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Abstract 

A traditional Chinese medicine (TCM) formula (SL) comprising Sophorae Flos and 

Lonicerae Japonicae Flos was used for treating melanoma in ancient China. We have 

previously shown that an ethanolic extract of SL (SLE) possesses anti-melanoma 

effects and suppresses STAT3 signaling in vitro and in vivo. STAT3 has been linked to 

the development of melanoma immunosuppressive microenvironment. In this work, 

we investigated whether SLE inhibits melanoma growth by reprogramming the tumor 

microenvironment in mouse and co-culture cell models. In B16F10 

melanoma-bearing mice, we found that intragastric administration of SLE (1.2 g/kg) 

dramatically inhibited tumor growth. This observation was associated with the 

downregulation of protein levels of phospho-STAT3 (Tyr 705) and STAT3-regulated 

immunosuppressive cytokines, and mRNA levels of STAT3-targeted genes involved 

in tumor growth and immune evasion. We also observed increased Th, Tc and 

dendritic cells in the melanomas and spleens in SLE-treated mice compared to that in 

control mice. In a co-culture system composed of B16F10 cells and mouse primary 
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splenic lymphocytes, it was found that SLE not only inhibited STAT3 activation in 

B16F10 cells, but also downregulated mRNA levels of STAT3-targeted genes in the 

splenic lymphocytes. In this co-culture setting, SLE decreased the levels of 

STAT3-regulated immunosuppressive cytokines, increased the percentages of Th, Tc 

and dendritic cells as well. Furthermore, effects of SLE on STAT3 phosphorylation, 

cytokine levels and immune cell subtype percentages were significantly weaker in the 

B16STAT3C cells (stable cells harboring a constitutively active STAT3 variant 

STAT3C)/splenic lymphocytes co-culture system than in the B16V cells (cells stably 

transfected with the empty vector)/splenic lymphocytes co-culture system, indicating 

that STAT3 over-activation diminishes SLE’s effects. In summary, our findings 

indicate that reprograming the immune microenvironment, partially mediated by 

inhibiting STAT3 signaling, contributes to the anti-melanoma mechanisms of SLE. 

This study provides further pharmacological groundwork for developing SLE as a 

modern agent for melanoma prevention/treatment, and supports the notion that 

reprograming immunosuppressive microenvironment is a viable anti-melanoma 

strategy. 

 

Abbrevations: SF, Sophorae Flos; LJF, Lonicerae Japonicae Flos; SLE, ethanolic 

extract of SL and LJF; STAT3, Signal transducer and activator of transcription 3; 

Treg cells, regulatory T cells; MDSCs, myeloid-derived suppressor cells; Tc cells, 

cytotoxicity T cells; NK cells, natural killer cells; Th cells, T helper cells; PBS, 

phosphate-buffered saline; CMC-Na, carboxymethyl cellulose-Na; DTIC, 

Dacarbazine; qRT-PCR, quantitative real-time polymerase chain reaction; IHC, 

immunohistochemistry.  

Keywords: Sophorae Flos; Lonicerae Japonicae Flos; melanoma; STAT3 signaling; 
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tumor microenvironment 

 

 

1. Introduction 

The microenvironment of a melanoma is composed of proliferating cancer cells, the 

stroma, infiltrating immune cells and a variety of associated tissue cells [1]. It is 

created by tumor cells and dominated by tumor cell-induced interactions. Although 

various immune effector cells are recruited to the tumor site, their anti-melanoma 

functions are downregulated, largely in response to tumor-derived signals [2]. 

Accumulating evidence indicates that cross-talk between tumor cells and immune 

cells leads to the formation of an immunosuppressive microenvironment that favors 

melanoma progression [3]. 

 Many factors are involved in the mechanisms of melanoma microenvironment 

formation. Signal transducer and activator of transcription 3 (STAT3) is an important 

molecule that mediates tumor-induced immunosuppression at many levels [4]. It is 

frequently activated in melanoma cells, where it promotes the expression of molecules 

that are immunosuppressive and can further activate STAT3. Molecules 

transcriptionally upregulated by STAT3 include interleukin-6 (IL-6), IL-10, IL-17, 

and tumor necrosis factor-α (TNF-α)[5-7]. These tumor-derived molecules can also 

upregulate STAT3 signaling in immune-cell subsets in the tumor microenvironment, 

which produces more immunosuppressive molecules, thereby generating or recruiting 

more regulatory T cells (Treg cells) and myeloid-derived suppressor cells (MDSCs), 

and abrogating the function of immune effector cells [8-10]. The ability of STAT3 to 

affect tumor immunity strongly indicates that constitutively activated STAT3 both in 

melanoma cells and in tumor-infiltrating immune cells is an attractive target for 

melanoma immunotherapy [11, 12]. Studies have shown that inhibiting STAT3 
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signaling in melanoma cells can induce tumor cell apoptosis, inhibit angiogenesis and 

remodel the tumor microenvironment [13, 14]. Blocking STAT3 in immune cells can 

generate potent anti-melanoma immunity by decreasing the number of negative 

immune regulators including Treg cells and MDSCs, and by activating effector cells 

such as cytotoxicity T cells (Tc cells), natural killer cells (NK cells) and neutrophils 

[15]. 

