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Introduction 

 Malignant Melanoma

 originates from melanocytes

 has

 prevalence  

a high degree of malignancy

Poor prognosis

Easily spreads

Most common in Caucasian people

The incidence has increased in recent years among Asians 

Mainly affects young and middle-ages (57)

The incidence increases linearly between the ages of 25 and 50 and then 

decreases
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Introduction 

 Treatment 

 Most common treatment

 Targeted therapy and immutherapy

Surgical resection Early stage of local malignancy

Main treatments for metastatic melanoma

disadvantage

Applied in a narrow popuation

Are expensive 

Require a high medical level
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Introduction 

 P-coumaric acid (4-hydroxycinamic acid) 

 is a phenolic acid 

 widely found in

 effects 

non-toxic to mice

mushrooms

Grains (corn, rice, oats, and wheat)

Fruits( apples, pears, and grapes)

Vegetables( carrots, potatoes, beans, onions, and tomatoes)

Anti-inflammatory 

anti-oxidant 

Anti-cancer

Anti-diabetic 

Anti-platelet aggregation

Inhibit the proliferation and migration

Can also promote apoptosis 
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Materials and methods 
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Cell lines and cell culture

 Mouse melanoma B16 cells and human melanoma A375 cells were cultured in a sterile cell 
culture chamber at 37℃ with 95% air and 5% 𝐶𝑂2 with saturated humidity.

 B16 cell were cultured in 1,640 medium supplemented with 10% FBS and 1% 
streptomycin solution.

 A375 cells were cultured in DMEM high glucose medium supplemented with 10% FBS, 
1% streptomycin solution, and 1% sodium pyruvate. 

 The normal human keratinocyte cell line HaCaT cells were cultured in a DMEM high 
glucose medium supplemented with 10% FBS and 1% streptomycin solution.

8



CCK-8 Assay

 Well-grown A375 cells, B16 cells and HaCaT cells were digested with 0.25% trypsin and 

collected by centrifugation at 800 × g for 3 min. 

 Cells plated in a 96-well plate.

 The cells were cultured for 24h, and the medium was replaced with 200 μl complete 

medium containing p-CA.

 The complete medium containing 1% DMSO was used as the control group.

 Cells incubated for an additional 24 or 48h, and 10μl CCK-8 solution was added to each 

well for 2h. 

 The absorbance of each well at 450 nm was measured by a multi-plate reader.
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Colony Formation Assay

 A375 and B16 cells were centrifuged at 800 × g for 3 min.

 Cells were plated in a 6-well plate (250 cells/well).

 The cells were cultured for 1 days, and the medium was replaced with 3ml complete 

medium containing p-CA .

 Cells were incubated for 48h, and the medium were refreshed.

 After 14 days, the culture medium was discarded, and the cells were washed twice with 

PBS.

 Cells were fixed with 4% paraformaldehyde for 15 min, stained with 1% crystal violet for 

10 min, washed three times with PBS, and dried at room temperature. 

 Images were taken to observe the colony formation.
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Hoechst 33,258 staining 

 The cells were digested with 0.25% trypsin and centrifuged at 800 × g for 3 min.

 Cells were plated in a 6-well plate.

 The cells were cultured for 24h, and the medium was replaced with 3 ml complete medium 
containing p-CA.

 Cells were incubated for 48h and washed twice with PBS.

 Fixation solution (500 μl of methanol: acetic acid = 3:1) was added to each well for 10
min.

 Cells were washed twice with PBS, and Hoechst 33,258 staining solution (0.5ml) was 
added to each well for 5 min.

 Cells were washed three times with PBS. 

 Nuclear morphology was observed under an inverted fluorescence microscope.
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Annexin V-FITC/PI Flow Cytometry for 

Apoptosis Detecteion

 Cells were digested with 0.25% trypsin and centrifuged at 800 × g for 3 min.

 Cells were inoculated in a petri dish.

 The cells were cultured for 24h, and the medium containing p-CA.

 The cells were incubated for 48h, trypsinized, and centrifuged at 2000 × g for 3 min at 4℃.

 The cells were resuspended in pre-cooled PBS and centrifuged again at 2000 × g for 3 min 
at 4℃.
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Cell Cycle Detection

 The cells were inoculated in a 6-well plate at a suitable concentration and cultured in a 5% 𝐶𝑂2
incubator at 37℃ for 24h.

 The medium was replaced with complete medium containing p-CA.

 The cells were incubated for 48h.

 The cells were digested with 0.25% trypsin, centrifuged at 800 × g for 3 min at 4℃ , 
resuspended in PBS, and centrifuged again.

 The cell pellet was resuspended in fixation solution(70% pre-cooled ethanol) and incubated at 
4℃ overnight.

 The cells were centrifuged, RNase A solution was added to cells, and cells were resuspended and 
incubated in a water bath at 37℃ for 30min. 

 PI staining solution was added at 4℃ for 30min, and the cell cycle distribution was analyzed by 
flow cytometry.
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Western Blot Analysis

 Cells were treated with p-CA for 24h.

 The cells were collected in lysis buffer and incubated on ice for 30min.

 The cells were mixed every 10min.

 The cells were centrifuged at 12000 × g at 4℃ for 10min.

 The supernatant was collected, and the protein concentration was determined.

 Equal amounts of protein (40μg/slot) were subjected to 10-12% SDS-PAGE.

 Proteins were transferred to a PVDF membrane, which was incubated with 5% milk 

blocking solution for 2h, followed by incubation with the following primary antibodies.

