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Abstract: Melanoma is the most invasive and lethal skin cancer. Recently, PD-1/PD-L1 pathway
modulation has been applied to cancer therapy due to its remarkable clinical efficacy. SH003,
a mixture of natural products derived from Astragalus membranaceus, Angelica gigas, and Trichosanthes
kirilowii, and formononetin (FMN), an active constituent of SH003, exhibit anti-cancer and anti-
oxidant properties. However, few studies have reported on the anti-melanoma activities of SH003
and FMN. This work aimed to elucidate the anti-melanoma effects of SH003 and FMN through the
PD-1/PD-L1 pathway, using B16F10 cells and CTLL-2 cells. Results showed that SH003 and FMN
reduced melanin content and tyrosinase activity induced by α-MSH. Moreover, SH003 and FMN
suppressed B16F10 growth and arrested cells at the G2/M phase. SH003 and FMN also led to cell
apoptosis with increases in PARP and caspase-3 activation. The pro-apoptotic effects were further
enhanced when combined with cisplatin. In addition, SH003 and FMN reversed the increased PD-L1
and STAT1 phosphorylation levels induced by cisplatin in the presence of IFN-γ. SH003 and FMN
also enhanced the cytotoxicity of CTLL-2 cells against B16F10 cells. Therefore, the mixture of natural
products SH003 demonstrates therapeutic potential in cancer treatment by exerting anti-melanoma
effects through the PD-1/PD-L1 pathway.
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1. Introduction

Melanoma is the deadliest form of skin cancer, and it poses significant clinical and
financial challenges [1]. Following the introduction of new therapies such as immune
checkpoint inhibitors, deaths from melanoma in the United States dropped sharply by
6.4% per year on average from 2013 to 2017 [2]. One of the most important checkpoint
pathways in the tumor microenvironment is the inhibition of tumor-induced immunity
regulated by programmed cell death protein 1 (PD-1) and programmed death ligand
1 (PD-L1) [3]. Activation of the PD-1/PD-L1 axis plays a critical role in allowing tumors to
evade T cell immunological responses [4]. The use of PD-1 inhibitors or PD-L1 inhibitors to
sensitize tumor therapy can reverse this evasion, enhancing anti-tumor immune activity,
and the FDA has approved PD-L1 inhibitors such as Atezolizumab, Durvalumab, and
Avelumab for use in cancer therapy [4]. Cytotoxic T lymphocytes are primarily responsible
for killing tumor cells [5], and they play an important role in effective anti-PD-1/PD-L1
therapy within the tumor microenvironment [6]. Disrupting T cell exhaustion through the
PD-1/PD-L1 axis has impressive therapeutic efficacy in the treatment of melanoma [7].
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Oxidative stress significantly impacts melanogenesis and subsequent melanoma for-
mation [8]. While melanin plays a protective role against the progression of cutaneous
carcinomas such as melanoma, the presence of melanin could be required for the malignant
transformation of melanocytes [9]. Melanogenesis can promote tumor growth and induce
tumor progression [10,11]. Melanogenesis is enhanced by the activation of tyrosinase, an
essential enzyme in melanin synthesis, and is initiated by the oxidation of tyrosine by
tyrosinase [12].

SH003, a combination of natural products derived from Astragalus membranaceus
(Fisch.) Bunge, Angelica gigas Nakai, and Trichosanthes kirilowii (Maxim.), has been com-
monly used in East Asia. Studies have revealed that SH003 possesses anti-tumor effects in
several cancer types such as breast [13], lung [14], gastric [15], cervical [16], and prostate
cancer [17], as well as anti-oxidant effects [18]. Additionally, SH003 has shown beneficial
effects in alleviating neuropathic pain induced by anti-cancer agents [19,20]. Formononetin
(FMN), which is a constituent of Astragalus membranaceus (Fisch.) Bunge [21], has been
reported to be a marker compound (0.06%) of SH003 [22–24]. FMN has been recognized for
its beneficial properties in combatting several cancers, including esophageal [21], colon [25],
and breast cancer [26], and in mitigating oxidative damage, infection, inflammation, dia-
betes, and obesity [27,28]. Regarding the production of melanin, there is only one piece of
research that suggests FMN has an anti-oxidant effect by inhibiting tyrosinase activity in
HepG2 cells [29]. However, there has been no research on the regulatory effect of SH003
and FMN on melanogenesis and melanoma.

