proliferation, which
suggests that TIG1 can regulate the CRC cell cycle by
modulating PLK2 activity, thereby inhibiting tumorigenesis
[22], as illustrated in Fig. 1.

The role of TIG1 in the regulation of glucose uptake
Glucose metabolism involves transporting glucose from the
bloodstream into cells and processing it by various enzymes
to generate energy for cellular activities. Glucose is a
hydrophilic molecule that requires the sodium-independent
facilitative glucose transporter (Glut)1-Glut4 for crossing
cell membranes. Among these proteins, Glut1 is critical for
glucose uptake by cancer cells and is often upregulated in
cancer cells [81].

1290 CHUN-HUA WANG et al.



Pyruvate kinase M2 (PKM2) primarily regulates cellular
metabolism by converting phosphoenolpyruvate to pyruvate
[82]. Additionally, PKM2 can enter the cell nucleus as a
transcriptional cofactor, contributing to the transcription of
Glut1 [83–85]. TIG1, by binding to DnaJ heat shock protein
family member C8 (DNAJC8), sequesters PKM2 in the
cytoplasm, thereby inhibiting Glut1 transcription, which in
turn reduces glucose uptake and prevents cell proliferation
[86]. These findings suggest that TIG1 indirectly regulates
Glut1 gene expression, thereby reducing glucose uptake and
inhibiting cancer cell growth (Fig. 1).

The role of TIG1 in the prostaglandin E2 (PGE2) pathway
PGE2 is a key mediator involved in chronic inflammation and
directly contributes to tumor development by regulating
cancer cell growth and migration, apoptosis, epithelial-
mesenchymal transition, and angiogenesis [87]. PGE2
activates EP1-EP4 G protein-coupled receptors, leading to
the activation of intracellular second messengers such as
cyclic AMP, Ca2+, and inositol phosphates, which promote
cancer progression [88].

Gene expression array analysis showed that TIG1
induced the expression of G protein-coupled receptor kinase
5 (GRK5) in CRC cells [3]. GRK5 is known to participate in
the phosphorylation of G protein-coupled receptors
(GPCRs), thereby reducing their signaling sensitivity
[89,90]. Studies have shown that TIG1 induces GRK5 gene
expression, preventing external factors, such as
prostaglandin E2, from activating intracellular signaling,
such as cyclic AMP production and nuclear entry of β-
catenin, thus blocking PGE2-driven proliferation of CRC
cells [3,24] (Fig. 1).

The role of TIG1 in regulating autophagy
Autophagy is an evolutionarily conserved process in which
cells use lysosomes to degrade and recycle damaged
organelles, misfolded proteins, and other large molecules
[91]. Autophagy can be classified into general (non-
selective) or selective types. General autophagy involves
packaging portions of the cytoplasm into autophagosomes,
which are then delivered to lysosomes for degradation.

Selective autophagy, on the other hand, functions by
recognizing specific targets such as damaged mitochondria
and the ER. Generally, targeted selective autophagy may be
a more effective cancer treatment strategy compared to non-
selective autophagy because it selectively degrades damaged
mitochondria, thereby precisely maintaining cellular
homeostasis. Autophagy regulation plays a dual role in
many cancers: activating autophagy under stress conditions
can suppress tumor growth, yet it can also allow certain
tumor cells to adapt to stress and thrive opportunistically.
Hence, further research is needed to clarify the precise
mechanisms of autophagy in cancer for the development of
promising therapeutic targets [92].

Research on intracellular signaling has revealed that
tumor suppressors are negatively regulated by mammalian
targets of rapamycin (mTOR) and AMPK, leading to
induction of autophagy and inhibition of cancer
development [93]. Conversely, oncogenes may be activated
by mammalian targets of mTOR and AKT pathways,
suppressing autophagy and enhancing cancer formation
[94,95]. These findings indicate that autophagy can suppress
the generation of cancer cells. However, in cells with
activated RAS mutations, high levels of autophagy can aid
cancer cell survival. Inhibiting autophagy-related proteins
can increase the accumulation of damaged mitochondria
and reduce cancer cell growth. These results highlight the
significant role of autophagy in the survival of tumors
dependent on RAS activation [96]. Roy et al. reported that
TIG1 upregulated the expression of the autophagy regulator
sirtuin 1 (SIRT1) in prostate cancer cells and downregulated
mTOR and the p38 MAPK, which inhibit autophagy
activation, thereby activating autophagy [17]. Additionally,
through its interaction with transmembrane protein 192
(TMEM192), TIG1 can activate the expression of
autophagy-related proteins such as Beclin-1 and LC3B to
induce autophagy [97] (Fig. 2). Although the ultimate effect
of TIG1-induced cellular autophagy on cell growth in RAS-
mutant cancer cells remains unknown, it is inferred that
TIG1 can regulate selective autophagy through the mTOR
pathway, thereby potentially inhibiting cancer cell growth
through cellular autophagy mechanisms.

