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Abstract

Background: Tazarotene-induced gene 2 (7/G2), also known as retinoic acid receptor responder 2 (RARRES?), encodes the secreted
protein TIG2, also known as chemerin, which is involved in immune regulation and metabolism. However, its role in melanoma re-
mains unclear. Methods: 7/G2 expression was analyzed using The Cancer Genome Atlas, Genotype-Tissue Expression, OncoDB, and
melanoma tissue cDNA arrays. To evaluate its effects on cell viability and death, TIG2 was overexpressed in A2058 and A375 melanoma
cells. RNA sequencing (RNA-seq), qPCR, and Western blotting were performed to identify TIG2-regulated genes and signaling path-
ways. The involvement of chemokines and endoplasmic reticulum (ER) stress was further examined using the C-X-C motif chemokine
ligand 10 (CXCL 10)/CXCL11 and the ER stress inhibitor tauroursodeoxycholic acid (TUDCA). Results: 7/G2 expression was reduced
in melanoma and other skin cancers. TIG2 overexpression significantly reduced cell viability and induced cell death. RNA-seq anal-
ysis showed that TIG2 downregulated CXCLI0, CXCL11, and CCL2 while upregulating ER stress-related genes such as HERPUDI
and DDIT3. Exogenous CXCL10 or CXCL11 did not reverse TIG2-mediated effects, whereas TUDCA partially restored cell viability
and reduced cell death. Conclusions: These findings suggest that TIG2 suppresses melanoma cell growth by activating ER stress and
modulating immune-related chemokines, highlighting its potential therapeutic relevance.
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1. Introduction macrophages, and natural killer (NK) cells to sites of
inflammation or tumor lesions [2,6]. TIG2 expression
exhibits tissue-specific and context-dependent patterns
during tumor progression in various cancer types. For
instance, reduced TIG2 expression has been observed in
hepatocellular carcinoma, breast cancer, and melanoma,
where it is often considered to exert tumor-suppressive
effects [7,8,9]. In contrast, TIG2 expression has been asso-
ciated with tumor progression and inflammatory responses
in certain malignancies such as gastric and lung cancer
[10,11]. Moreover, Pachynski et al. [8] reported that TIG2
can suppress melanoma growth by promoting NK cell
infiltration into the tumor microenvironment, highlighting
its dual roles in immune regulation and antitumor activity.
However, whether TIG2 directly regulates cancer cell sur-
vival, cellular stress responses, and cell death mechanisms
remains unclear.

Tazarotene-induced gene 2 (71G2), also known as
retinoic acid receptor responder 2 (RARRES?2), encodes the
secreted protein TIG2 (chemerin) and was originally iden-
tified as a retinoic acid—inducible gene. The human RAR-
RES?2 gene is located on chromosome 7q36.1, spans approx-
imately 18 kb of genomic DNA, and encodes an ~0.8 kb
mRNA transcript that translates into a 163-amino-acid se-
creted protein precursor [1,2]. The chemerin precursor re-
quires C-terminal proteolytic processing to generate its bi-
ologically active form, which exerts its physiological func-
tions by binding to chemokine-like receptor 1 (CMKLR1),
G protein-coupled receptor 1, and the atypical chemokine
receptor C-C motif chemokine receptor-like 2 [3]. Previous
studies have demonstrated that TIG2/chemerin is widely
expressed in adipose, liver, lung, and skin tissues, where it
participates in adipogenesis, glucose metabolism, inflam-
matory responses, and immune cell chemotaxis [4,5].

Recent studies have further revealed that

Melanoma is an aggressive type of skin cancer derived
from melanocytes. Although the incidence of melanoma

TIG2/chemerin is not only involved in metabolic regula-
tion but is also closely associated with tumor progression
and modulation of the immune microenvironment. TIG2
functions within the immune system as a chemotactic
factor that recruits CMKLR 1-expressing dendritic cells,

is lower than that of basal and squamous cell carcinomas,
it is characterized by high metastatic potential and signif-
icant mortality [12,13,14]. Prolonged exposure to ultravi-
olet radiation is a major risk factor for the development of
melanoma, because of its induction of DNA damage, ox-
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idative stress, and oncogenic mutations [15]. Genetically,
mutations in the B-Raf proto-oncogene, serine/threonine ki-
nase (BRAF), NRAS proto-oncogene, GTPase, and KIT
proto-oncogene receptor tyrosine kinase are closely asso-
ciated with melanoma progression, with BRAFV6%F being
the most common driver mutation [16]. Although BRAF
and immune checkpoint inhibitors have significantly im-
proved the outcomes of patients with advanced melanoma,
therapeutic resistance and tumor recurrence remain major
clinical challenges [17,18,19,20]. Therefore, elucidating
the molecular mechanisms underlying melanoma progres-
sion and identifying novel therapeutic targets are critical.

Retinoids are derivatives of vitamin A that regu-
late cell differentiation, proliferation, and apoptosis by
activating retinoic acid receptors and retinoid X recep-
tors. Consequently, they have been widely investigated for
the treatment of dermatological diseases and cancer [21].
Tazarotene, a third-generation retinoid, has been shown to
inhibit skin tumor formation and suppress melanoma cell
growth [22,23]. Previous studies have demonstrated that
tazarotene induces the expression of multiple tazarotene-
induced genes (TIGs), including T/G1, TIG2, and TIG3,
which are thought to contribute to retinoid-mediated tumor
suppression [1,24]. Among these, TIG1 has been reported
to inhibit melanoma cell growth by regulating the VAC14
component of the PIKFY VE complex/mammalian target of
rapamycin pathway and inducing endoplasmic reticulum
(ER) stress [25,26]. Moreover, TIG3 has been shown to
induce apoptosis by downregulating inhibitors of apoptosis
proteins and activating caspase-3 [27]. In contrast, although
TIG2 has been implicated in immune regulation, its direct
role in melanoma cell survival and the underlying molecu-
lar mechanisms remain largely unknown.