 The membranes were washed with TBST buffer for 45 min and then probed with 

appropriate horseradish peroxidase-conjugated secondary antibodies for1h.

14



Results
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p-CA Inhibits proliferation and Colony 

Formation in A375 and B15 Cells.

 Used the CCK-8 assay to examine the effects of p-CA on the cell proliferation capacity.

 p-CA significantly inhibited the proliferation of A375 and B16 cells.

 The 𝐼𝐶50 value of p-CA on A375 cells for 24h treatment 4.4mM, and the 𝐼𝐶50 value of p-CA for 
48h treatment was 2.5mM.

 p-CA concentrations of 1.5, 2.5, and 3.5 Mm.

 The 𝐼𝐶50 value of p-CA on B16 cells was 4.1mM for 24-h treatment and 28mM for 48-h
treatment p-CA concentrations of 2.0, 3.0, and 4.0 Mm 
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p-CA inhibits proliferation and colony formation of A375 and B16 cells. 
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p-CA significantly inhibited the

proliferation of HaCaT cells at the

concentration of 3.0-5.0 mM after 24-h

treatment.

The cytotoxicity of p-CA to HaCaT cells

was significantly lower than that to A375

cells.

With increasing p-CA concentrations,

compared with the control group, the

number of A375 and B16 cells decrease,

the morphology changed, intercellular

contact disappeared, and more cells

detached.

That p-CA could inhibit the colony

formation of A375 and B16 cells.
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p-CA Causes A375 and B16 Cell Cycle Arrest

Used flow cytometry to detect the

cell cycle phases of A375 and B16

cells treated with different

concentrations of p-CA for 24-h.

The PI single staining results showed

that the proportion of A375 cells in

the S phase was significantly

increased in the p-CA treatment

groups(2.5 and 3.5mM)
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The proportion of B16 cells in the G0-G1

phase was significantly increased in the p-

CA treatment group (3.0 and 4.0 Mm)



p-CA Regulates the Activity of Cyclin-CDK 

Complexes and Cell Cycle Progression

Performed western blot

analysis to examine the

levels of cell cycle-related

proteins in p-CA-treated

A375 and B16 cells.

p-CA (2.5 and 3.5mM)

significantly reduced the

expression levels of

CDK2 and cyclin A in

A375 cells and levels of

CDK2 and Cyclin E in

B16 cells.
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p-CA Induces A375 and B16 Cell Apoptosis

 The effect of p-CA on A375 and B16 cell apoptosis was determined by Hoechst 33,258 

staining.

 Under normal conditions, nuclei are round and pale blue, while the fluorescence intensity 

of the apoptotic nucleus is higher.

 Apoptotic cells are more condensed and have a disturbed mass-like morphology.

 Apoptosis also reduces the number of cells.
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Used flow cytometry to

detect the proportion of

apoptotic A375 and B16

cells after treatment

with p-CA.

The results showed that

the number of apoptotic

cells was significantly

increased upon p-CA

treatment in both A375

and B16 cells.
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Effect of p-CA Apoptosis-Related Proteins

 Performed western blot analysis to examine the levels of apoptosis-related proteins in A375 

and B16 cells treated with p-CA for 24-h.
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The levels of caspase3 and 

caspase9 decreased, and the 

levels of cleaved caspase3 and 

cleaved caspase9 increased in 

p-CA-treated A375 cells(2.5 

and 3.5mM) and B16 cells(3.0 

and 4.0mM).

*p<0.05,**p<0.01 compared 

with the corresponding 

control.
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p-CA Induces A375 and B16 Cell Apoptosis 

Through the Bcl-2/Bax Signaling Pathway

 Examined the upstream regulatory factors of caspase3 and caspase9 in A375 and B16 cells 

after treatment with p-CA for 24h.
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The results showed

that p-CA could

downregulate Bcl-2

and upregulate Bax,

Apaf1, and

cytoplasmic Cyto-C

levels in A375 cells

and B16 cells.

*p<0.05,**p<0.01

compared with the

corresponding

control.
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Discussion
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 By CCK-8 assay and colony formation experiments

 Flow cytometry results 

29 p-CA has an inhibitory effect on the 

proliferation on melanoma cells.

Promote apoptosis of melanoma calls

Change the cell cycle process.



Cell Cycle30

Western blot results showed that p-

CA decrease the levels of the key

proteins CDK2 and Cyclin A in the

A375 cell cycle, thereby blocking

the progression of cells from the S

to the G2 phase, increasing the

proportion of S phase cells.

In B16 cells, p-CA decreases the

levels of the key proteins CDK2 and

Cyclin E, causing cell cycle arrest

in the G0-G1 phase.



Apoptosis 31

p-CA leads to an increase in

the levels of cleaved caspase-

3 and cleaved caspase-9,

implying that p-CA could

induce apoptosis via a

caspase-dependent

mechanism.

Studies have shown that

changes in the ratio of Bcl-2

to Bax can regulate

apoptosis. That Bcl-2 levels

were significantly decreased

and Bax levels were

significantly increased in p-

CA-treated A375 and B16

cells.



Apoptosis 

 Bcl-2 levels were significantly decreased and cytoplasmic Cyto-C and Apaf1 levels were 

remarkably increased in p-CA-treated A375 and B16 cells.

 p-CA could induce apoptosis in A375 and B16 cells through the mitochondrial-mediated 

apoptotic signaling pathway, which is regulated by the Bcl-2 family.
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