FIGURE 1. Mechanisms by which TIG1 inhibits cell proliferation. The pathways through which TIG1 suppresses cell proliferation include
TIG1 binding to PLK2 to inhibit the production of the cell cycle regulator cyclin E1 (Path 1); TIG1 binding to DNAJC8 to prevent PKM2 from
entering the nucleus and inducing Glut1 transcription (Path 2); and TIG1 inducing GRK5 expression to block PGE2-mediated signaling via
GPCRs involved in cell proliferation (Path 3).
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The role of TIG1 in the activation of Axl receptor tyrosine
kinase
AXL is a member of the Tyro3, Axl, and Mer (TAM) family of
receptor tyrosine kinases and is considered a key contributor
to tumor progression and metastasis. Its expression is
associated with lower survival rates in various cancers. The
role of Axl in promoting cancer progression is largely
attributed to its ability to induce EMT. EMT provides tumor
cells with various advantages, such as enhanced cell
invasion, apoptosis resistance, and stem cell-like
characteristics, thereby promoting tumor progression and
contributing to cancer cell drug resistance [98].

A study by Wang et al. revealed that in inflammatory
breast cancer, TIG1 was bound to and stabilized AXL to
prevent its proteasomal degradation. Stabilized AXL
continually activates downstream AKT and nuclear factor
kappa-B (NF-κB) signaling and promotes MMP-9 gene
transcription, which leads to increased cancer cell
invasiveness [14] (Fig. 3).

The role of TIG1 in the activation of the urokinase plasminogen
activator (uPA) signaling pathway
uPA is a serine protease with various activities; when bound to
its receptor uPAR, uPA can degrade most substrates in the
extracellular matrix [99,100]. Thus, activation of the uPA
signaling pathway is crucial for tumor cells to migrate from
the primary site to distant organs. Inactive single-chain

pro-uPA can be cleaved into active two-chain uPA by a
number of cathepsins [101–103]. TIG1 binds to cathepsin V
and leads to its rapid degradation, thereby inhibiting
cathepsin V-induced EMT and suppressing cancer cell
invasion in CRC [23] (Fig. 4).

Additionally, the activation of the uPA/uPAR pathway
activates kallikrein-related peptidases (KLKs), and the KLK
family is involved in the degradation of various interstitial
substrates [104]. KLKs are targeted by the serine protease
inhibitor Kazal-type protein (SPINK) family, and the
synergy between SPINK and KLK is involved in the
activation of the uPA/uPAR pathway [105,106]. TIG1
interacts with SPINK2, reducing the activity of uPA in
testicular carcinoma cells and inhibiting their invasiveness
[27]. These findings indicate that TIG1 can block the
activation of uPA/uPAR signaling through two different
pathways, which leads to the suppression of cancer cell
invasion (Fig. 4).

TIG1 in clinical applications
While TIG1 appears to be involved in cell differentiation,
organ development, and the regulation of cancer cell
growth, there are currently no specific drugs developed to
induce or inhibit TIG1 activity. RA upregulates TIG1
expression, and in carcinogenesis, promoter methylation
often leads to TIG1 silencing, suggesting the potential
importance of RA or drugs inhibiting DNA methylation like
5-aza-dC in cancer treatment assessment. Oral RA is the
preferred treatment for adult acute promyelocytic leukemia
and neuroblastoma [107,108]. Unfortunately, due to cancer
cells developing resistance to RA or ineffective transport of
RA to its designated site in the body, its clinical application
is limited. Additionally, RA has relevant literature reports
for treating gastric cancer, liver cancer, lung cancer,
melanoma, and PDAC. Despite most evidence being from in
vitro experiments, clinical trials have shown poor drug
efficacy due to inefficient drug delivery or rapid clearance in
the body [109]. 5-aza-dC has been approved by the
European Medicines Agency for treating acute myeloid
leukemia, and preclinical studies suggest its potential
effectiveness against solid tumors. However, varying results
from clinical trials have yet to confirm its efficacy [110].