The aim of this study was therefore to investigate the
biological function and molecular mechanisms of TIG2 in
melanoma. First, we examined the expression of 77/G2 in
skin cancer tissues and melanoma cell lines. We then eval-
uated the effect of TIG2 overexpression on cell viability
and death. Furthermore, we performed RNA sequencing
(RNA-seq) to identify the downstream genes and signaling
pathways regulated by TIG2, followed by molecular vali-
dation to explore their association with chemokine regula-
tion and ER stress. Our findings demonstrate that TIG2 not
only contributes to ER stress responses in melanoma cells
but may also modulate tumor-associated immune factors,
thereby influencing melanoma progression. These results
provide new insights into TIG2 as a potential therapeutic
target in melanoma.

2. Materials and Methods

2.1 Gene Expression Analysis in Human Melanoma
Tissues

The expression of TIG2 (RARRES?) in human
melanoma tissues was examined using a commercially
available melanoma tissue cDNA array (MERT301; Ori-

Gene Technologies, Rockville, MD, USA). This array was
comprised of cDNA prepared from three normal skin spec-
imens and 43 malignant melanoma tissues.

Quantitative  real-time PCR was performed
using  TIG2-specific ~ primers  (forward: 5'-
GAGGGACTGGAAGAAACCCG-3';  reverse: 5'-

CCTTGGAGAAGGCGAACTGT-3").  B-actin primers
supplied with the array kit were used as the endogenous
reference. PCR amplification and data analysis were
carried out as previously reported [28], with relative TIG2
expression calculated after normalization to -actin.

2.2 Cell Culture, Plasmid Transfection, and Cell Line
Authentication

Human melanoma A2058 (BCRC No. 60240) and
A375 (BCRC No. 60263) cells were obtained from
the Bioresource Collection and Research Center (BCRC,
Hsinchu, Taiwan) and cultured at 37 °C in a humidified at-
mosphere containing 5% CO; in Dulbecco’s modified Ea-
gle’s medium (DMEM; 90%) supplemented with 4 mM L-
glutamine, 1.5 g/L sodium bicarbonate, 4.5 g/L glucose, 1
mM sodium pyruvate, and 10% fetal bovine serum, as de-
scribed previously [25]. The expression plasmids TIG2-
C-Myc (HG10361-CM), C-X-C motif chemokine ligand
(CXCL)10-N-Flag (HG10768-NF), and CXCL11-C-Flag
(HG10876-CF) were purchased from Sino Biological (Bei-
jing, China).

Transient gene overexpression was achieved using
Lipofectamine RNAIMAX (Invitrogen, Carlsbad, CA,
USA). Cells were seeded into either 6-cm culture dishes (1
x 10° cells/dish) or 6-well plates (1 x 10° cells/well) and
allowed to attach overnight before transfection. Plasmid
DNA (3 pg per 6-cm dish or 1 pg per well of a 6-well plate)
was diluted in Opti-MEM and mixed with Lipofectamine
RNAIMAX at a ratio of 4 puL reagent per 1 pg DNA. After
incubation at room temperature for 15 min, the DNA-lipid
complexes were applied directly to the cells for four hours.
The transfection medium was then replaced with complete
growth medium, and the cells were cultured for an addi-
tional 24-48 h before subsequent analyses.

To facilitate reproducibility, different culture formats
were used according to the downstream application. Six-
centimeter dishes were used for experiments requiring rela-
tively large amounts of RNA or protein, including RNA se-
quencing, Western blotting, and caspase-3 activity assays,
whereas 6-well plates were used for cell viability assays,
cytotoxicity assays, and quantitative real-time PCR analy-
ses.

Unless otherwise specified, molecular analyses were
performed 24 h after transfection, whereas cell viability and
cytotoxicity were assessed 24—48 h after transfection, as in-
dicated in the corresponding figure legends.

Cell line authentication was performed by short tan-
dem repeat (STR) profiling, and the resulting profiles were
matched with the DSMZ reference database [26]. To en-
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sure the quality of cell cultures, the cells were routinely
examined for mycoplasma contamination using both DAPI
fluorescence staining and a commercial PCR-based detec-
tion kit (Cat. No. G239, Applied Biological Materials Inc.,
Richmond, BC, Canada).

2.3 Assessment of Cell Viability and Cytotoxicity Assays

Cell viability and cytotoxicity were evaluated as pre-
viously reported [26], with minor modifications. Briefly,
A2058 and A375 cells were seeded at 1 x 10° cells per
well in 6-well plates containing Dulbecco’s modified Ea-
gle’s medium supplemented with 10% fetal bovine serum
(FBS) and cultured overnight. Under these conditions, cells
reached approximately 50-60% confluence at the time of
transfection.