A TCM formula (SL) comprising Sophorae Flos (SF, the dried flower and 

flower-bud of Sophora japonica L.) and Lonicerae Japonicae Flos (LJF, the dried 

flower-bud or newly bloomed flower of Lonicera japonica Thunb.) is traditionally 

used for treating melanoma [16]. Constituents in SF and LJF, such as rutin, baicalein, 

genistein, quercetin and luteolin, have been shown to possess anti-melanoma 

properties [17, 18]. Some of these constituents have also been demonstrated to 

regulate signaling pathways that are involved in the formation of tumor 

immunosuppressive microenvironment [19-21]. Our previous studies revealed that an 

ethanolic extract of this formula (SLE for short) has anti-melanoma effects and 

suppresses STAT3 signaling in cellular and animal models [16]. In the present study, 

an allograft melanoma model was used to evaluate SLE’s effects on tumor 

progression and microenvironment. Co-culture systems were employed to further 

investigate the involvement of STAT3 signaling in SLE’s effects on the melanoma 

microenvironment. 

2. Materials and methods 

2.1 Preparation of SLE 

As described in a previous study [16], dried flowers of Sophora japonica (SF) and 

Lonicera japonica (LJF) were purchased from the Mr. & Mrs. Chan Hon Yin Chinese 

Medicine Specialty Clinic and Good Clinical Practice Centre in Hong Kong Baptist 

University. Both were authenticated by the corresponding author. Voucher specimens 
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have been deposited at the Centre for Cancer and Inflammation Research, School of 

Chinese Medicine, Hong Kong Baptist University. The method of preparing SLE is 

the same as in the previous study [16]. To control the quality of SLE, the contents of 

rutin and chlorogenic acid in it were quantified by HPLC analyses (Supplementary 

Figure 1; the same as in Reference 16). 

2.2 Animal experiments 

Male C57/BL6 mice (6 weeks old) with body weight of 20 ± 2g were obtained from 

the Laboratory Animal Services Centre, Chinese University of Hong Kong. All care 

and handling of animals were performed with the approval of the Department of 

Health, Hong Kong. Experimental procedures were approved by the Committee on 

the Use of Human & Animal Subjects of the Hong Kong Baptist University. B16F10 

cells (5×105) were resuspended in 0.1 mL of phosphate-buffered saline (PBS) and 

inoculated subcutaneously into the back of individual C57/BL6 mice. Immediately 

after cell injection, the mice were randomly divided into five groups of five each. 

They were then intragastrically administered with 0.5% carboxymethyl cellulose-Na 

(CMC-Na) (vehicle control), different doses of SLE (0.6 g/kg, 1.2 g/kg, 2.4 g/kg) or 

intraperitoneally injected with Dacarbazine (DTIC, 50 mg/kg) (positive control) once 

per day for 14 consecutive days. To monitor the toxicity of SLE, general clinical 

observations were made once a day. Changes in skin, fur, eyes, mucous membranes, 

occurrence of secretions and excretions and autonomic activity (e.g., lacrimation, 

piloerection, pupil size, unusual respiratory pattern) were recorded. Changes in gait, 

posture and response to handling as well as the presence of colonic or tonic 

movements, stereotypes (e.g., excessive grooming, repetitive circling) or bizarre 

behavior (e.g., self-mutilation, walking backwards) were also recorded. Body weight 

of each mouse was measured 3, 6, 10 and 14 days after cell injection. Tumor volumes 

were determined using a vernier caliper 6, 8, 11 and 14 days after cell injection. At the 
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end of the experimental period, all mice were executed using excessive anesthesia, the 

tumor of each mouse was dissected and weighed. Vascular growth on tumor sites was 

photographed. Gross necropsy was performed for all the dissected organs and tissues. 

Immunosuppressive cytokines were measured by ELISA assays. Proteins from tumor 

tissues were extracted with RIPA lysis buffer and examined by Western blot analyses. 

RNA levels were measured by the quantitative real-time polymerase chain reaction 

(qRT-PCR). A part of each tumor was used for immunohistochemistry (IHC) staining. 

2.3 IHC staining 

Melanoma tissues were fixed in 4% paraformaldehyde overnight at 4°C, followed by 

cryoprotection in 30% sucrose overnight, and finally snap-freezing. All samples were 

sectioned at the thickness of 6 μm. All slides were incubated with primary antibodies 

at 4°C overnight, and then incubated with secondary antibodies for 2 h at room 

temperature. Primary antibodies used in this study were Ki-67 (#12202; CST), 

Cleaved capase-3 (#9579; CST) and CD31 (#77699; CST). Secondary antibodies 

were used for indirect fluorescence staining. Nucleus staining was performed with 

Hoechst staining. Cryosection imaging was performed using the AxioImager Z.1 

microscope (Zeiss) and Volocity software [22]. 

