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Retinoic acid is the active metabolite of vitamin A. It
binds to the retinoic acid receptor (RAR) and retinoid X
receptor (RXR) to regulate the expression of downstream
genes, thereby influencing cell proliferation, differentia-
tion, and apoptosis. Although retinoic acid is effective in
preventing the development of melanoma, its high affin-
ity for both RAR and RXR results in a lack of specificity.
Consequently, patients who take retinoic acid may expe-
rience severe side effects, such as liver damage, terato-
genic effects, or neurological issues, making it unsuitable
for widespread use. Tazarotene is a third-generation syn-
thetic retinoid that primarily targets RAR-β and RAR-γ
subtypes and is mainly used as a topical medication in clini-
cal practice. In sporadic case studies, treatment with a 0.1%
tazarotene gel for 6 to 8 months in patients with melanoma
in situ resulted in disease remission without observed re-
currence [1]. In a randomized controlled trial evaluating
the treatment of melanoma in situ using either imiquimod
alone or imiquimod combined with 0.1% tazarotene gel,
the response rate for patients treated with imiquimod alone
was 64% (27 of 42 patients achieved remission), while the
response rate for those receiving combination therapy was
78% (29 of 37 patients achieved remission) [2]. Addition-
ally, patients in the combination therapy group showed a
significant increase in systemic inflammationmarkers com-
pared to those treated with imiquimod alone (mean 2.3 vs.
1.8). This indicates that tazarotene enhances immune re-
sponses in patients, potentially boosting the immune sys-
tem’s ability to target and eliminate tumor cells [2]. To
date, 87 clinical trials investigating the use of imiquimod for
treating melanoma in situ have collectively analyzed 1133
cases, with some studies also incorporating the combination
of imiquimod and 0.1% tazarotene gel. The rates of his-
tological clearance and clinical clearance were 56.9% and
43.2%, respectively. However, due to variations in study
methodologies (such as differences in drug administration
timing), statistical analysis to determine the efficacy of im-
iquimod and whether tazarotene provides an additive effect
remains inconclusive [3].

After binding to RAR-β/γ, tazarotene not only acts as
an AP1 and type I interferons (IFNs) antagonist but also
induces the expression of three distinct genes: tazarotene-
induced gene 1–3 (TIG1–TIG3). Among these, TIG1
and TIG3 are considered the most important retinoic acid-
regulated genes involved in the modulation of cancer cell
growth. TIG1was initially isolated from skin tissues treated
with retinoic acid derivatives. Amino acid sequence analy-
sis identified TIG1 as a transmembrane protein, with its C-
terminal amino acid structure resembling latexin. Latexin
is the only carboxypeptidase inhibitor found in mammals.
TIG1 is highly expressed in well-differentiated prostate and
colorectal tissues but has low or no expression in various
cancers, including hepatocellular carcinoma, prostate can-
cer, head and neck cancer, nasopharyngeal carcinoma, gas-
tric cancer, and colorectal cancer, suggesting that TIG1
may function as a tumor suppressor gene. A recent study
by Meng Liu et al. [4] identified TIG1 as a promising
biomarker for melanoma. In melanoma, genetic muta-
tions in TIG1 may lead to the production of dysfunctional
or inactive proteins, while methylation of the TIG1 pro-
moter may result in the silencing of TIG1 expression, ulti-
mately leading to reduced TIG1 protein levels in melanoma
cells. When TIG1 is expressed in melanoma cells, it ex-
hibits multiple tumor-suppressive effects, including: pro-
moting immune cell infiltration, particularly macrophages
and T cells (especially type 1 T helper cells); downregu-
lating cyclin D1 and cyclin E, thereby inhibiting cell cy-
cle progression; upregulating p53, B-cell lymphoma 2-
associated X protein (Bax), and Bcl-2 homologous antag-
onist/killer (Bak), leading to cell apoptosis and inducing
light chain 3 II and p62 expression, triggering autophagy
[4]. The authors proposed that TIG1 induces apoptosis,
cell cycle arrest, and autophagy by upregulating intracel-
lular reactive oxygen species (ROS) levels. Additionally,
in our recent study, we identified 101 genes with signif-
icant transcriptional changes in melanoma cells express-
ing TIG1. Among them, two genes exhibited particularly
distinct changes (log2 fold change >5): TIG1 itself and
Schlafen 11 (SLFN11) [5]. Beyond gene expression, we
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also observed that when A2058 melanoma cells express
TIG1, they also induce SLFN11 protein expression (data
not shown). Schlafen family gene expression is regulated
by type I IFNs and downstream JAK kinase signaling path-
ways [6]. Meng Liu et al. [4] reported that TIG1 en-
hances Th1 cell-mediated immune responses. Collectively,
these findings suggest that TIG1-driven SLFN11 upregula-
tion may be linked to its role in interferon activation.