To evaluate the biological effects of TIG2 alone, cells
were transfected with either an empty vector or a TIG2-C-
Myc plasmid (1 pg/well). For the rescue experiments in-
volving CXCL10 or CXCL11, four experimental groups
were established: (1) empty vector control, (2) TIG2-C-
Myc alone, (3) TIG2-C-Myc plus CXCL10-N-Flag, and
(4) TIG2-C-Myc plus CXCL11-C-Flag. The total amount
of plasmid DNA was kept to 1 pg per well by supple-
menting with the corresponding empty vector when neces-
sary. For experiments examining the contribution of ER
stress, cells were transfected with either the empty vector
or TIG2-C-Myc plasmid and subsequently treated with 500
puM tauroursodeoxycholic acid (TUDCA; Sigma-Aldrich,
St. Louis, MO, USA; Cat. No. T0266). TUDCA stock
solution was prepared in ethanol (EtOH), and the working
concentration was made by adding 5 pL of stock solution
per mL of culture medium. Vehicle-treated control cultures
received an equal volume of EtOH (5 pL/mL).

Following transfection, the culture medium was re-
placed with fresh medium containing 1% FBS, with or with-
out 500 uM TUDCA, and cells were incubated for an addi-
tional 24—48 h before analysis.

Cell viability was determined using the WST-1 as-
say (Roche Diagnostics, Mannheim, Germany; Cat. No.
11644807001). After incubation with WST-1 reagent for
4-6 h, absorbance was measured using an Enzyme Im-
munoassay (EIA) microplate reader (Infinite F200; Tecan,
Mainnedorf, Switzerland), and mitochondrial metabolic ac-
tivity was expressed relative to the control group. Cyto-
toxicity was evaluated by quantifying the release of lactate
dehydrogenase (LDH) using a Cytotoxicity Detection Kit
(Roche Diagnostics; Cat. No. 11644793001) according to
the manufacturer’s instructions.

2.4 RNA-seq and Bioinformatic Analysis

A2058 melanoma cells were transiently transfected
with either the TIG2-C-Myc expression plasmid or the cor-
responding empty vector control. At 24 h after transfec-
tion, total RNA was isolated using TRIzol reagent (Invitro-
gen, Carlsbad, CA, USA; Cat. No. 15596026) following
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the manufacturer’s instructions. RNA quality was verified
prior to sequencing, and the samples were submitted to the
Biotools Microbiome Research Center (Taipei, Taiwan) for
library preparation, high-throughput RNA sequencing, and
downstream bioinformatic analysis.

Raw sequencing reads underwent quality assessment
and trimming using Trimmomatic to remove adaptor se-
quences and low-quality bases. The filtered reads were
subsequently aligned to the human reference genome using
HISAT?2, and gene-level read counts were generated with
featureCounts. Expression values were normalized using
the Relative Log Expression (RLE), Trimmed Mean of M-
values (TMM), and Fragments Per Kilobase of transcript
per Million mapped reads (FPKM) methods. Differential
expression analysis was performed with DESeq2 based on
three independent biological replicates. Genes meeting the
criteria of an absolute fold change >2 together with an ad-
justed p-value < 0.05 were considered to be significantly
differentially expressed.

2.5 Quantitative Real-Time PCR

Gene expression changes identified by RNA-seq were
further validated by quantitative real-time PCR (qRT-PCR).
Unless otherwise specified in the Results section, A2058
and A375 melanoma cells were transfected with either the
empty vector or the TIG2-C-Myc expression plasmid and
harvested 24 h later.

Total RNA was extracted using TRIzol reagent (Invit-
rogen) and reverse-transcribed into complementary DNA
using the GScript RTase Kit (GeneDireX, Taoyuan, Taiwan;
Cat. No. MB303-0050) according to the manufacturer’s
protocol. Quantitative PCR amplification was performed
as described previously [25].

Primer sequences used for PCR of homocysteine-
inducible ER protein with ubiquitin-like domain 1 (HER-
PUDI), DNA damage-inducible transcript 3 (DDIT3),
HSPAS5, and HSPA6 were the same as reported previously
[26], whereas the primers designed for CXCL10, CXCLI1,
CCL2, IFIT1, IFIT2, IFNBI, and RPLPOP?2 are listed be-
low:

CXCLI0: Forward 5'-
TGCTGCCTTATCTTTCTGACTC-3'; Reverse  5'-
TGCATCGATTTTGCTCCCC-3’

CXCLI1I: Forward 5'-
TTCCACTGCCCAAAGGAGTC-3'; Reverse 5'-
TGTCTCCACCGTAACCACAG-3’

CCL2: Forward 5'-CTTCATTCCCCAAGGGCTCG-
3’; Reverse 5'-GTCTTCGGAGTTTGGGTTTGC-3'

IFITI: Forward 5'-
GAGGAGCCTGGCTAAGCAAA-3; Reverse 5'-
GGCTTCCTCATTCTGGCCTT-3'

IFIT2: Forward 5'-
CCTGCCGAACAGCTGAGAAT-3'; Reverse  5'-
CTGCCTCGTTTTGCCCTTTG-3'
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Fig. 1. Reduced tazarotene-induced gene 2 (7/G2) expression in melanoma tissues. 7/G2 transcript levels were compared between
normal skin and melanoma tissues using the Cancer Genome Atlas (TCGA) (A) and OncoDB (B) databases. TIG2 mRNA expression
was further validated by quantitative real-time PCR using a commercially available melanoma tissue cDNA array (MERT301) (C). Data

are presented relative to normal skin tissues. *p < 0.05 versus normal skin.
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Fig. 2. TIG2 overexpression suppresses melanoma cell growth and promotes cell death. A2058 and A375 melanoma cells were
transiently transfected with either an empty vector or the TIG2-C-Myc expression construct. Cell metabolic activity was determined
using the WST-1 assay (A), and cytotoxicity was quantified by measuring lactate dehydrogenase (LDH) release (B) at the indicated time
points. The data represent three independent experiments. *p < 0.05 versus control.

