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Abstract: The incidence of melanoma, which is among the most common skin cancers, has significantly increased
at an alarming rate over the past decade. Serum amyloid P component (SAP), a member of the pentraxin (PTX)
family, is a major acute-phase protein in mice. The effects of SAP on melanoma and the mechanisms underlying
these effects remain unclear. In the current study, we established xenograft and metastatic melanoma models in
SAP-overexpressing (SAP-Tg) mice to determine the effect of SAP on the progression of melanoma. Compared with
wild-type (WT) mice, SAP-Tg mice developed tumors with smaller volumes and fewer metastatic foci, and the degree
of cell proliferation within the transplanted tumors was significantly decreased by SAP. Further study indicated that
SAP inhibited melanoma growth and metastasis by suppressing CC-chemokine 1 (CCL1) secretion from activated
macrophages, while CCL1 promoted the migration and invasion of B16F10 melanoma cells. Furthermore, SAP-
induced CCL1 downregulation suppressed Ras/p-ERK pathway activation. These findings indicate a new effect of
SAP mediated via a novel mechanism and provide direct evidence that SAP may have therapeutic value for mela-

noma.
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Introduction

Serum amyloid P component (SAP) is a mem-
ber of the pentraxin (PTX) protein family [1],
which contains two subfamilies: short-chain
PTXs, including SAP and C-reactive protein
(CRP), and long-chain PTXs, such as PTX3 [2].
SAP and CRP are acute-phase reactive pro-
teins. However, unlike CRP, which is an acute-
phase protein in humans, SAP is a major acute-
phase protein in mice [3]. SAP is produced
mainly in the liver through stimulation by TNF-
alpha and interleukin-6. Merchant S et al. dem-
onstrated that photodynamic therapy (PDT)-
treated tumor cells can directly produce SAP
[4]. Additionally, SAP can inhibit hepatic and
cardiac fibrosis [5-8], dermal wound healing [9],
allergic airway disease [10], radiation-induced
oral mucositis [11], autoimmune disease [12],
kidney injury [13] and so forth. Furthermore,
recombinant human SAP enhanced the pulmo-

nary function of pulmonary fibrosis patients
in a phase 1B clinical trial [14]. Levo Y et al.
demonstrated that the serum concentration of
SAP in patients with breast cancer was signifi-
cantly increased and correlated with breast
cancer progression [3]. Moreover, SAP levels
were not found to be altered in patients with
colon cancer [3]. While the role of SAP in breast
cancer has been explored, research on the role
of SAP in melanoma remains extremely limited
and fragmented. A recent study revealed that a
SAP-derived microprotein can modulate chap-
erone-mediated autophagy (CMA) to promote
PD-L1 degradation in melanoma, suggesting
the potential of SAP as a therapeutic tool [15].
However, whether SAP plays a role in melano-
ma is not yet known.

Melanoma is among the most common skin
cancers, and its incidence has significantly
increased at an alarming rate over the past
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decade [16-18]. Additionally, melanoma is
among the most aggressive and deadly forms
of skin cancer. Once melanoma enters the
metastatic stage, it has a poor prognosis; the
five-year survival of patients with metastatic
melanoma is less than 5%, with a median sur-
vival period of approximately 8.5 months [19].
Currently, BRAF and MEK are the most com-
mon targets for the clinical treatment of mela-
noma [20]. Nevertheless, long-term targeted
treatment frequently induces drug resistance,
tumor recurrence and distant metastasis, thus
limiting clinical therapeutic efficacy [21]. In
recent years, the remodeling of the melanoma
tumor microenvironment, especially macro-
phage infiltration and macrophage-derived che-
mokine regulatory networks, has become hot
research topic because the tumor microenvi-
ronment profoundly affects melanoma prolifer-
ation, invasion and metastasis. However, cross-
talk between upstream molecules and macro-
phage chemokine pathways remains poorly
understood [22]. Therefore, research into the
mechanisms responsible for melanoma is nec-
essary to identify new strategies for treating
this disease.