Apart from being targeted for clinical treatment to
achieve tumor therapy, TIG1 is more commonly used in
clinical practice as a biomarker for diagnostic purposes.
Database findings indicate that TIG1 is considered an
adverse prognostic marker in renal cancer and glioma
(https://www.proteinatlas.org/ENSG00000118849-RARRES1/
pathology, accessed on 12/04/2024), although some concerns
remain to be verified. For example, TIG1 is predominantly

FIGURE 2. Mechanisms by which TIG1 induces autophagy. TIG1
can induce SIRT1 expression, inhibit the expression of mTOR and
the p38 MAPK, or bind to TMEM192 to induce the production of
Beclin-1 and LC3B, leading to the activation of autophagy.

FIGURE 3. Mechanisms by which TIG1 promotes cell invasion.
TIG1 stabilizes the Axl protein, which activates the AKT and NF-
κB pathways to induce MMP-9 expression and promote cell invasion.

FIGURE 4. Mechanisms by which TIG1 inhibits cell
invasion. TIG1 blocks cathepsin activation or
collaborates with SPINK2 to interrupt uPA/uPAR
signaling, thereby suppressing cell invasion.
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expressed in peripheral or highly differentiated colorectal
adenoma tissue compared to most colorectal tissues that do
not express TIG1 [6], making it difficult to assess detailed
tumor conditions based on TIG1 expression levels in tumor
blocks. Furthermore, the location of TIG1 expression may
influence its protein function. Membranous TIG1 and
cytoplasmic TIG1 appear to play different roles in cancer
cells [18]. While TIG1 is considered an adverse prognostic
marker in renal cancer and glioma, we further observe that
cytoplasmic TIG1 is predominantly present in cancer
tissues. Therefore, using TIG1 expression for clinical
diagnosis of tumor conditions should consider the
appropriate tissue distribution of TIG1.

Conclusions

Cancer is a group of diseases characterized by abnormal cell
growth and the potential to spread to other parts of the
body. Both external environmental factors and endogenous
genetic factors play crucial roles in the development of
cancer. While oncogenes can lead to uncontrolled cell
growth and potentially cause cancer, tumor suppressor
genes can prevent cells from becoming malignant,
suggesting that their roles within the cell are seemingly
opposite. These dual-function genes are mostly transcription
factors or kinases, capable of both positively and negatively
regulating transcription within cells to execute various
biological activities. Take Homeobox (HOX) genes as an
example: HOX genes encode a series of transcription factors
that regulate embryogenesis. Furthermore, dysregulation of
HOX genes is closely associated with many human
malignancies [111]. For instance, HOXA5 can induce TP53
expression and inhibit β-catenin expression, thereby
performing tumor suppressor functions in cervical cancer
cells [112]. However, HOXB5 in CRC upregulates the
expression of C-X-C chemokine receptor type 4 (CXCR4)
and integrin subunit beta 3 (ITGB3), promoting cell
invasion [113].

In general, cancer results from the accumulation of
successive somatic mutations. Numerous studies have
indicated that both gaining oncogene function and losing
tumor suppressor gene function are necessary for the ability
to transform normal cells into cancer cells. From this
perspective, the lack of TIG1 expression in many cancer
tissues due to the methylation of its promoter suggests that
TIG1 functions as a tumor suppressor gene. However, it
promotes cell survival and assists in cancer cell metastasis in
IBC and PDAC. Studies indicate that TIG1 is not a
transcription factor, unlike common dual-function tumor
suppressor genes, but it may indirectly regulate the activity
of specific transcription factors through protein-protein
interactions. Given the unique roles of the TIG1 gene in
tumorigenesis, cancer biologists need to understand its
distribution across different cancer tissues, its potential
targets, and its biological functions to better comprehend
the contribution of TIG1 to tumor development. We hope
that our review of TIG1 research will provide cancer
biologists with a comprehensive understanding of the TIG1
gene functions from multiple perspectives.
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