IFNBI: Forward 5'- 2.6 Immunoblot Analysis
GCGACACTGTTCGTGTTGTC-3 Reverse S Following the indicated treatments, cells were washed
GCGTCCTCCTTCTGGAACTG-3' with cold phosphate-buffered saline and lysed in RIPA

RPLPOP?2: Forward 5'-

buffer supplemented with a protease inhibitor cocktail
GAAGCCAAGGAAGAGTCGGA-3’; Reverse  5- (Roche Diagnostics, Mannheim, Germany; Cat. No.

GTCACAACCGTGGGAGCAAG-3'.  Relative mRNA  4693116001) and phosphatase inhibitor mixture. Total pro-

expression was calculated after normalization to B-actin,  tein concentrations were determined using a bicinchoninic

which served as the internal reference gene. acid (BCA) protein assay kit (Thermo Fisher Scientific,
Waltham, MA, USA; Cat. No. A55860).
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Fig. 3. Transcriptomic profiling of TIG2-overexpressing melanoma cells. RNA sequencing was performed on A2058 cells expressing

either the empty vector or TIG2-C-Myc for 24 h. Differential gene expression is illustrated by an MA plot (A), and a volcano plot that

highlights upregulated (red) and downregulated (blue) transcripts (B). Genes exhibiting greater than two-fold expression changes are

summarized in the heatmap (C).

Equivalent amounts of protein were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis and transferred onto polyvinylidene difluoride mem-
branes. After blocking with non-fat milk, membranes
were incubated overnight at 4 °C with the appropriate pri-
mary antibodies, followed by incubation with horseradish
peroxidase-conjugated secondary antibodies. Immunoreac-
tive bands were visualized using an enhanced chemilumi-
nescence detection system according to the manufacturer’s
recommendations.

Primary antibodies against B-actin, MYC, and FLAG
were as reported previously [28]. Antibodies against
CXCL10 (10H11L3)and CXCL11 (PA5-104147) were pur-
chased from Invitrogen (Carlsbad, CA, USA), antibodies
against HERPUD1 (CST#26730) and CCL2 (CST#23236)
from Cell Signaling Technology (Danvers, MA, USA),
and the antibody against DDIT3 (CHOP) from Abclonal
(Woburn, MA, USA; Cat. No. A20987). Horseradish
peroxidase-conjugated secondary antibodies were obtained
from Sigma-Aldrich (St. Louis, MO, USA). Protein expres-
sion levels were quantified by densitometric analysis and
normalized to B-actin.

2.7 Caspase-3 Activity Assay

To determine whether TIG2-induced cell death was
associated with activation of the apoptotic pathway,
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caspase-3 enzymatic activity in A2058 and A375 melanoma
cells was measured following plasmid transfection. Briefly,
cells were transfected with either the empty vector or the
TIG2-C-Myc expression plasmid and cultured for the in-
dicated time periods. After treatment, the cells were har-
vested and lysed in RIPA buffer. Equal amounts of total
cellular protein were incubated in a reaction buffer contain-
ing 25 mM HEPES (pH 7.5), 0.1% CHAPS, 5% sucrose, 5
mM dithiothreitol (DTT), 2 mM EDTA, and 2 mM of the
colorimetric caspase-3 substrate Ac-DEVD-p-nitroanilide
(Ac-DEVD-pNA; Sigma-Aldrich; Cat. No. A2559). The
reaction mixtures were incubated at 37 °C until color devel-
opment was sufficient for detection.

Cleavage of Ac-DEVD-pNA was quantified by mea-
suring absorbance at 405 nm using a microplate reader (Infi-
nite F200). Caspase-3 activity was expressed as the relative
absorbance normalized to the corresponding control group.

2.8 Statistical Analysis

All experiments were independently repeated at least
three times to ensure reproducibility. Quantitative data are
presented as the mean + standard deviation (SD). Statistical
analyses were carried out using GraphPad Prism software
(version 11; GraphPad Software, San Diego, CA, USA).

Comparisons among multiple experimental groups
were performed using one-way analysis of variance
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(ANOVA), followed by Dunnett’s multiple-comparison test
when appropriate. For all analyses, a two-tailed p-value <
0.05 was considered statistically significant. Unless oth-
erwise indicated, all graphical data represent results from
three independent biological replicates.

3. Results
3.1 TIG2 Expression Is Reduced in Skin Cancer Tissues

To investigate the potential role of 7/G2 in skin car-
cinogenesis, we analyzed TIG2 expression in normal skin
tissues and skin cancer samples using The Cancer Genome
Atlas (TCGA) database. Since TCGA does not contain
normal skin tissue data, normal skin samples from healthy
donors in the Genotype-Tissue Expression database were
used for comparison. Although TIG2 expression tended to
be lower in tumor tissues, no statistically significant dif-
ference was observed compared with normal tissues (Fig.
1A). However, further analysis using the OncoDB database
demonstrated a clear trend toward reduced 7/G2 expression
in skin cancer tissues (Fig. 1B).

In addition to database analyses, we examined 77/G2
expression in a commercially available melanoma tissue
array. As shown in Fig. 1C, TIG2 expression was rela-
tively high in normal skin tissues but markedly decreased
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in melanoma tissues. We subsequently evaluated the rela-
tionship between TIG2 expression and patient survival us-
ing the OncoDB database (https://oncodb.org/cgi-bin/survi
val gene profile.cgi). Although patients with high 7/G2
expression (n = 38) had a slightly better 10-year survival
rate than those with low 7/G2 expression (n = 37), the dif-
ference was not statistically significant (data not shown).
Collectively, these findings suggest that TIG2 participates
in the early stages of melanoma tumorigenesis, primarily
through the regulation of cell growth.