Chemokines play important roles in the pro-
gression of malignant tumors [23-25]. CC-che-
mokine 1 (CCL1), which is secreted by activat-
ed macrophages, T cells, mast cells, and endo-
thelial cells, can promote the migration of mela-
noma cells to the lymph nodes through CCRS,
the receptor for CCL1 [26]. CCL1 has also been
shown to activate the Ras/MAP-kinase path-
way in BW5147 thymic lymphoma cells [26].
However, the role of the CCL1/Ras/MAP kinase
pathway in melanoma progression and the rela-
tionship between SAP and the CCL1/Ras/MAP
kinase pathway remain unknown.

In the current study, we showed that tumor vol-
ume and weight were smaller in SAP-Tg mice
than in WT mice, and SAP-Tg mice developed
fewer metastatic tumors on pulmonary and
liver surfaces. We also revealed that SAP sup-
pressed the secretion of CCL1 by activated
macrophages. In addition, we showed that
CCL1 promoted the migration and invasion of
B16F10 melanoma cells and activated the
Ras/MAPK pathway. Furthermore, the expres-
sion of Ras and p-Erk1/2 in tumor tissues was
significantly lower in SAP-Tg mice than in WT
mice. Taken together, these results show that
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SAP inhibits the growth and metastasis of mel-
anoma through the CCL1/Ras/MAPK pathway.

Materials and methods
Mice

SAP-overexpressing (SAP-Tg) mice and SAP-
knockout (SAP KO) mice were obtained from
Professor Geng, and the mouse phenotypes
were detected by PCR using the following prim-
ers: SAP-Tg mice, 5-TACAGTGACCTTTCCCGCTCT
CAGAGTCT-3’ (forward) and 5-ACGACTCACTA-
TAGG GCGAATTGGGTACA C-3’ (reverse); and
SAP KO mice, 5-TACAGTGACCTTTCCCGCTCTC-
AGA GTCT-3’ (forward) and 5-ACGACTCACTAT-
AGGGCGAATTGGGTACAC-3’ (reverse). Animal
housing and experimental procedures followed
institutional guidelines.

Transplanted tumor growth assay and survival
curves

All animal experiments were carried out on 6-
to 8-week-old female WT mice, female SAP-Tg
mice and SAP KO mice. The mouse melanoma
cell line B16F10 (B16) was passaged in RPMI-
1640 medium supplemented with 10% FCS. A
total of 1 x 10° cells suspended in 200 yL of
phosphate-buffered saline (PBS) were injected
subcutaneously into the right armpits of the
mice. The length and width of the tumors were
measured with a Vernier caliper, and the tumor
volume was calculated as 0.52 x length x
width2. When the largest tumor mass exceeded
2 c¢cm?, euthanasia was performed according to
institutional guidelines, and the tumors were
weighed. For the survival assay, the mice were
kept in a pathogen-free environment and
euthanized by cervical dislocation when their
general condition severely declined. The time
was recorded. All animal experiments were
approved by the Medical Research Animal
EthicsCommittee of GuangdongPharmaceutical
University and were conducted in accordance
with relevant national and international guide-
lines (Approval No. gdpulacspf2021005).

Experimental metastasis assay

For the experimental metastasis model, 1 x
10% B16F10 cells in 200 uL of PBS were inject-
ed intravenously into the tail vein. The mice
were sacrificed after 3 weeks, after which their
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lungs, livers, kidneys, brains and mesentery
were carefully checked. The surface metastatic
colonies were counted under a stereomicros-
cope.

Evaluation of tumor metastasis

The lungs, livers, kidneys and brains of WT and
SAP-Tg mice were embedded in paraffin, serial-
ly sectioned and stained with hematoxylin-
eosin (H&E). Next, two experienced patholo-
gists who were blinded to the source of the tis-
sues viewed the H&E-stained slides and deter-
mined the number of metastatic and micromet-
astatic foci. The number of metastatic foci in
every mouse was determined by the following
equation: number of metastatic foci = number
of foci in all the sections in every mouse/num-
ber of sections.