Accordingly, we aimed to identify the anti-melanogenesis and anti-cancer activity of
SH003 and FMN with emphasis on the immune checkpoint in the melanoma microenviron-
ment. We investigated the potential of SH003 and FMN as anti-melanogenesis inhibitors
and anti-cancer agents for combatting melanoma using B16F10 cells. Furthermore, the
cytotoxic efficacy of cytotoxic T lymphocytes by SH003 and FMN was evaluated using
CTLL-2 cells.

2. Materials and Methods
2.1. SH003 and FMN

SH003 was extracted from Astragalus membranaceus (Fisch.) Bunge, Angelica gigas
Nakai, and Trichosanthes kirilowii (Maxim.) in a 1:1:1 ratio as previously described [15].
FMN (purity ≥ 99%; Sigma-Aldrich Co., Burlington, MA, USA) was prepared in 0.01%
dimethyl sulfoxide.

2.2. Cell Lines

B16F10 cells (Korean Cell Line Bank, Seoul, Republic of Korea) and CTLL-2 cells
(American Type Culture Collection, Manassas, VA, USA) were cultured according to the
manufacturer’s instructions. B16F10 cells were cultured in Dulbecco’s Modified Eagle’s
Medium with 10% fetal bovine serum. CTLL-2 cells were cultured in RPMI 1640 medium
containing 10% T-cell culture supplement with Con A (T-STIM with Con A, BD Biosciences,
San Jose, CA, USA) and 10% fetal bovine serum.

2.3. Melanin Content and Tyrosinase Activity Assay

The intracellular melanin content and tyrosinase activity were assessed with reference
to previous works [30–32]. B16F10 cells (1 × 105 cells) were treated with SH003, FMN, and
α-melanocyte-stimulating hormone (α-MSH, 100 nM) for 72 h. For the melanin content
assay, the cells were washed with phosphate-buffered saline and the resulting pellets were
lysed with 150 µL of 1 N NaOH containing 10% dimethyl sulfoxide for 1 h at 80 ◦C. The
cell suspension was quantified by means of a bicinchoninic acid protein assay kit (Thermo
Fisher Scientific, Waltham, MA, USA). The melanin content in the quantified cell suspension
was assessed by means of a colorimetric microplate reader (405 nm, Molecular Devices, San
Jose, CA, USA). In the tyrosinase activity assay, the cells were lysed in 1% Triton X-100 for
2 h at 4 ◦C. The quantified pellets were then added to 10 µL of 10 mM L-DOPA (also known
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as levodopa) for 30 min at 37 ◦C. Tyrosinase activity was assessed by means of a microplate
reader (475 nm, Molecular Devices). The melanin content and tyrosinase activity were
calculated as 100% of the α-MSH-treated group.

2.4. MTT Assay

Cell viability was assessed by means of a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
Bromide (MTT) assay referring to existing work [18]. The absorbance was evaluated
spectrophotometrically by means of a colorimetric microplate reader (570 nm, Molecular
Devices), after the formazan crystals were dissolved in dimethyl sulfoxide.

2.5. Western Blot Analysis

Each expression was detected with reference to existing work [18]. The harvested
cells were extracted by means of radioimmunoprecipitation assay buffer (Sigma-Aldrich
Co.) and then quantified by means of a bicinchoninic acid protein assay kit (Thermo Fisher
Scientific). The total protein was separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred to nitrocellulose membranes (Bio-Rad Laboratories, Her-
cules, CA, USA). The membranes were incubated with primary antibodies (PARP, caspase-3,
PD-L1, phosphorylated signal transducer and activator of transcription 1 (pSTAT1), STAT1,
actin, and GAPDH; Santa Cruz Biotechnology, Inc., Dallas, TX, USA). An enhanced chemilu-
minescence reagent (DoGenBio, Seoul, Republic of Korea) was used for signal development.