3.2 Ectopic TIG2 Expression Impairs Melanoma Cell
Survival

Before performing functional analyses, endogenous
TIG2 protein expression was examined in A2058 and A375
melanoma cells by Western blotting. No detectable endoge-
nous TIG2 protein was observed in either cell line under
the experimental conditions used (data not shown). Be-
cause endogenous TIG2 expression was undetectable, loss-
of-function experiments could not be reliably performed in
these melanoma cell models. The biological function of
TIG2 was therefore investigated using an ectopic overex-
pression approach throughout this study.
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To determine whether TIG2 affects melanoma cell
survival, A2058 and A375 cells were transiently transfected
with the TIG2-C-Myc expression plasmid. As shown in
Fig. 2A, ectopic expression of TIG2 significantly reduced
cell viability after 48 h in both melanoma cell lines com-
pared with the empty vector control. We next investigated
whether this reduction in cell viability was accompanied by
increased cell death. LDH release assays demonstrated that
TIG2 significantly increased cytotoxicity in A2058 cells at
both 24 and 48 h, whereas a significant increase was ob-
served in A375 cells after 48 h (Fig. 2B). Collectively,
these findings indicate that ectopic expression of TIG2 sup-
presses melanoma cell survival and promotes cell death.

3.3 Identification of TIG2-Regulated Genes in A2058 Cells

Because TIG2 expression was found to inhibit
melanoma cell growth, we used RNA-seq to investigate the
downstream genes regulated by TIG2 in A2058 cells. MA
and volcano plot analyses revealed that most genes did not
exhibit significant changes in expression following TIG2
overexpression, with the exception of 32 downregulated
genes and 10 upregulated genes (Fig. 3A,B). TIG2 (RAR-
RES2 in Fig. 3B) showed a marked increase in expression
(log2 fold change >5), as indicated by the triangle in Fig.
3A.

Fig. 3C presents a heatmap illustrating the differen-
tial gene expression patterns between control and TIG2-
overexpressing cells. Fig. 4A further summarizes the genes
showing significant fold-changes in response to TIG2 ex-
pression. Gene Ontology dot plot analysis of these 42 sig-
nificantly altered genes revealed they were mainly associ-
ated with cytokine activation and viral interaction pathways
(Fig. 4B), and included CXCL10, CXCL11, TNF, CSF3,
and TNFSF10 (Fig. 4C).

The 10 upregulated genes were further analyzed us-
ing the g:Profiler database (http://biit.cs.ut.ee/gprofiler/go
st) to identify potential signaling pathways associated with
TIG2. The most enriched pathways were closely related to
ER stress responses (Fig. 4D). TIG2-regulated ER stress-
related genes included DDIT3, HYOUI, SELIL, HSPAS,
and HERPUDI. Similar results were obtained using the
Reactome Pathway Database (data not shown). These find-
ings suggest that TIG2 regulates melanoma growth through
cytokine modulation and the ER stress response.

3.4 TIG2 Downregulates Chemokine Genes and
Upregulates ER Stress-Related Genes

To validate the RNA-seq results, mRNA was col-
lected from A2058 and A375 cells transfected with either
an empty vector or a TIG2 expression plasmid, followed
by real-time PCR analysis. As shown in Fig. 5A, TIG2 ex-
pression was markedly increased in TIG2-transfected cells.
In contrast, the expression of cytokines and chemokines,
including CXCL10, CXCL11, and CCL2, was significantly
downregulated in TIG2-overexpressing cells (Fig. 5A).

Conversely, ER stress-related genes, such as HERPUDI,
DDIT3, and several heat shock proteins, were significantly
upregulated following TIG2 expression (Fig. 5A). Similar
results were observed in A375 cells, where TIG2 expression
also reduced cytokine and chemokine expression, while in-
creasing ER stress-related gene expression (Fig. 5B).

In addition to mRNA expression, we analyzed
whether TIG2 altered the protein levels of these regulated
genes. As shown in Fig. 6A, TIG2 expression in A2058
cells markedly reduced the protein levels of CXCL10 and
CXCLI11. In contrast, the protein expression levels of HER-
PUDI and DDIT3 were significantly increased upon TIG2
overexpression (Fig. 6A). As endogenous CCL2 protein
was undetectable in A2058 cells, the effect of TIG2 on
CCL2 protein expression could not be determined (data
not shown). Similar findings were observed in A375 cells,
where TIG2 expression suppressed CXCL10 and CXCL11
protein levels and enhanced HERPUD1 and DDIT3 expres-
sion (Fig. 6C). We further examined whether TIG2-induced
ER stress was associated with apoptotic signaling by mea-
suring the activity of caspase-3. As shown in Fig. 6B,D,
TIG2 overexpression significantly increased caspase-3 ac-
tivity in both A2058 and A375 cells, supporting the involve-
ment of apoptosis in TIG2-mediated cell death.