Immunohistochemical staining

Immunohistochemical staining was performed
to determine whether the overexpression of
SAP affects the proliferation of tumor cells.
Before immunohistochemical staining was per-
formed, 100 mg/kg 5-bromo-2’-deoxyuridine
(BrdU; cat. no. B5002; Sigma) was intraperito-
neally injected into B16 xenograft mice. After 1
h, the mice were sacrificed. Briefly, 3 ym sec-
tions were dewaxed, hydrated and incubated in
a 3% H,0,-methanol solution at 37°C for 30
min. After being blocked with 10% BSA, the
sections were incubated with an anti-BrdU
(1:100 dilution; cat. No. sc-32323; Santa Cruz,
CA, USA) primary antibody overnight at 4°C.
The next day, the sections were detected using
an HRP-conjugated secondary antibody and
stained with dimethylaminoazobenzene (DAB).
After the sections were counterstained with
hematoxylin, the number of BrdU* cells was
counted in a random 400x field as a percent-
age of the total number of cells per field.

CHIP protein assay and Enzyme-linked immu-
nosorbent assay (ELISA)

Mouse protein CHiP assay kits were purchased
from RayBiotech (cat. No. AAM-INF-1; RayBio-
tech, Guangzhou, China). The Mouse Inflam-
matory Array Kit contained 43 different inflam-
matory factors. The CHiP protein assay was
performed according to the manufacturer’s
instructions. Briefly, serum was obtained from
WT and SAP-Tg mice into which melanoma cells
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had been transplanted. The diluted serum was
incubated with the antibody arrays overnight
at 4°C. The arrays were subsequently wash-
ed to remove unbound protein prior to incuba-
tion with a biotinylated antibody cocktail. The
membranes were subsequently washed and
incubated with horseradish peroxidase-strep-
tavidin. The arrays were quantified by densi-
tometry using the RayBiotech Q-analyser Tool
(RayBiotech).

CCL1 concentrations in serum, tissue homoge-
nates and cell culture supernatants were mea-
sured using commercial ELISA kits (JNOLNBIO,
Shanghai, China) according to the manufactur-
er’'s instructions.

Wound-healing assay

B16F10 cells were cultured in a 24-well plate at
a density of 5 x 10° cells/well in 500 uL of
RPMI-1640 medium supplemented with 10%
FBS. After 18 h, the B16F10 cell monolayer was
scratched with a 200 uL pipette tip at a 90°
angle to create a wound. The cells were sub-
sequently washed twice with PBS and incubat-
ed in fresh medium (10% FBS) supplemented
with PBS or CCL1 (12.5 ng/mL, 25 ng/mL or 50
ng/mL). Images were taken at O h and 18 h
under an inverted microscope (4% objective).
Migration was quantified by measuring the
diameter of the wound as the average diameter
from three different locations.

Cell migration and invasion assays

Cell migration and invasion assays were per-
formed as previously described using a Boy-
den chamber containing a polycarbonate filter
(Transwell 24, 8-mm pore; Costar, Cambridge,
MA, USA). B16F10 cells were resuspended in
serum-free medium and then added to the
chamber coated with (cell invasion assay) or
without (cell migration assay) Matrigel (cat. No.
356234; BD Biosciences San Jose, CA, USA) at
a density of 5 x 10°. PBS, CCL1 (12.5 ng/mL,
25 ng/mL or 50 ng/mL) or CCL1 (50 ng/mL)
supplemented with R243 (1 yM) was added to
the upper chamber. After being allowed to
migrate or invade for 24 h, the cells that
remained in the chamber were removed with a
cotton swab. The cells that had migrated or
invaded the lower surface of the chamber were
fixed with 4% paraformaldehyde and then
stained with 1% crystal violet. The numbers of
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30 days, when institutional animal welfare guidelines required termination

of the experiment. B. The length and width of tumors from mice subcutane-

Results

ously injected with B16F10 cells were measured, and tumor volume was
calculated. The average tumor volume of the mice in each group was plotted

against time. C. The weight of the primary tumors on Day 12. D. Immuno-

SAP suppresses melanoma

histological staining of Ki67 demonstrated that tumor cell proliferation was growth
significantly decreased in the SAP-Tg mice. Scale bars, 50 ym (magnification:

400x). The results are representative of at least four sections per mouse
from a minimum of three mice per group. Data are presented as the means

1+ SD. *P < 0.05; **P < 0.01; ***P < 0.001.

migrating or invading cells were determined by
counting the cells in five randomly selected
fields in the center of the filter under a phase-
contrast microscope. The experiments were
performed in triplicate.