2.4 TUNEL staining 

TUNEL assays were performed using the ApopTag Peroxidase in Situ Apoptosis 

Detection Kit (Millipore, Temecula, CA) following the manufacturer’s protocol with 

slight modification [23]. Briefly, melanoma samples from different groups were 

sectioned at the thickness of 4 mm. The slides were incubated at 60°C for 1 h, cleaned 

in three changes of xylene and rehydrated through graded alcohols. Sections were 

pretreated in 10 mM glycine, pH 3, in a pressure cooker at 15 psi for 1 min. The 

pressure cooker was then depressurized rapidly and the sections transferred 

immediately into deionized water for cooling. The sections were quenched with 3% 
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hydrogen peroxide for 5 min, then washed and placed in deionized water overnight at 

4°C. The instructions in the kit were followed from this point forward. The TUNEL 

assays were quantified by counting the DAPI and TUNEL‐positive cells in five 

individual fields via fluorescence microscopy respectively. The apoptotic rate was 

calculated by dividing the average number of TUNEL‐positive cells by that of the 

DAPI‐positive cells in one field. The assay was repeated three times. 

2.5 Cell stable transfection 

The murine melanoma B16 cell line was obtained from American Type Culture 

Collection (ATCC, USA). The B16 cells were transfected with pcDNA3-STAT3C 

plasmid (B16STAT3C, in which STAT3 is constantly active) or empty vector (B16V, 

serves as a control) using Lipofectamine 2000 (Life Technologies, Inc., Rockville, 

MD) following the manufacturer’s instructions [24]. Seventy-two hours after 

transfection, cells were selected with G418 (1 mg/mL) in DMEM with 10% FBS for 

14 days. G418-resistant colonies were pooled and regarded as STAT3C-expressing 

stable cells [16]. 

2.6 Cell culture 

The B16F10 cell line was obtained from American Type Culture Collection (ATCC, 

USA). B16F10 and the above established B16V and B16STAT3C stable cells were 

maintained at 37°C in a humidified atmosphere of 5% CO2 in high glucose 

Dulbecco’s modified Eagle’s medium (DMEM, GIBCO, USA), supplemented with 

10% fetal bovine serum (FBS, GIBCO, USA) and 1% penicillin/streptomycin (P/S, 

GIBCO, USA). Splenic lymphocytes were fractionated from mouse spleens as 

described [25], and were maintained at 37°C in a humidified atmosphere of 5% CO2 

in Roswell Park Memorial Institute (RPMI) 1640 medium (GIBCO, USA), 

supplemented with 10% fetal bovine serum (FBS, GIBCO, USA) and 1% 

penicillin/streptomycin (P/S, GIBCO, USA). 
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2.7 Co-culture of melanoma cells and splenic lymphocytes 

B16F10, B16V, B16STAT3C cells were separately cultured with splenic lymphocytes 

using a direct co-culture system which can let the two cell types make adequate 

contact with each other and mimic the body tissue environment [26]. According to 

others’ studies, a proportion of 5:1 of splenic lymphocytes (1×107) and cancer cells 

(2×106) is the best combination [27]. In this study, the duration of co-culture was 24 h, 

because we found that some splenic lymphocytes died after 24 h. 

2.8 ELISA assay 

Melanomas from mice were homogenated with PBS. Each homogenate was 

centrifuged at 10,000 g at 4°C for 15 min. The supernatant was collected for ELISA 

assays [28]. The amounts of IL-6, IL-10, IL-17 and TNF-α in the melanomas were 

measured by respective ELISA kits (Thermo Fisher Scientific) following the 

manufacturer’s protocols. Production of these cytokines in supernatant of the 

co-culture system comprising melanoma cells and splenic lymphocytes were also 

measured using respective ELISA kits. 

2.9 Western blot analysis 

Lysates were prepared from cultured cells and melanoma tissues. Standard Western 

blot assays were performed as previously described [29]. Immunoreactive bands were 

visualized using the Enhanced Chemiluminescence (ECL) detection system 

(Invitrogen, Carlsbad, CA, USA). Grey value of each band was measured by the 

ImageJ software. Relative protein level was normalized to the endogenous control 

GAPDH or STAT3 (for phospho-STAT3). All uncropped images of original Western 

blots can be found in Supplementary materials. 