Because TIG2 is a secreted protein, we further in-
vestigated whether extracellular TIG2 could reproduce
the biological effects observed following overexpression
of intracellular TIG2. Western blot analysis confirmed
that TIG2-Myc protein was readily detected in condi-
tioned media collected from TIG2-transfected A2058 and
A375 cells (Supplementary Fig. 1A). However, cultur-
ing naive A2058 or A375 cells in TIG2-containing condi-
tioned medium did not significantly alter the protein ex-
pression of CXCL10, CXCL11, HERPUDI, or DDIT3
(Supplementary Fig. 1B,C). Likewise, neither cell viabil-
ity nor LDH release was significantly affected under these
conditions (Supplementary Fig. 1D,E). These findings
suggest that conditioned medium containing secreted TIG2
was insufficient to reproduce the intracellular responses in-
duced by TIG2 overexpression, indicating the observed bi-
ological effects are more likely to be mediated through in-
tracellular mechanisms rather than an autocrine action of
secreted TIG2.

3.5 Effects of CXCL10 and CXCL11 on TIG2-Mediated
Regulation of Cell Growth

CXCL10 and CXCLI11 regulate the chemotaxis of im-
mune cells (e.g., T cells, NK cells, and macrophages) via
the CXCR3 receptor [29]. CXCL10 promotes the activa-
tion of proangiogenic and pro-growth signaling molecules
in murine B16F10 melanoma cells, thereby enhancing cell
proliferation [30]. CXCL10 has also been described as an
oncogenic factor involved in cancer metastasis [31]. Al-
though studies on CXCL11 in melanoma are limited, sev-
eral reports have suggested that elevated serum CXCLI11
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levels in patients receiving immune checkpoint inhibitors
are associated with poor survival outcomes, implying a po-
tential oncogenic role [32].

Because TIG2 expression downregulated CXCL10
and CXCL11, we next investigated whether exogenous sup-
plementation with CXCL10 or CXCL11 could rescue the
effects of TIG2 on cell growth. As shown in Fig. 7A, co-
treatment of A2058 cells with TIG2 and either CXCL10 or
CXCLII did not alter expression of the ER stress-related
proteins HERPUDI1 and DDIT3. Similar results were ob-
served in A375 cells, which showed that CXCL10 and
CXCLI11 treatment did not alter TIG2-induced upregulation
of HERPUD1 and DDIT3 (Fig. 7C).

Next, we evaluated caspase-3 activity to determine
whether these chemokines could modulate TIG2-induced
apoptotic signaling. As shown in Fig. 7B,D, TIG2 overex-
pression significantly increased caspase-3 activity in both
A2058 and A375 cells. However, exogenous CXCL10 or
CXCLI11 failed to reverse this effect, indicating that TIG2-
induced activation of apoptotic signaling is independent of
CXCL10/CXCL11-mediated pathways.

We further examined whether CXCL10 or CXCL11
could attenuate the TIG2-induced reduction in cell viabil-
ity and increase in cell death. As shown in Fig. 8§, nei-
ther CXCL10 nor CXCL11 significantly affected the TIG2-
mediated suppression of cell viability (Fig. 8A) or induc-
tion of cell death (Fig. 8B). The results suggest that al-
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though TIG2 can downregulate CXCL10 and CXCLI11 ex-
pression, these chemokines are not the major mediators re-
sponsible for TIG2-induced growth suppression.

3.6 TUDCA Attenuates TIG2-Induced ER Stress Responses
and Reverses TIG2-Mediated Growth Suppression

In addition to suppressing the expression of CXCL10
and CXCL11, TIG2 also enhanced the expression of ER
stress-related proteins. Therefore, we used the chemical
chaperone TUDCA, an inhibitor of ER stress responses
[33,34], to investigate the importance of ER stress signaling
in TIG2-mediated growth regulation.

As shown in Fig. 9A, TUDCA treatment effectively
prevented the TIG2-induced upregulation of HERPUDI
and DDIT3 in A2058 cells. However, TUDCA did not af-
fect the TIG2-mediated downregulation of CXCL10 and
CXCLI11 protein expression. Similar findings were ob-
served in A375 cells, where TUDCA suppressed TIG2-
induced HERPUD1 and DDIT3 expression but did not alter
CXCL10 or CXCLI11 levels (Fig. 9C).

Next, we examined caspase-3 activity to determine
whether ER stress modulation also impacted TIG2-induced
apoptotic signaling. As shown in Fig. 9B,D, TIG2 overex-
pression significantly increased caspase-3 activity in both
A2058 and A375 cells. Importantly, TUDCA treatment
partially reversed this effect, reducing caspase-3 activity in
TIG2-expressing cells. These findings indicate that TIG2-
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induced ER stress contributes functionally to the activation
of apoptotic pathways, and that pharmacological attenua-
tion of ER stress can partially rescue TIG2-mediated cyto-
toxicity.

We examined whether TUDCA could attenuate the ef-
fects of TIG2 on cell growth. As shown in Fig. 10, TUDCA
reduced TIG2-induced HERPUDI and DDIT3 expression
in both A2058 and A375 cells. Moreover, it significantly
rescued the TIG2-mediated reductions in cell viability (Fig.
10A) and TIG2-induced cell death (Fig. 10B). Collectively,
these results suggest that TIG2 suppresses melanoma cell
viability and promotes cell death primarily through activa-
tion of the ER stress response pathway.

4. Discussion

This study found that TIG2 expression is reduced in
both skin cancer tissues and melanoma cell lines, whereas
its overexpression significantly suppresses cell viability and
induces cell death. RNA-seq analysis combined with exper-
imental validation revealed that TIG2 downregulates mul-
tiple chemokines, including CXCL10, CXCL11, and CCL2,
while simultaneously upregulating ER stress-related genes
such as HERPUDI and DDIT3. Although TIG2 expres-
sion was consistently reduced in melanoma tissues and its
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ectopic expression inhibited the growth of melanoma cells,
the survival analysis based on public databases did not reach
statistical significance. Therefore, the present findings sup-
port a tumor-suppressive role for TIG2 in melanoma cells
rather than establishing it as a definitive tumor suppressor
gene in clinical melanoma. Additional studies using larger
patient cohorts and in vivo tumor models will be required
to further determine the prognostic and therapeutic signifi-
cance of TIG2 in melanoma.