Western blotting

Transplanted tumor tissues from WT and SAP-
Tg mice were harvested for protein extraction.
Equal amounts of total protein were then sepa-
rated by SDS-PAGE (10% polyacrylamide gel)
and transferred onto nitrocellulose mem-
branes. The membranes were probed with pri-
mary antibodies against Ras, p-ERK and ERK
(Cell Signaling Technology, Danvers, MA, USA),
followed by incubation with horseradish peroxi-
dase-conjugated secondary antibodies. Wes-
tern blotting was performed with a chemilumi-
nescence (ECL) kit (GE Healthcare, Pittsburgh,
PA, USA) according to the manufacturer’s
instructions. The band intensities were quanti-
fied by densitometry using ImageJ software.

Statistical analysis
Data analysis was performed using GraphPad

software (GraphPad Prism v10.6; GraphPad
Software, CA). Quantitative data are presented
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To investigate the potential
role of SAP in tumor growth,
B16F10 melanoma cells were
injected subcutaneously into
SAP-Tg and WT mice, after which the tumor vol-
ume was evaluated from Days 7 to 12. In all the
mice, the inoculated B16F10 melanoma cells
formed solid, round tumors with well-defined
margins in the right armpit. Furthermore, the
tumor volume and weight at 7-12 days of age
were smaller for SAP-Tg mice than for WT mice
examined (Figure 1B, 1C). The time of death of
each mouse was also related to the volume and
weight of the primary tumor, and survival signifi-
cantly differed between the WT and SAP-Tg
mice (Figure 1A) up to the time point at which
the tumors reached the size required to termi-
nate the experiment. In addition, we investigat-
ed whether SAP was involved in the prolifera-
tion of tumor cells and found a significant
reduction in the proliferation of tumor cells
from SAP-Tg mice (Figure 1D). We also detected
the effect of SAP on melanoma growth in SAP
KO mice and found that the melanoma volume
was greater in SAP KO mice than in WT mice
between 7 and 12 days of age (Figure S1A).
These results demonstrate that SAP significant-
ly inhibits melanoma growth.

SAP inhibits lung and liver metastasis

Given that SAP inhibits melanoma growth, we
wanted to determine whether SAP affects mel-
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Figure 2. SAP overexpression suppresses lung and liver metastasis of
B16F10 cells. (A) Gross images of melanoma lung metastasis in WT and
SAP-Tg mice. (B) The statistical analysis revealed fewer metastatic foci on the
lung surface in SAP-Tg mice than in WT mice. (C) H&E staining of the lungs of
SAP-Tg mice, which developed fewer micrometastatic foci than those of WT
mice did. (D) Gross images of melanoma liver metastasis in WT and SAP-Tg
mice. (E) The statistical analysis revealed fewer metastatic foci on the liver
surface in SAP-Tg mice than in WT mice. Scale bars, 1 cm in (A, D); 500 pym
(magnification: 40x) in (C). Data are presented as the means + SD. **P <

0.01; ***P < 0.001.

anoma metastasis. To determine the role of
SAP in melanoma metastasis, B16F10 mela-
noma cells were injected via the tail vein into
WT and SAP-Tg mice. Metastatic colonies
formed in the lungs and livers of WT and SAP-Tg
mice following the injection of BI6F10 melano-
ma cells and were observed as black spots. At
21 days after injection, the SAP-Tg mice devel-
oped fewer metastatic tumors on their pulmo-
nary and liver surfaces (Figure 2A, 2B, 2D, 2E).
H&E staining of the lung revealed the homology
of the B16F10 cells. The H&E staining image
with higher magnification shows the morpholo-
gy of tumor cells (Figure S2). The metastatic
and micrometastatic foci were quantified under
low-power maghnification, which indicated simi-
lar results (Figure 2C). In addition, no metastat-
ic foci were observed in the brains or kidneys of
either wild-type or SAP-Tg mice. To confirm the
effect of SAP on melanoma metastasis, we
established a metastasis model using SAP KO
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WT

Lung metastasis foci

WT

SAP-Tg

mice. Compared with WT
mice, SAP KO mice developed
more metastatic foci on the
surface of the lung (Eigure
S1B and S1C). These results
demonstrate that SAP signifi-
cantly suppresses melanoma
metastasis.