2.6. Cell Cycle Analysis

Cell cycle phase and DNA content were assessed using a propidium iodide staining
and flow cytometry assay with a propidium iodide flow cytometry kit (abcam, Boston, MA,
USA). The collected cells were fixed with 70% ice-cold ethanol and stored overnight at
−20 ◦C. After washing with phosphate-buffered saline, the pellets were then re-suspended
in phosphate-buffered saline containing 50 µg/mL of propidium iodide and 100 µg/mL of
ribonuclease and incubated for 30 min at room temperature. The cells were then subjected
to analysis using a FACSCalibur flow cytometer (BD Biosciences).

2.7. Cell Apoptosis Assay

Apoptotic cells were measured using a FITC Annexin V apoptosis detection kit with
propidium iodide (Biolegend, San Diego, CA, USA). The collected cells for apoptosis analy-
sis were double-stained with FITC-conjugated Annexin V and propidium iodide in a bind-
ing buffer for 30 min. The analysis was performed using a FACSCalibur flow cytometer.

2.8. qPCR

Total RNA was prepared by means of an extraction kit (iNtRON Biotech Inc., Seong-
nam, Republic of Korea). Reverse transcription and qPCR were performed using a cDNA
synthesis kit (Bioneer, Inc., Daejeon, Republic of Korea) and Power SYBR® Green Master
Mix (Thermo Fisher Scientific) on a Real-Time PCR System (Applied Biosystems, Waltham,
MA, USA). Primers for genes (PD-L1, For: 5′-TGCTGCATAATCAGCTACGG-3′, Rev: 5′-
GCTGGTCACATTGAGAAGCA-3′ and GAPDH, For: 5′-CCAATGTGTCCGTCGTGGATCT-
3′, Rev: 5′- GTTGAAGTCGCAGGAGACAACC-3′) were synthesized at Bioneer, Inc.

2.9. Immunofluorescent Staining

Immunofluorescent staining was conducted as previously described [18] with anti-
PD-L1 (Santa Cruz Biotechnology) and anti-mouse Alexa Fluor® 647 secondary antibodies
(abcam).

2.10. T Cell-Mediated Cytotoxicity Assay

To determine the cytotoxic T lymphocyte activities of CTLL-2 cells, a cell-mediated
cytotoxicity assay was conducted using a cell cytotoxicity assay kit (DoGenBio). CTLL-2
cells (effector cells) were cultured with B16F10 cells (target cells) at an effector-to-target cell
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ratio of 20:1. The cells were exposed to SH003 and FMN for 24 h. The lactate dehydrogenase
release was analyzed in the cell-free supernatants. Additionally, a viability assay was
performed using the MTT assay on the adhered viable target cells.

2.11. Statistical Analysis

Data are shown as the mean ± standard error of the mean (SEM). Multiple compar-
isons were conducted using one-way analysis of variance followed by Tukey’s post hoc
test. A Student’s unpaired t-test was used to compare between two independent groups.
A p-value below 0.05 was considered statistically significant (IBM SPSS software, Armonk,
NY, USA).