The putative DNA/RNA helicase SLFN11 exhibits a
causal relationshipwith the ability of cancer cells to respond
to DNA-damaging agents. SLFN11 is widely expressed
in colon cancer, ovarian adenocarcinoma, sarcoma, small
cell lung cancer, and breast cancer, making it a potential
biomarker for predicting the response to DNA-damaging
agents in clinical trials. SLFN11 detects stressed replication
and induces irreversible replication blockage during un-
planned DNA re-replication or replication stress, thus serv-
ing as a crucial regulator of the cellular response to DNA
damage. Recent research by Boon and colleagues indicates
that when cellular DNA is damaged under conditions of
extreme stress, the SLFN11 gene shuts down the protein
synthesis machinery in the ribosomes, allowing cells to by-
pass the p53 pathway and undergo cell death [7]. Addi-
tionally, retinoic acid synergizes with the DNA alkylating
agent dacarbazine to promote apoptosis in melanoma cells
[8]. This suggests that retinoic acid may alter the cellu-
lar stress environment or enhance the effects of therapeu-
tic agents under stress conditions, thereby increasing DNA
alkylating agent efficacy. When SLFN11 detects single-
stranded DNA within the cell, it not only directly regulates
cell growth by triggering related responses but also acti-
vates innate immune responses through its RNase activity
[9]. SLFN11 also enhances the cytotoxic effects of immune
cells on cancer cells by increasing type I IFN and IFN-γ
signaling [10]. Furthermore, SLFN11 expression is asso-
ciated with immune activation in the tumor microenviron-
ment of various cancers [11]. In hepatocellular carcinoma
(HCC), SLFN11 expression is linked to the effectiveness
of immune checkpoint inhibitors (ICIs). It is upregulated in
ICI-responsive tumors, while tumors lacking SLFN11 show
increased immunosuppressive macrophage infiltration and
faster progression. The absence of SLFN11 activates the
Notch pathway, promoting chemokine (C-C motif) ligand
2 (CCL2) production, macrophage migration, and M2 po-
larization, which enhances PD-L1 expression through NF-
κB activation. Blocking CCL2 signaling and M2 polariza-
tion can improve anti-PD-1 therapy efficacy in SLFN11-
deficient tumors [12]. Furthermore, SLFN11 expression
correlates with immune cell infiltration and immune check-
point expression, making it a potential biomarker for mon-
itoring immune therapy responses [13].

In the study by Liu et al. [4], the effects of TIG1 ex-
pression on melanoma cells could be explained by the up-
regulation of ROS, but this does not account for the chemo-
tactic effects on various immune cells within tissues. Ad-

ditionally, patients with melanoma in situ treated with im-
iquimod combined with 0.1% tazarotene exhibited a higher
inflammatory response in tissues compared to those treated
with imiquimod alone [2]. Tazarotene induces another im-
portant tumor suppressor gene, TIG3, which also has the
potential to promote cell differentiation and inhibit can-
cer cell growth. However, there are no reports indicating
that TIG3 expression in cells promotes immune cell chemo-
taxis. These findings suggest that the increased inflamma-
tory response in patient tissues following tazarotene treat-
ment may be related to TIG1 expression. The infiltration of
T cells and macrophages in cells expressing TIG1 may be
associated with TIG1-induced SLFN11 expression.

Although the mutation rate of p53 in melanoma cells
is relatively low (ranging from 10–19%), its activity is often
compromised due to various interfering factors [14]. When
p53 is inactivated, TIG1-induced SLFN11 expression of-
fers an alternative pathway to inhibit cancer cell growth,
providing a target for drug development. However, during
the progression of some melanomas, the expression level
of retinoic receptors decreases [15]. The loss of RAR ex-
pression leads to the ineffectiveness of tazarotene in ac-
tivating downstream genes, including TIG1. Therefore,
RAR expression in melanoma tissues may serve as a use-
ful biomarker for predicting the effectiveness of tazarotene
treatment.
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