SAP decreases the concen-
tration of CCL1 secreted by
macrophages

To determine how SAP inhibits
melanoma growth and metas-
tasis, a protein CHiP array
analysis was performed to
detect changes in the levels
of inflammation-related pro-
teins in the serum of SAP-Tg
mice and WT mice with mela-
noma. Serum CCL1 levels
were decreased in the mela-
noma-bearing SAP-Tg mice
compared with the melano-
ma-bearing WT mice (Figure
3A). We also found that the
concentrations of CCL1 in
the serum of tumor-bearing
SAP-Tg mice and in melanoma
homogenates from SAP-Tg mi-
ce were lower than those in
the serum of and melanoma homogenates
from WT mice (Figure 3B). However, the serum
CCL1 concentration in the normal mice was not
affected (Figure 3B). In addition, in the mela-
noma metastasis model, the concentration of
CCL1 in serum and melanoma homogenates
from SAP-Tg mice was lower than that in
serum and melanoma homogenates from
WT mice (Figure 3C). Then, we cultured the
RAW264.7 macrophage line with the SAP pro-
tein, and the ELISA results revealed that SAP
significantly decreased the secretion of CCL1
by RAW264.7 cells compared with PBS-treated
control cells (Figure 3D). We also cultured mac-
rophages derived from WT and SAP-Tg mice
and found that the secretion of CCL1 was
lower in the macrophage culture medium
derived from SAP-Tg mice than in that derived
from WT mice (Figure 3E). These results show
that SAP inhibits the secretion of CCL1 by
macrophages.

WT  SAP-Tg

SAP-Tg
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Figure 3. SAP decreases the concentration of CCL1 secreted by macro-
phages. A. The protein CHiP array data revealed that the serum level of CCL1
was lower in the melanoma-bearing SAP-Tg mice than in melanoma-bearing
WT mice. B. Serum and melanoma homogenate levels of CCL1 in normal and
tumor-bearing WT and SAP-Tg mice. C. Serum and melanoma homogenate
levels of CCL1 in melanoma lung metastases from WT and SAP-Tg mice. D.
Compared with the control treatment, treatment with 50 ng/mL SAP for 24 h
significantly decreased the level of CCL1 in RAW264.7 cell culture medium.
E. The CCL1 concentration in the culture medium of macrophages derived
from WT and SAP-Tg mice. Data are presented as the means + SD. *P <
0.05; **P < 0.01; ***P < 0.001.
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Figure 4. Effect of CCL1 on B16F10 cell migration and invasion. B16F10 cells
were treated with CCL1, and migration and invasion assays were performed.
(A) Representative images of migratory B16F10 cells. (B) Representative im-
ages of invasive B16F10 cells. (C) CCL1 significantly increased B16F10 cell
migration in a concentration-dependent manner. (D) CCL1 significantly in-
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creased B16F10 cell invasion in
a concentration-dependent man-
ner. Scale bars, 100 ym (magni-
fication: 200x) in (A, B). Data are
presented as the means + SD.
*P < 0.05; **P < 0.01; ***P <
0.001.

CCL1 promotes the migration
and invasion of B16F10 cells

To determine whether CCL1
affects the migration and
invasion of B16F10 cells in
vitro, wound-healing and Ma-
trigel invasion assays were
performed. Compared with
PBS-treated control cells,
CCL2-stimulated cells exhi-
bited significantly increased
migratory capacity (Figure 4A,
4C). Treatment with various
concentrations of CCL1 sig-
nificantly increased the num-
ber of invading cells (Figure
4B, 4D). These results show
that CCL1 promotes B16F10
cell migration and invasion.