3. Results
3.1. Regulatory Effect of SH003 and FMN on the Melanogenesis of B16F10 Cells

First, we assessed the effects of SH003 and FMN on melanin content in α-MSH-
stimulated B16F10 cells. α-MSH is one of the most common reagents used to stimulate
pigmentation [33]. The α-MSH stimulation augmented the melanin content in B16F10
cells. However, treatment with SH003 and FMN significantly reduced the α-MSH-induced
increase in melanin content (p < 0.05, Figure 1a). In addition, the cell images in Figure 1b
show that SH003 and FMN clearly attenuated the presence of dark pigments. Next, we
investigated whether SH003 and FMN could regulate tyrosinase activity in the α-MSH-
stimulated B16F10 cells. As expected, SH003 and FMN significantly inhibited tyrosinase
activity (p < 0.05, Figure 1c).
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Figure 1. SH003 and FMN reduce melanin content. (a) The melanin contents and (c) tyrosinase
activity were assessed in α-MSH-stimulated B16F10 cells (n = 4 per group). (b) The dark pigmentation
was assessed under a light microscope. The scale bar represents 100 µm. ### p < 0.001 vs. control
(CTRL, untreated) group. * p < 0.05, ** p < 0.01, and *** p < 0.001 vs. α-MSH-treated group.

3.2. Regulatory Effect of SH003 and FMN on the Proliferation and Apoptosis of B16F10 Cells

To assess the anti-cancer effect of SH003 and FMN, an MTT assay was first performed
at different concentrations. As illustrated in Figure 2a, cell viability gradually decreased
with increasing concentrations of SH003 and FMN, indicating that SH003 and FMN had
inhibitory effects on the proliferation of B16F10 cells (p < 0.05). To further explore the
molecular mechanism of this effect, we investigated the expression of signaling molecules
by immunoblots. Both SH003 and FMN significantly enhanced the levels of cleaved PARP
and caspase-3 compared with the control group in B16F10 cells, (p < 0.05, Figure 2b,c).
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Figure 2. SH003 and FMN inhibit B16F10 cell growth. (a) Proliferation activity of B16F10 cells was
assessed using an MTT assay after incubation with SH003 and FMN for 48 h (n = 8 per group).
(b) PARP and caspase-3 levels were detected using immunoblots after incubation with SH003 and
FMN for 24 h. (c) Expression levels were quantified relative to the CTRL group. * p < 0.05 and
*** p < 0.001 vs. control (CTRL, untreated) group.

3.3. Synergistic Effect of Cisplatin Combined with SH003 and FMN on Cell Cycle Arrest of
B16F10 Cells

It has been known that cisplatin is a good chemotherapy drug for the treatment of
various tumors [34]. To verify if combining cisplatin with SH003 and FMN inhibits tumor
progression more effectively, we examined cell viability in the presence of SH003 and
FMN. Based on the IC 50 values (SH003, ≈0.78 mg/mL; FMN, ≈468.6 µM), we selected
concentrations of 0.8 mg/mL for SH003 and 400 µM for FMN for subsequent experiments.
The MTT assay indicated that the combination of cisplatin with SH003 and the combination
of cisplatin with FMN exhibited significantly lower viability compared with each agent
alone (p < 0.05, Figure 3a). Furthermore, analysis of the cell cycle distribution of SH003 and
FMN showed that both SH003 and FMN led to cell cycle arrest at the G2/M phase (p < 0.05,
Figure 3b,c). In addition, the effect of the combination groups on the cell cycle arrest was
stronger than each single agent group (p < 0.05).
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Figure 3. The combination of cisplatin with SH003 and FMN has a synergistic effect on cell cycle
arrest. (a) The cell viability of B16F10 cells was analyzed with an MTT assay after incubation with
SH003, FMN, and cisplatin (20 µM) for 48 h (n = 8 per group). (b,c) Cell cycle distribution was
assessed using flow cytometry (n = 4 per group). * p < 0.05, ** p < 0.01, and *** p < 0.001 vs. control
(CTRL, untreated) group.
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3.4. Synergistic Effect of Cisplatin Combined with SH003 and FMN on Apoptosis of B16F10 Cells