2.10 Flow cytometric analyses of immune cells 

A total of 5×105 splenic lymphocytes from mouse spleens or the co-culture systems, 

or 5×105 cells from melanoma tissues were harvested for each detection. The cells 
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were resuspended in 300 μL of PBS. Helper T cells (Th cells, CD3+/CD4+) and Tc 

cells (CD3+/CD8+) were examined by using 15 μL of antibodies against CD3/4/8 

(PerCP-conjugated anti-CD3, PE-conjugated anti-CD4, FITC-conjugated anti-CD8; 

BD Biosciences, USA). Dendritic cells (DCs, CD11c+/CD86+) were detected by 

using 5 μL anti-CD11c antibody (PE-conjugated anti-CD11c; BD Biosciences, USA) 

and 5 μL anti-CD86 antibody (FITC-conjugated anti-CD86; BD Biosciences, USA). 

NK cells (CD16+/CD56+) were tested by using 2.5 μL anti-CD16 antibody 

(PE-conjugated anti-CD16; BD Biosciences, USA) and 2.5 μL anti-CD56 antibody 

(FITC-conjugated anti-CD56; BD Biosciences, USA). MDSCs (CD11b+/Gr-1+) were 

detected by using 2.5 μL anti-CD11b antibody (Alexa Fluor 700-conjugated 

anti-CD11b; BD Biosciences, USA) and 2.5 μL anti-Gr-1 antibody (Alexa Fluor 

488-conjugated anti-Gr-1; BD Biosciences, USA). Regulatory Treg cells 

(CD4+/CD25+/Foxp3+) were measured by using 2.5 μL anti-CD4 antibody (Alexa 

Fluor 488-conjugated anti-CD4; BD Biosciences, USA), 2.5 μL anti-CD25 antibody 

(PE-conjugated anti-Gr-1; BD Biosciences, USA), and 2.5 μL anti-Foxp3 antibody 

(Alexa Fluor 700-conjugated anti-Foxp3; BD Biosciences, USA). Then cells were 

placed in the dark for 30 min at 4°C and washed twice with PBS. Detection of cellular 

fluorescence intensity was conducted using a C6 flow cytometer (BD Biosciences, 

USA) and the CellQuest software (BD Biosciences, USA) [30]. Unstained and 

single-stained cells were used to set the gate which is divided into four quadrants. 

Y-axis positive cells are in the upper left quadrant; x-axis positive cells are in the 

lower left quadrant; double negative cells are in the lower left quadrant; and double 

positive goal cells are in the upper right quadrant. 

2.11 qRT-PCR analysis 

Total RNA was extracted from cultured cells or melanoma tissues with Trizol reagent 

(Invitrogen, USA) and reverse-transcribed into cDNA using the PrimeScriptTM RT 
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reagent Kit (Takara, Japan). qRT-PCR analysis was performed in triplicate using 

iTaq™ Universal SYBR Green Supermix (Bio-Rad, USA) with a ViiA 7 Real Time 

PCR System (Applied Biosystems, USA). Quantification analysis was performed by 

the comparative CT method [31]. The primers used were all synthesized by Invitrogen. 

Sequences of primers are listed in Supplementary Table 1.  

2.12 Crystal violet staining 

The crystal violet staining assay [32] was employed to visualize the effects of SLE on 

the proliferation of B16STAT3C and B16V cells. Cells (1×106 cell/well) seeded in 6-well 

plates were treated with SLE at various concentrations (0, 100, 200, 300 μg/mL) and 

stattic (a STAT3 inhibitor at Tyr705 phosphorylation site, positive control) for 24 h. 

Treated cells were fixed with 10% formalin for 5 min, followed by staining with 

0.05% crystal violet solution in distilled water for 30 min. Cells were then washed and 

photographed. 

2.13 Statistical analysis 

All data were expressed as mean ± standard deviation. Statistical analysis was 

performed by one-way ANOVA followed by Dunnett’s multiple comparisons using 

the statistical software Graphpad Prism 5.0 (GraphPad Software, San Diego, CA, 

USA). P < 0.05 was considered statistically significant. 

3. Results 

3.1 SLE inhibited B16F10 melanoma growth in mice 

In a previous study, we found that SLE significantly inhibited melanoma growth at the 

clinical equivalent dose of 1.2 g/kg. To determine whether SLE has dose-dependent 

effects, 0.6, 1.2 and 2.4 g/kg of SLE were intragastrically administered to mice 

bearing B16F10 melanomas. Simultaneously, the anti-melanoma effect of SLE was 

compared with that of DTIC (50 mg/kg), a first-line drug for metastatic melanoma. As 
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shown in Figure 1A, daily administration of different doses of SLE or DTIC for 14 

days inhibited melanoma growth in mice. SLE at 1.2 g/kg exhibited the strongest 

anti-melanoma effects. After 14 days’ intervention, the average tumor volume and 

tumor weight in SLE (1.2 g/kg) group were 52.8% (Figure 1B) and 58.9% (Figure 

1A), respectively, of that of the control group. No animal death, abnormalities at 

necropsy and clinical signs, nor significant differences in food and water 

consumptions were observed during daily toxicity monitoring. Body weight results 

showed that DTIC caused significant weight loss in mice; while SLE had no obvious 

influence on body weight (Figure 1C).  