To further validate the func-
tional role of CCL1 in B16F10
melanoma cell metastasis,
we conducted blocking as-
says using R243, a specific
inhibitor of CCL1. As shown
in Figure S3, compared with
treatment with CCL1 alone,
cotreatment with R243 signif-
icantly decreased the migra-
tory capacity of B16F10 cells
and led to a marked reduction
in the number of invading
cells. These findings demon-
strate that CCL1 is a critical
downstream molecule res-
ponsible for the SAP-mediat-
ed suppression of melanoma
migration and invasion.

CCL1 activates the Ras/
MAPK pathway in melanoma

Previous studies have demon-
strated that CCL1 can acti-
vate the Ras/MAPK pathway
in BW5147 cells [26]. There-

Am J Cancer Res 2026;16(6):2493-2502
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Figure 5. Effect of CCL1 on the Ras/MAPK pathway. A. Western blotting of
B16F10 cells treated with different concentrations of CCL1 was performed.
B. The statistical analysis showed that CCL1 promoted Ras and p-ERK expres-
sion but not ERK expression in B16F10 cells in a concentration-dependent
manner. C. Western blotting of the homogenates of transplanted melanoma
from WT and SAP-Tg mice was performed. D. The statistical analysis revealed
that p-ERK expression was lower in SAP-Tg mice than in WT mice and that the
levels of Ras and ERK were not different between WT and SAP-Tg mice. Data
are presented as the means + SD. *P < 0.05; **P < 0.01; ***P < 0.001.

fore, we evaluated the effect of CCL1 on the
Ras/MAPK pathway in B16F10 cells. As shown
in Figure 5A and 5B, CCL1 treatment upre-
gulated the expression of Ras and phospho-
ERK in a concentration-dependent manner.
Phospho-ERK levels in the homogenates of
SAP-Tg mice with transplanted melanoma cells
were also decreased (Figure 5C, 5D), whereas
Ras expression did not significantly differ
between the tumor homogenates of SAP-Tg
and WT mice.

Discussion

In this study, we report that SAP significantly
inhibits melanoma growth and metastasis by
downregulating CCL1 expression, as deter-
mined using xenograft and metastasis mouse
models developed with B16F10 melanoma
cells. Specifically, SAP attenuated the secre-
tion of CCL1 by mouse macrophages, which
inhibited B16 cell migration and invasion.
Furthermore, the SAP-induced downregulation
of CCL1 expression inhibited the activation of
the MAPK pathway.

SAP, a member of the short pentraxin family,
plays a critical role in hepatic fibrosis, athero-
sclerosis, allergic airway disease and so forth.
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The serum concentration of
SAP in patients with breast
cancer and small cell lung
cancer is correlated with br-
east cancer and small cell
lung cancer [27, 28]. However,
the effects of SAP on melano-
ma have not been reported.
We used SAP-Tg mice to
establish a mouse model of
subcutaneously transplanted
melanoma and found that
SAP significantly inhibited me-
lanoma growth. To further
explore the effect of SAP on
melanoma metastasis, mela-
noma lung metastasis and
liver metastasis models were
established in SAP-Tg and WT
mice. SAP significantly inhibit-
ed both the lung metastasis
and liver metastasis of mela-
noma. Malignant melanoma,
which is among the most
common skin cancers and
one of the most aggressive cancers caused by
melanocytes of the skin and other organs, is
characterized by low incidence, high malignan-
cy, early metastasis and high mortality [17].
Besides early surgical resection, specific treat-
ments for malignant melanoma are lacking,
and this disease has a poor prognosis [29].
Therefore, early diagnosis and timely and rea-
sonable treatment of malignant melanoma are
extremely important. Effective drugs for the
treatment of malignant melanoma are currently
lacking. The findings of this study provide addi-
tional favorable evidence of the clinical applica-
tion of the SAP protein in the treatment of
malignant melanoma. To this end, our findings
have shown the promise of SAP as a novel ther-
apeutic drug that may benefit cancer patients
with malignant melanoma.