To assess the effect of SH003 and FMN on apoptosis in B16F10 cells, a cell apoptosis
assay was carried out. As expected, SH003 and FMN significantly augmented the apoptosis
of B16F10 cells compared with the control group (p < 0.05, Figure 4a,b). Furthermore, the
combination groups of cisplatin with SH003 and FMN showed a higher apoptosis rate
than each agent alone (p < 0.05, Figure 4a,b). In addition, immunoblot analysis indicated
elevated levels of cleaved PARP and cleaved caspase-3 levels in both the SH003-treated
and FMN-treated groups compared to the control group. The combination groups also
demonstrated remarkable elevation in these levels (p < 0.05, Figure 4c,d).
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Figure 4. The combination of cisplatin with SH003 and FMN has a synergistic effect on apoptosis.
(a,b) B16F10 cells were treated with SH003, FMN, and cisplatin (20 µM) for 48 h. The percent of apop-
tosis cells was assessed using flow cytometry (n = 4 per group). (c) PARP and caspase-3 levels were
detected using immunoblots after incubation with SH003, FMN, and cisplatin for 24 h. (d) Expression
levels were quantified relative to the CTRL group. * p < 0.05, ** p < 0.01, and *** p < 0.001 vs. control
(CTRL, untreated) group.

3.5. Regulatory Effect of SH003 and FMN on IFN-γ-induced PD-L1 Expression in B16F10 Cells

IFN-γ is involved in tumor immune evasion by stimulating the expression of PD-L1
on tumor cells, suppressing the effector functions of cytotoxic T lymphocytes, and helping
tumor cells evade immune destruction [35]. Thus, we investigated whether SH003 and
FMN could affect IFN-γ-induced PD-L1 expression in B16F10 cells. PCR analysis showed
that SH003 and FMN significantly reduced the IFN-γ-induced PD-L1 mRNA expression
levels (p < 0.05, Figure 5a). Additionally, SH003 and FMN effectively inhibited the increase
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in PD-L1 protein expression induced by IFN-γ (p < 0.05, Figure 5b,c). Images of PD-
L1 staining further show the decrease in PD-L1 expression following SH003 and FMN
treatment (Figure 5d). Interestingly, cisplatin has been reported to cause tumor immune
evasion by up-regulating PD-L1 [36,37]. As illustrated in Figure 5, cisplatin enhanced IFN-
γ-induced PD-L1 expression levels. However, SH003 and FMN significantly reduced the
increase in IFN-γ-induced PD-L1 expression caused by cisplatin (p < 0.05). Subsequently,
the mechanism for the modulation of PD-L1 expression was further explored. Figure 6
shows that SH003 and FMN significantly decreased the IFN-γ-induced phosphorylation of
STAT1, which was enhanced by cisplatin (p < 0.05).
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Figure 5. SH003 and FMN inhibit IFN-γ-induced PD-L1 expression. (a) The mRNA levels (n = 5 per
group) and (b) protein levels of PD-L1 were assessed by qPCR and immunoblots after incubation
with SH003, FMN, and cisplatin (20 µM) for 1 h and further incubation with IFN-γ (10 ng/mL) for
24 h. (c) Each expression was quantified relative to the CTRL group. ### p < 0.001 vs. control (CTRL,
untreated) group. * p < 0.05, ** p < 0.01, and *** p < 0.001 vs. IFN-γ-treated group. (d) Representative
confocal microscopy images for PD-L1. The scale bar represents 20µm.
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Figure 6. SH003 and FMN reduce IFN-γ-induced STAT1 phosphorylation. (a) The protein levels
of pSTAT1 were detected using immunoblots after incubation with SH003, FMN, and cisplatin
(20 µM) for 1 h and further incubation with IFN-γ (10 ng/mL) for 10 min. (b) Expression levels were
quantified relative to the CTRL group. ### p < 0.001 vs. control (CTRL, untreated) group. * p < 0.05,
** p < 0.01, and *** p < 0.001 vs. IFN-γ-treated group.