The inhibitory effects of SLE on melanoma growth were evidenced by 

suppressing cell proliferation and inducing cell apoptosis. Ki-67 protein, which is 

expressed during active phases of cell cycle (G1, S, G2 and mitosis) but is absent in 

G0 phase, is a cellular marker for proliferation. As shown in Figure 1E, the 

percentages of Ki-67 positive cells in B16F10 melanomas dissected from mice treated 

with 0.6 g/kg SLE (27.6%), 1.2 g/kg SLE (18.4%, P < 0.01), 2.4 g/kg SLE (23.7%), 

or DTIC (22.1%, P < 0.05) were all lower than that in melanomas from control mice 

(31.0%).  

TUNEL assay is a common method for detecting DNA fragmentation resulting 

from apoptotic signaling cascades. To investigate whether SLE induces cell apoptosis 

in vivo, TUNEL assays were performed. As shown in Figure 1D, more apoptotic cells 

were found in melanoma tissues from mice receiving 0.6 g/kg SLE (4.1%), 1.2 g/kg 

SLE (5.7%, P < 0.01), 2.4 g/kg SLE (4.6%, P < 0.05), or DTIC (4.3%, P < 0.05) than 

in melanomas from control mice (2.7%). Administration of SLE (1.2 g/kg) or DTIC 

also significantly elevated the level of cleaved-caspase 3 (an apoptotic marker) in 

melanoma tissues (Figure 1F).  
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3.2 SLE suppressed B16F10 melanoma angiogenesis  

Angiogenesis plays a critical role in melanoma development and progression. By 

comparing the tumor vascular profiles of mice receiving different treatments, we 

found that both SLE and DTIC visibly inhibited intradermal melanoma angiogenesis 

(Figure 1G). To verify the anti-angiogenic activity of SLE, melanoma tissue sections 

were immunostained with a CD31 (an endothelial cell maker) antibody. As shown in 

Figure 1H, fewer CD31-positive microvessels were observed in melanomas of mice 

treated with 0.6 g/kg SLE (56.7, P < 0.01), 1.2 g/kg SLE (48.5, P < 0.01), 2.4 g/kg 

SLE (64, P < 0.05) and DTIC (53, P < 0.01), than in melanomas from control mice 

(91.3). 

The above data together indicates that SLE at the bioequivalent dose (1.2 g/kg) 

exerted significant in vivo anti-melanoma effects. Therefore, in subsequent ex vivo 

assays, of the three SLE groups, only the 1.2 g/kg group was examined. 

3.3 SLE inhibited STAT3 signaling in B16F10 melanoma tissues 

Protein levels of phospho-STAT3 (Tyr 705) and STAT3 in melanoma tissues were 

detected by Western blot assays. SLE (1.2 g/kg) markedly reduced the protein level of 

phospho-STAT3 compared to the control, while scarcely any reduction was observed 

in the DTIC group (Figure 2A). 

ELISA assays were used to measure levels of STAT3-regulated 

immunosuppressive cytokines, including IL-6, IL-10, IL-17 and TNF-α in melanoma 

microenvironment. As shown in Figure 3A, compared to the control, SLE (1.2 g/kg) 

dramatically decreased the levels of IL-6, IL-10, IL-17 and TNF-α in melanoma 

homogenates. DTIC also lowered the levels of these cytokines. 

qRT-PCR assays were used to measure mRNA levels of STAT3 target genes in 

the B16F10 melanomas. Cyclin D1, Cyclin D2, Survivin, MCL1, and Bcl-xL are 

related to tumor cell proliferation/survival; VEGF, HGF, bFGF are relevant to tumor 
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angiogenesis; and IL-6, IL-10, IL-17, TNF-α are involved in tumor immune evasion. 

They all are transcriptionally regulated by STAT3. As shown in Figure 2B, SLE (1.2 

g/kg) obviously reduced mRNA levels of all the mentioned STAT3 target genes, 

compared to the control. DTIC also downregulated mRNA levels of some genes: 

Cyclin D1, Cyclin D2, Survivin and TNF-α, but showed no significant influence on 

others. These findings are consistent with our results observed in staining (Figures 1 

D, E, F, H) and ELISA assays (Figure 3A). 

3.4 SLE increased percentages of Th, Tc and dendritic cells in B16F10 melanoma 

tissues and mouse spleens 

Melanoma onset and progression trigger an immune response of the body defense 

system, recruiting immune cells to tumor sites. The tumor-infiltrating DCs and 

effector lymphocytes attack melanoma cells. To determine the influence of SLE on 

the numbers of these tumor-infiltrating immune cells, flow cytometric analyses were 

employed. As shown in Figures 3B, C, SLE (1.2 g/kg) significantly increased 

percentages of Th cells, Tc cells and DCs in both mouse melanomas and spleens 

compared to the control, while DTIC slightly reduced percentages of these subgroups 

in melanoma tissues and had no obvious influence on that in spleens. These findings 

suggest that SLE (1.2 g/kg) enhances the recruitment of DCs, Th cells and Tc cells to 

melanoma tissues in mice.  