Among the chemokines regulated by TIG2, CCL2
has been reported to promote tumor growth and suppress
immune cell activity [35]. Elevated circulating levels of
CCL2 have also been observed in patients with metastatic
melanoma [36], and its expression has been linked to mi-
croRNA regulation (miR-34a, miR-100, and miR-125b)
and drug resistance [37]. However, because we were un-
able to detect CCL2 in our experimental system, its precise
role in TIG2-mediated regulation remains unclear.

In contrast, although reported to possess tumor-
promoting potential in certain contexts, CXCL10 and
CXCLI11 primarily recruit CXCR3-expressing immune
cells, including NK and T cells. Previous studies have
shown that TIG2 can recruit CMKLR 1-expressing NK cells
into the tumor microenvironment, thereby enhancing an-
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titumor immunity in several experimental models [8]. In
contrast, our data demonstrate that TIG2 overexpression
suppresses CXCL10 and CXCL11 expression in melanoma
cells. CXCL10 and CXCL11 are important chemoattrac-
tants for CXCR3-positive immune cells, including NK cells
and activated T lymphocytes. Therefore, our findings
suggest that TIG2 may regulate immune-cell recruitment
through multiple, and potentially distinct, signaling mecha-
nisms. However, because the present study did not include
immune-cell co-culture experiments, migration assays, or
in vivo immune analyses, the immunological consequences
of these chemokine changes remain speculative and require
further investigation.

Because TIG2 is a secreted protein, we further ex-
amined whether extracellular TIG2 could reproduce the
biological effects observed following intracellular TIG2
overexpression. However, conditioned medium collected
from TIG2-overexpressing melanoma cells failed to al-
ter ER stress-associated proteins, chemokine expression,
cell viability, or cell death in recipient melanoma cells
(Supplementary Fig. 1). These findings suggest the
biological effects observed in the present study are un-
likely to result from an autocrine action of secreted TIG2.
Our observations are also consistent with transcriptomic
data showing that A2058 and A375 cells express little
or no detectable CMKLR1 (https://www.proteinatlas.org
/ENSG00000174600-CMKLR 1/cell+line), the major func-
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tional receptor for TIG2. Therefore, the ER stress activation
and growth inhibition observed in this study most likely re-
flect intracellular functions of ectopically expressed TIG2
rather than receptor-mediated extracellular signaling.

Collectively, members of the tazarotene-induced
gene family (TIG1-TIG3) exhibit multilayered tumor-
suppressive mechanisms in melanoma. TIGI1 inhibits
melanoma progression through the VAC14 component of
the PIKFYVE complex/mammalian target of rapamycin
pathway and ER stress induction [25,26]. It also suppresses
tumor growth via Schlafen 11 [38]. TIG3 induces apopto-
sis by downregulating inhibitors of apoptosis proteins and
activating caspase-3 [27], while TIG2 appears to regulate
both ER stress responses and tumor immune modulation.
Although protein overexpression generally can induce ER
stress [39,40], TIG3 overexpression does not. This suggests
that ER stress induction by TIG1 and TIG2 represents a spe-
cific regulatory response rather than a consequence of non-
specific protein accumulation.

Therefore, the anti-melanoma effects of tazarotene
may result from the coordinated actions of TIG1 and TIG3
through multiple pathways, including intracellular stress re-
sponses, signaling regulation, and immune cell recruitment,
providing important insights for future therapeutic strate-
gies.

ER stress is increasingly recognized as a context-
dependent process during cancer progression. Its contribu-
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tion to tumor cell survival or cell death appears to depend on
the magnitude and duration of the unfolded protein response
(UPR) [41,42]. Tumor cells are continuously exposed to
hypoxia, nutrient deprivation, oxidative stress, and elevated
protein synthesis, resulting in persistent ER stress and acti-
vation of the UPR. Initially, activation of the UPR serves as
an adaptive mechanism that restores ER homeostasis by re-
ducing protein synthesis and enhancing protein-folding ca-
pacity. However, when ER stress is prolonged or exceeds
the adaptive capacity of the UPR, the three canonical ER
stress sensors—protein kinase R-like endoplasmic reticu-
lum kinase (PERK), inositol-requiring enzyme la (IREla),
and activating transcription factor 6 (ATF6)—shift signal-
ing from pro-survival to pro-death pathways, ultimately
triggering apoptosis or other forms of regulated cell death
[43].

Recent studies have demonstrated that adaptive UPR
signaling contributes to melanoma progression, metastatic
potential, and resistance to targeted therapies [44]. Con-
versely, sustained activation of ER stress has also been re-
ported to suppress melanoma growth by inducing apop-
tosis, autophagy-associated cell death, or immunogenic
cell death [45,46]. In particular, activation of the PERK—
elF20—ATF4-CHOP signaling axis has been implicated in
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melanoma cell responses to oxidative stress, hypoxia, and
anticancer treatments, while excessive CHOP/DDIT3 ac-
tivation is generally associated with irreversible ER stress
and apoptosis [46,47].