3.6. Regulatory Effect of SH003 and FMN on Cytotoxicity of CTLL-2 Cells against B16F10 Cells

To further assess the anti-cancer effect of SH003 and FMN, the regulatory effect on the
cytotoxicity of cytotoxic T lymphocytes was evaluated using CTLL-2 cells. As demonstrated
in Figure 7a, CTLL-2 cells showed cytotoxicity against B16F10 cells, and SH003 and FMN
significantly augmented the cytotoxicity of CTLL-2 cells against B16F10 cells (p < 0.05).
Subsequently, CTLL-2 cells downregulated the cell viability of B16F10 cells, and SH003
and FMN further suppressed the cell viability of B16F10 cells decreased by CTLL-2 cells
(p < 0.05, Figure 7b).
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Figure 7. SH003 and FMN enhance the cytotoxicity of CTLL-2 cells against B16F10 cells. (a) Cytotoxi-
city was determined using a lactate dehydrogenase detection assay in a co-culture system of B16F10
cells/CTLL-2 cells (n = 4 per group). (b) The cell viability was determined with an MTT assay in a
co-culture system of B16F10/CTLL-2 cells (n = 4 per group). * p < 0.05, ** p < 0.01, and *** p < 0.001 vs.
control (untreated) group.

4. Discussion

Carcinogenesis is strongly associated with oxidative stress and nutritional status [38].
The nutritional status affects the immune system, which in turn can impact cancer progres-
sion [38,39]. Cancer initiation is also regulated by nutrition-mediated oxidation, which can
stimulate oncogenic pathways [38,39]. Astragalus membranaceus (Fisch.) Bunge, Angelica
gigas Nakai, and Trichosanthes kirilowii (Maxim.), as the functional foods that comprise
SH003, possess not only high nutritional value but also exhibit anti-cancer and anti-oxidant
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properties [22,40–44]. Our previous work also showed the immune-enhancing effects of
SH003 [18]. Thus, the immune-enhancing and anti-oxidant activities of SH003 strongly sup-
port the potential of SH003 as an anti-cancer agent. However, more experiments involving
the efficacy of SH003 against nutrition-mediated oxidation in various tumor models are
needed to verify this potential.

The variations were observed in the anti-melanogenic and anti-cancer effects between
SH003 and FMN in our work. Calycosin, an isoflavone of Astragalus membranaceus (Fisch.)
Bunge, has been reported to have anti-melanogenesis effects in an animal model [45].
Decursin, an effective compound of Angelica gigas Nakai, has been reported to possess
protective effects against hyperpigmentation by inhibiting melanin synthesis and tyrosi-
nase activity of B16F10 melanoma cells [46]. Decursin also exerted beneficial properties
against melanoma by reducing B16F10 melanoma growth via induction of apoptosis [47].
Nodakenin, an effective compound of Angelica gigas Nakai, showed anti-melanogenesis
effects by decreasing the melanin synthesis and tyrosinase activity of B16F10 melanoma
cells [48]. Oh et al. [49] suggested cucurbitacin, an effective compound of Trichosanthes
kirilowii (Maxim.), as a regulatory component on melanin synthesis and tyrosinase activity
of B16F10 melanoma cells. Tsao et al. [50] revealed that trichosanthin, an effective com-
pound of Trichosanthes kirilowii (Maxim.), displayed cytotoxic activity against melanoma
cells. Thus, the variations might be observed because SH003, being a mixture of Astragalus
membranaceus (Fisch.) Bunge, Angelica gigas Nakai, and Trichosanthes kirilowii (Maxim.),
contains a range of active compounds such as calycosin, decursin, nodakenin, cucurbitacins,
and trichosanthin, whereas FMN is just one of the active compounds in SH003.