Results of the above animal experiments suggest that inhibiting STAT3 signaling 

is involved in SLE’s effects on tumor progression and immunosuppressive 

microenvironment. 

3.5 SLE reprogramed the microenvironment in a cell co-culture system 

Our published data showed that SLE at the concentration of 300 μg/mL inhibits 

B16F10 cell proliferation [16]. Here we found that SLE at this concentration exerted 
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no obvious cytotoxicity in splenic lymphocytes (Supplementary Figure 2). SLE at 

300 μg/mL inhibited phosphorylation/activation of STAT3 in both B16F10 melanoma 

cells [16] and splenic lymphocytes (Supplementary Figure 3). A co-culture system, 

consisting of B16F10 cells and mouse splenic lymphocytes, was established to 

replicate the in vivo tumor microenvironment. The co-cultured cells were incubated 

with 300 μg/mL of SLE for 24 h, and then floating splenic lymphocytes were 

harvested by centrifugation. Western blot assays showed that protein levels of 

phospho-STAT3 were dramatically elevated in B16F10 cells collected from the 

co-culture system, compared to that in mono-cultured B16F10 cells. These suggest 

that the co-cultured splenic lymphocytes enhanced STAT3 activation in the B16F10 

cells. SLE inhibited STAT3 phosphorylation/activation in both mono-cultured and 

co-cultured B16F10 cells (Figure 4C). qRT-PCR analyses showed that mRNA levels 

of STAT3 transcriptionally-regulated genes including IL-6, IL-10, IL-17 and TNF-α 

were higher in co-cultured splenic lymphocytes than in mono-cultured splenic 

lymphocytes. SLE significantly downregulated mRNA levels of these genes in both 

mono-cultured and co-cultured splenic lymphocytes (Figure 4D). The supernatant 

was collected to measure the secretion of STAT3-regulated immunosuppressive 

cytokines: IL-6, IL-10, IL-17 and TNF-α using ELISA kits. As shown in Figure 4A, 

levels of these cytokines were all lowered dramatically by SLE in the co-culture 

system. Together, STAT3 signaling is hyperactivated in both cancer cells and splenic 

lymphocytes in the co-culture setting; and SLE suppresses the hyperactivation. Flow 

cytometric analyses showed that SLE significantly increased the percentages of Th 

cells, Tc cells and DCs in splenic lymphocytes collected from the co-culture system 

(Figure 4B). These findings indicate that SLE reprograms cell culture 

microenvironment and inhibits STAT3 signaling in the co-culture system. 

3.6 Over-activation of STAT3 diminished SLE’s effects on cell culture 
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microenvironment  

To determine the role of STAT3 inhibition in SLE’s effects on melanoma 

immunosuppressive microenvironment, we over-activated STAT3 in melanoma cells. 

For this purpose, B16 cells were stably transfected with a plasmid containing STAT3C, 

a variant of STAT3 that is persistently activated, or an empty vector. Western blot 

results showed that transfection with STAT3C caused a remarkable elevation in total 

STAT3 and phospho-STAT3 protein levels, compared to transfection with the empty 

vector (Figure 5A), indicating successful establishment of the stable B16V and 

B16STAT3C cells. 

Crystal violet staining and Western blot assays showed that overexpressing 

STAT3C remarkably attenuated the inhibitory effects of SLE on cell proliferation and 

STAT3 phosphorylation in B16 cells (Figures 5B, C). SLE at the concentration of 300 

μg/mL exerted the most potent inhibitory effects on B16 cell proliferation (Figure 

5B), so we used this concentration of SLE in the following co-culture experiments. In 

co-cultured B16 cells and splenic lymphocytes, STAT3 over-activation diminished 

SLE’s inhibitory effects on STAT3 phosphorylation in cancer cells (Figure 5D). 

ELISA analyses of the supernatant collected from the co-culture system showed that 

STAT3 over-activation diminished SLE’s effects in lowering the levels of IL-6, IL-10, 

IL-17 and TNF-α (Figure 6A). As shown in Figure 6B, flow cytometric analyses 

showed that over-activation of STAT3 attenuated the effects of SLE in increasing 

percentages of Th, Tc, NK, dendritic cells, and decreasing percentages of MDSCs and 

Treg cells. Together, these data indicate that over-activation of STAT3 diminishes the 

effects of SLE on cell culture microenvironment. 