ERK

p-ERK

ERK

To explore how SAP suppresses melanoma
growth and metastasis, we performed protein
CHiP assays with the serum of WT and SAP-Tg
mice transplanted with melanoma cells to iden-
tify genes that are known to be associated with
inflammatory factors. We found that the serum
concentration of CCL1 in SAP-Tg mice was sig-
nificantly lower than that in WT mice. Our ELISA
results also revealed that the concentration of
CCL1 in the serum and tissue homogenates
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was lower in tumor-bearing SAP-Tg mice than in
tumor-bearing WT mice. These findings indicate
that SAP decreases the level of CCL1, which
inhibits melanoma growth and metastasis.
CCL1 promotes M2-type macrophage T helper
cell polarization in tumor tissues, thereby
establishing the immune cell microenviron-
ment and suppressing tumor progression [30].
Therefore, CCL1 secreted by tumor-infiltrating
macrophages can promote tumor progression
[31]. We also revealed that SAP inhibited the
secretion of CCL1 by macrophages, but the
mechanism by which SAP modulates macro-
phages to secrete CCL1 remains unclear. We
also revealed that CCL1 promotes melanoma
cell migration and invasion.

The results of the tumor xenograft and ELISA
experiments suggested that CCL1 is involved
in the inhibition of melanoma growth and
metastasis. CCL1 can upregulate ERK1/2
MAPK phosphorylation in lymphoma cells. We
observed that CCL1 upregulated Ras and
p-ERK in B16F10 cells in a dose-dependent
manner. Similarly, the levels of the Ras and
p-ERK proteins were dramatically decreased in
the tumor tissues of SAP-Tg mice. These find-
ings indicate that SAP downregulates macro-
phage-secreted CCL1 to inhibit the Ras/p-ERK
pathway. Although the role of the SAP-CCL1-
Ras/MAPK axis has been clarified, the up-
stream regulatory mechanisms of CCL1 secre-
tion and the direct effects of SAP on melanoma
cells remain unclear. Moreover, potential regu-
latory pathways beyond the CCL1-Ras/MAPK
cascade have not been fully investigated.
Further coculture and receptor blockade exper-
iments are needed to identify precise the
molecular targets of SAP. The incidence of mel-
anoma continues to increase among both
males and females, particularly among individ-
uals over 65 years of age [32]. Surgical resec-
tion and chemotherapy are the main treat-
ments for malignant melanoma [33, 34], and at
present, there are no effective drugs for the
treatment of melanoma. SAP may be developed
as a promising anti-malignant melanoma agent
for clinical use.

Conclusion
Taken together, the results of this study demon-

strated that SAP suppressed the growth and
metastasis of malignant melanoma in melano-
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ma xenograft and lung metastatic mouse mod-
els. The suppressive effect of SAP was achiev-
ed mainly through the suppression of CCL1
secretion by macrophages. Further study
revealed that CCL1 promoted the migration
and invasion of melanoma cells and activated
the Ras/p-ERK pathway. While more research
efforts are needed to determine the exact
molecular mechanisms associated with the
inhibitory effect of SAP on melanoma progres-
sion, SAP has shown great potential for mela-
noma treatment.
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Figure S1. SAP deficiency promotes lung metastasis and primary tumor growth of B16F10 cells. A. The length and
width of tumors from subcutaneously injected B16F10 cells were measured, and their volume was calculated. The
average tumor volume of each mouse group was plotted against time. B. Gross images of melanoma lung metasta-
sis in WT and SAP KO mice. C. Quantitative analysis of metastatic foci on the lung surface. Scale bars, 1 cm in (B).
Data are presented as the means + SD. ***P < 0.001.
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Figure S2. Representative H&E-stained sections of lung metastases from WT and SAP-Tg mice. The right panel
shows a higher magnification of the black dotted squares in left panel. Scale bars: 500 um (magnification: 40x); 50
um (maghnification: 400x).
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Figure S3. R243 reverses CCL1-induced migration and invasion in B16F10 cells. B16F10 cells were treated with
CCL1, CCL1+ R243, and then subjected to migration and invasion assays. A. Representative images of migratory
B16F10 cells. B. Representative images of invasive B16F10 cells. C. Quantification of migratory cell numbers. D.

Quantification of invasive cell numbers. Scale bars: 100 pm, magnification: 200x. Data are presented as the means
+SD. **P < 0.01; ***P < 0.001.