Melanin plays a critical role in melanoma pathology by promoting malignant trans-
formation of melanocytes [51]. The melanin presence in melanoma cells can impact their
susceptibility to treatment [52]. Slominski et al. [53] suggested that a decrease in melano-
genesis could form a therapeutic approach in the management of advanced melanoma.
In fact, melanogenesis inhibition improved the outcome of radiotherapy in metastatic
melanoma patients [52]. Moreover, oxidative stress is closely related to melanogenesis [8].
Antioxidants derived from natural products have been found to inhibit melanin content in
B16 cells [54]. In our work, we revealed that SH003 reduced melanin content and tyrosine
oxidation in B16F10 cells, proposing its potential as an antioxidant, at least in this respect.
Thus, this suggests that SH003 affects tumor progression by modulating melanin synthesis.
However, the function of melanin in melanoma is controversial. A study suggested that
melanin inhibits melanoma metastasis [55]. Therefore, further studies are required to
examine the regulatory effect of SH003 on melanogenesis using various melanoma models.

PD-L1 expression in tumor cells correlates with tumor immune evasion and poor clini-
cal outcomes [56]. Accumulating evidence has shown the anti-tumor effects of suppressing
PD-L1 expression in tumor cells [57,58]. In our study, SH003 effectively blocked the progres-
sion of melanoma by targeting the PD-L1 signaling pathway and promoting cell apoptosis.
PD-L1 is known to induce DNA damage repair and inhibit cancer cell death in response to
DNA damage [59]. Thus, the advantages of using SH003 to sensitize tumor therapy via
the modulation of PD-L1 may also be mediated by PD-L1-induced DNA damage repair.
However, further research is needed to provide evidence for the advantages of SH003
against PD-L1-induced DNA damage. The binding of PD-L1 to PD-1 disrupts the ability of
T cells to kill tumor cells [57]. PD-1-expressing CTLL-2 cells have been used as a murine cell
line of cytotoxic T lymphocytes [60,61]. In addition, the co-culture system of CTLL-2 and
B16F10 cells has been applied in several studies to evaluate anti-cancer efficacy, including T
cell-mediated melanoma killing [62,63]. In our work, SH003 augmented the killing effect of
CTLL-2 cells on B16F10 cells by reducing PD-L1 via the downregulation of STAT1 signaling.
These findings suggest that SH003 could be a potential immuno-anti-cancer agent for the
treatment of melanoma. However, further research is required to demonstrate the ability of
SH003 to enhance T cell immunity by modulating PD-L1 levels in various tumor-associated
antigen-presenting cells.



Nutrients 2023, 15, 2790 10 of 13

Cisplatin augments PD-L1 expression in tumor cells [36,37]. Thus, combination ther-
apy involving cisplatin and immune checkpoint inhibitors has been proposed as a strategy
to address this [64]. In our study, SH003 demonstrated significant anti-cancer potential
against melanoma by reducing tumor proliferation and promoting apoptosis. The combina-
tion of SH003 with cisplatin exhibited even higher anti-cancer activity compared to cisplatin
alone. This enhancement can be attributed to an increased number of apoptotic cells and
elevated expression of PARP and caspase-3 in the combination group. The combination
also showed a more pronounced cell cycle arrest, leading to an elevated proportion of
cells in the G2/M phase. These results suggest that SH003 could be a valuable agent for
combination therapy with cisplatin, effectively overcoming PD-L1-mediated resistance to
chemotherapy and immunotherapy.

5. Conclusions

The current work is the first to characterize the anti-melanogenesis and anti-melanoma
properties of SH003 and FMN. The principal findings of this study are as follows: (i) SH003
and FMN treatments inhibit melanogenesis. (ii) SH003 and FMN promote apoptosis
in B16F10 cells, accompanied by elevated levels of active PARP and caspase-3. (iii) The
combination of cisplatin with SH003 or FMN enhances their respective pro-apoptotic effects.
(iv) SH003 and FMN reduce PD-L1 expression by downregulating STAT1 phosphorylation.
(v) SH003 and FMN augment the cytotoxicity of cytotoxic T lymphocytes against B16F10
cells. Therefore, SH003 has anti-melanoma properties, simultaneously enhancing the
function of cytotoxic T lymphocytes. These results propose that the natural product mixture
SH003 holds promise as a novel approach in the prevention of melanoma progression.
However, future studies should explore the comparative advantages of SH003 and FMN in
clinical application.
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