In the present study, TIG2 overexpression consistently
increased the expression of HERPUD1 and DDIT3, and
pharmacological attenuation of ER stress with TUDCA
partially rescued TIG2-induced growth inhibition and cell
death. These findings support the involvement of ER stress
in the biological effects of TIG2. However, because only
selected ER stress-associated markers were examined, the
present study was unable to determine which of the canon-
ical UPR branches (PERK, IREla, or ATF6) is primarily
responsible for TIG2-mediated signaling. Further investi-
gation of these upstream UPR pathways will be required to
define the precise molecular mechanism underlying TIG2-
induced ER stress.

The current study found that TIG2 markedly upreg-
ulated HERPUDI and DDIT3 expression. Furthermore,
TUDCA partially reversed TIG2-induced cytotoxicity, sup-
porting the notion that TIG2-mediated ER stress is not
merely a secondary phenomenon but a key mechanism un-
derlying its tumor-suppressive effects. HERPUDI is a crit-
ical regulator of the ER-associated degradation system and

&% IMR Press


https://www.imrpress.com

is involved in clearing misfolded proteins and maintaining
ER homeostasis [48], whereas DDIT3/CHOP is a central
transcription factor that drives apoptosis under prolonged
ER stress conditions [46,49,50]. Thus, TIG2 may impair
protein quality control, ER folding capacity, or redox bal-
ance, thereby activating downstream stress pathways such
as PERK—CHOP and ultimately reducing melanoma cell
survival.

Emerging evidence further indicates that cellular
stress responses may influence tumor immune recognition
independently of their direct cytotoxic effects. Several re-
cent studies have demonstrated that pharmacological induc-
tion of ER stress or integrated stress responses can enhance
melanoma susceptibility to NK-cell-mediated cytotoxicity
by increasing the expression of activating NK-cell ligands,
including ULBP1 and other NKG2D ligands [51,52,53].
These findings suggest that stress-response pathways may
simultaneously regulate melanoma cell survival and im-
mune visibility, thereby contributing to antitumor immu-
nity beyond the direct induction of cell death. Moreover,
ER stress is increasingly being recognized as an important
regulator of the tumor immune microenvironment. Exces-
sive ER stress can alter cytokine and chemokine secretion
and disrupt antigen presentation, immune cell activation,
and immune evasion mechanisms [46]. Therefore, TIG2-
mediated regulation of CXCL10 and CXCL11 may reflect
a broader association between ER stress and immune sig-
naling in melanoma. Because ER stress has been impli-
cated in regulating cytokine secretion, antigen presentation,
and NK-cell activation, it is conceivable that TIG2-induced
ER stress could indirectly influence the tumor immune mi-
croenvironment. Nevertheless, the present study did not di-
rectly examine immune cell recruitment and infiltration, or
NK-cell cytotoxicity. Consequently, these immunological
implications should be considered hypothesis-generating
rather than definitive conclusions [54,55]. Future stud-
ies that integrate melanoma—immune cell co-culture sys-
tems, NK-cell migration assays, and immunocompetent an-
imal models will be necessary to determine whether TIG2-
mediated ER stress enhances immune recognition through
modulation of chemokine expression or activation of stress-
induced NK-cell ligands.

5. Limitations

Several limitations of this study should be acknowl-
edged. First, all functional experiments were performed
using cultured melanoma cell lines; therefore, the effects
of TIG2 on the tumor immune microenvironment could not
be directly evaluated. Second, although TUDCA experi-
ments support the involvement of ER stress, only selected
ER stress-associated markers were examined. Comprehen-
sive characterization of the canonical UPR branches, in-
cluding PERK, IREla, and ATF6 signaling, is required in
future studies.

&% IMR Press

Third, the biological function of TIG2 was investi-
gated primarily using a gain-of-function approach. Loss-
of-function experiments could not be reliably performed in
these models because endogenous TIG2 expression was un-
detectable in both A2058 and A375 melanoma cells. Fu-
ture studies employing melanoma models with detectable
endogenous TIG2 expression will be necessary to further
validate its physiological functions.

Finally, TIG2 is a secreted protein that primarily
exerts its biological activities through receptors such as
CMKLRI1. Publicly available transcriptomic datasets in-
dicate that A2058 and A375 cells express little or no de-
tectable CMKLR1, suggesting that an autocrine chemerin—
CMKLRI1 signaling loop is unlikely to operate in these cell
lines. Consequently, the present study mainly reflects the
intracellular consequences associated with TIG2 overex-
pression rather than receptor-mediated extracellular signal-
ing. Further studies using CMKLR1-positive melanoma
models or co-culture systems will be required to clarify the
contribution of extracellular TIG2 signaling to melanoma
progression.

6. Conclusions

This study demonstrates for the first time that 7/G2 is
downregulated in skin cancer tissues and melanoma cells,
and that its overexpression significantly inhibits melanoma
cell viability and induces cell death. RNA-seq and molec-
ular analyses demonstrated that TIG2 regulates multiple
chemokines associated with tumor progression and modula-
tion of the immune microenvironment, including CXCL10,
CXCLI11, and CCL2, while concurrently activating ER
stress-related genes such as HERPUDI and DDIT3. Fur-
thermore, the chemical chaperone TUDCA partially res-
cues TIG2-induced cytotoxic effects, supporting the notion
that the anti-proliferative effects of TIG2 are closely asso-
ciated with ER stress activation.

Although exogenous CXCL10 and CXCLI11 failed to
reverse the effects of TIG2, their regulation suggested that
TIG2 may participate in shaping the tumor immune mi-
croenvironment. Collectively, our findings suggest that
TIG2 exerts tumor-suppressive effects in melanoma and
may represent an important molecular link between ER
stress, cell survival, and immune regulation.
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