4. Discussions 

Advanced melanoma is hard to treat. Available chemotherapeutics for melanoma have 

various limitations such as low response rate, drug tolerance, high price and systemic 
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toxicities [33]. Although targeted therapies and immunotherapies are showing exciting 

clinical results, the 5-year survival rate for patients with distant metastatic melanoma 

is merely 20% [34]. Novel targeted therapeutic drugs are urgently needed. TCM has 

been recognized as an alternative approach for cancer management [35]. In a TCM 

classic Yi Xue Qi Meng，written 600 years ago, a herbal formula comprising SF and 

LJF was documented to be effective in managing TCM symptoms that resemble 

melanoma. It was recorded that the formula SL (SF and LJF at a 5:1 ratio) is decocted 

with rice wine (30% alcohol). In this study, we prepared the extract of SL with 30% 

ethanol. SLE exerted potent prophylactic effects on melanoma growth in B16F10 

melanoma-bearing mice, suggesting that SLE is an option for melanoma management. 

SLE, at the dose of 1.2 g/kg, exhibited comparable anti-melanoma effects to a 

melanoma first-line drug DTIC (50 mg/kg). DTIC caused significant weight loss in 

mice; while SLE had no obvious influence on body weight. No abnormalities in 

clinical signs and gross pathology were observed in SLE-treated mice (data not 

shown). These findings suggest that SLE is relatively safe in managing melanoma.  

STAT3 is aberrantly activated (tyrosine phosphorylation) in most malignancies 

[36]. Its activation plays an important role in the formation of tumor 

immunosuppressive microenvironment [37, 38]. Constitutively activated STAT3 

inhibits the expression of molecules necessary for immune activation, and promotes 

the production of immunosuppressive factors that activate STAT3 in diverse 

immune-cell subsets, altering the expression of STAT3 target genes and, thereby, 

restraining anti-tumor immune responses [39]. Inactivation of STAT3 revealed an 

anti-tumor response, in which the immunosuppressive microenvironment is 

remodeled, resulting in the suppression of tumor growth in multiple syngeneic tumor 

models [40]. Therefore, inhibiting STAT3 signaling has become an attractive strategy 

for modulating tumor microenvironment and for treating melanoma [41, 42]. Our 
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animal experiments demonstrated that SLE exerted anti-melanoma effects, inhibited 

STAT3 activation, and reprogramed tumor microenvironment in B16F10 tumors. In 

vitro results indicated that inhibiting STAT3 signaling is responsible, at least in part, 

for the effects of SLE in reprograming melanoma microenvironment and in inhibiting 

melanoma growth. These findings support the notion that targeting STAT3 signaling 

to remodel immune microenvironment is a viable strategy for melanoma management. 

Besides melanoma, activation of STAT3 is found in many other malignancies [43, 44]. 

We speculate that SLE can be used to treat other cancers. 

Phytochemicals occurring in SF and LJF have been shown to regulate signaling 

pathways involved in the formation of tumor immunosuppressive microenvironment. 

For example, baicalein, genistein, luteolin, and quercetin suppress NF-κB signaling; 

quercetin and genistein enhance p53 signaling; genistein, kaempferol, luteolin, and 

quercetin inhibit VEGF signaling [19-21]. It is warranted to investigate the 

involvement of these pathways in SLE’s effects on melanoma microenvironment. 

To control the quality of SLE, we have quantified the contents of rutin and 

chlorogenic acid using HPLC analyses (Supplementary Figure 1). In addition, using 

LC-MS analyses, we have identified 20 more components in the extract (data not 

shown). Further studies are needed to determine which component(s) is/are 

responsible for and whether these components produce synergism in inhibiting 

melanoma.According to the record in Yi Xue Qi Meng, the clinical dose of SL formula 

is about 100 g (SF and LJF in a 5:1 ratio) per day per person. This dosage is 

equivalent to 1.2 g/kg/d of SLE in mice. Our data showed that among the three tested 

doses, SLE at the bioequivalent dose exerted the most potent anti-melanoma effects in 

mice. This provides modern scientific evidence for the rational dose setting of the 

formula SL in ancient China. 

5. Conclusions 
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In summary, we demonstrated that reprograming immune microenvironment, partially 

mediated by inhibiting STAT3 signaling, contributes to the anti-melanoma 

mechanisms of SLE. These findings provide further pharmacological groundwork for 

developing SLE as a modern agent for melanoma prevention/treatment, and provide 

further justifications for the traditional use the formula SL in treating melanoma. 

Moreover, this study supports the notion that reprograming immunosuppressive 

microenvironment is a viable anti-melanoma strategy.  
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Figure legends 

Figure 1: SLE inhibited B16F10 melanoma growth. Mice were administered with 0.5% 

Carboxymethyl cellulose-Na (CMC-Na) (vehicle control), different doses of SLE (0.6, 

1.2, 2.4 g/kg) or Dacarbazine (DTIC) (positve control) for 14 days. (A) Photo of 

B16F10 tumors dissected from mice, and mean weights of the dissected tumors. (B) 

Time-dependent effect of SLE on the B16F10 melanoma growth. (C) Body weights at 

different time points. (D) TUNEL staining of melanoma tissues. The small images 

(200 magnification) were magnified from the areas encircled in red squares from the 

corresponding large-scale images (20 magnification). Relative TUNEL positive cells 

were analyzed by the Image J software. IHC staining of (E) Ki-67, (F) 

cleaved-caspase 3, (H) CD31 in melanoma tissues. Representative B16F10 melanoma 

sections from mice with different treatments were respectively immunostained with 

Ki-67, cleaved-caspase 3, CD31. Relative positive rate was analyzed by the Image J 

software. (G) Photos of vascular growth in tumor sites. Data are presented as mean± 

SD of 5 mice.*P<0.05, **P<0.01 versus vehicle control group.  
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Figure 2: SLE inhibited STAT3 signaling in B16F10 melanomas. Melanomas were 

collected from mice treated with vehicle control, SLE (1.2 g/kg) or DTIC. (A) Protein 

levels of STAT3, phospho-STAT3 (Tyr 705) in melanomas were determined by 

Western blotting. GAPDH served as a loading control. Representative bands from 

each group were presented, and the relative band intensity was analyzed by the Image 

J software. (B) mRNA levels of STAT3 target genes, Cyclin D1, Cyclin D2, Survivin, 

MCL1, Bcl-xL, VEGF, HGF, bFGF, IL-6, IL-10, IL-17 and TNF-α, were examined by 

qRT-PCR. Data are presented as mean± SD of 5 mice. *P<0.05, **P<0.01 versus 

vehicle control group. 
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Figure 3: SLE reprogramed tumor microenvironment in B16F10 tumor tissues. 

Tumor tissues were collected from mice treated with vehicle control, SLE (1.2 g/kg) 

or DTIC. (A) Levels of IL-6, IL-10, IL-17, TNF-α in B16F10 melanomas were 

examined by the ELISA assay. Percentages of tumor-infiltrating Th, Tc, dentritic cells 

in (B) melanomas and (C) spleens were detected by flow cytometry. Representative 

results from each group were shown, data are presented as mean± SD of 5 mice. 

*P<0.05, **P<0.01 versus vehicle control group. 
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Figure 4: SLE reprogramed cell–culture microenvironment and inhibited STAT3 

signaling in a co-culture system. A co-culture system comprising B16F10 melanoma 

cells and splenic lymphocytes was used to replicate tumor microenvironment. After 

treated with SLE (300 μg/mL) for 24 h, the two kinds of cells were separated. (A) 

Levels of IL-6, IL-10, IL-17 and TNF-α in supernatant collected from the co-culture 

system were examined by ELISA assays. (B) Percentages of Th, Tc, dentritic cells in 

splenic lymphocytes were detected by flow cytometry. (C) Protein levels of STAT3, 

phospho-STAT3 (Tyr 705) in B16F10 cells were detected by Western blotting. 

GAPDH served as a loading control. Representative bands from each group were 

presented, and the relative band intensity was analyzed by the Image J software. (D) 

mRNA levels of STAT3 transcriptionally-regulated genes, IL-6, IL-10, IL-17 and 

TNF-α, in splenic lymphocytes were examined by qRT-PCR. Data presented in bar 

charts are mean± SD of three independent experiments. *P<0.05, **P<0.01 versus 

vehicle control group. 
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Figure 5: Over-activation of STAT3 in B16 cells diminished the effects of SLE on 

cell proliferation and STAT3 signaling. (A) Protein levels of STAT3, phospho-STAT3 

(Tyr 705), and Flag in B16 cells stably expressing Flag-tagged STAT3C or empty 

vector (pcDNA3) were detected by Western blot assays. (B) Cell proliferation rate 

was examined by crystal violet staining. Representative photographs of viable cells 

and quantification of inhibition rate were shown. (C) Protein levels of STAT3, 

phospho-STAT3 (Tyr 705) in B16 cells treated with vehicle, SLE (100, 200, 300 

μg/mL) or Stattic (positive control) were detected by Western blot assays. The results 

were displayed as inhibition rate of STAT3. (D) Effects of SLE on protein levels of 

STAT3, phospho-STAT3 (Tyr 705) in mono-cultured and co-cultured B16 cells were 

examined by Western blot assays. GAPDH served as a loading control. Representative 

bands from three independent experiments were presented, and the relative band 

intensity was analyzed by the Image J software. *P<0.05, **P<0.01, ##P<0.01.  
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Figure 6: Over-activation of STAT3 in B16 cells diminished the effects of SLE on 

cell-culture microenvironment. B16 cells were co-cultured with splenic lymphocytes. 

After treated with SLE (300 μg/mL) for 24 h, splenic lymphocytes were separated. (A) 

Levels of IL-6, IL-10, IL-17 and TNF-α in supernatant collected from co-culture 

systems were examined by ELISA assays. (B) Percentages of Th, Tc, NK, dentritic 

cells, Tregs and MDSCs in splenic lymphocytes were detected by flow cytometry. 

Representative results of three independent experiments were shown, data are 

presented as mean± SD. *P<0.05, **P<0.01, ##P<0.01. 
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