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Abstract: Objective to investigate the effect of 5-fluorouracil (5-FU) loaded carboxymethyl 

chitosan (CMC) nanoparticles on the apoptosis level of keloid fibroblasts. Methods keloid 

tissue (n = 80) was taken from inpatient and outpatient patients who were treated in our 

hospital from January 2020 to December 2020. The fresh keloid specimen tissues were 

washed with saline three times. After removing the epithelium, they were cut into 

2mm×2mm tissue blocks for subculture. CMC nanoparticles loaded with 5-FU were prepared 

by ionically crosslinking CMC solution with calcium chloride. The viability of fibroblasts was 

determined by MTT assay. Transwell was used to assess fibroblast invasion. The wound 

healing test was used to evaluate the migration of fibroblasts. The apoptotic cells were 

analyzed by Annexin V-FITC and flow cytometry. The expression of apoptotic protein in 

fibroblasts was determined by Western blot analysis. The expression of transforming growth 

factor-β (TGF-β) and Smad2/3 were analyzed by immunohistochemistry. The mRNA 

expression of ERK1/2, protein kinase B (AKT) and nuclear transcription factor-κB (NF-κB) 

was analyzed by RT-qPCR. Results compared with the control group, there was no difference 

in the viability of fibroblasts in the nanoparticle group at 0h (P>0.05), and the viability of 

fibroblasts at 24h, 48h and 72h decreased by 37.29%, 29.58% and 28.38, respectively 

(P<0.05). Compared with the control group, the fiber cells composed of nanoparticles were 

less likely to pass through the pores of the basement membrane and their invasiveness 

decreased (P<0.05). Compared with the control group, the migration ability of fibroblasts in 

the nanoparticle group decreased (P<0.05). Compared with the control group, the apoptotic 
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rate of fibers composed of nanoparticles increased (P<0.05). Compared with the control 

group, the expression levels of Bax, Caspase-3 and Caspase-9 apoptotic proteins in the 

nanoparticle group increased (P<0.05). Compared with the control group, the expression 

levels of TGF-β and Smad2/3 in the nanoparticle group decreased (P<0.05). Compared with 

the control group, the expression levels of ERK1/2, Akt and NF-κB mRNA in the nanoparticle 

group decreased (P<0.05). Conclusion 5-FU loaded CMC nanoparticles could reduce fibrosis 

in keloids, lower cell proliferation, migration and invasion, and increase cell apoptosis by 

inhibiting TGF-β related pathways. 
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1. Introduction 

Due to the overgrowth of fibrous tissue in skin 

injury sites such as surgery, trauma, burn and 

body perforation, keloids are massive and tough 

[1]. Previous studies have reported that keloids 

are related to allergic and inflammatory reactions 

during wound healing [2]. However, the general 

mechanism of keloid formation has not been 

clarified. Every year, 11 million people 

worldwide suffer from keloids. In the past 

decades, various therapies have been proposed to 

treat keloids, including cryotherapy, surgery and 

intralesional injection of corticosteroids and 

chemotherapy drugs, such as bleomycin, 

mitomycin C and 5-FU [3-5]. In addition, various 

polymeric biomaterials have been used to care for 

chronic wounds and abnormal scars. One of them 

is CMC, which is a biodegradable chitosan 

derivative with unique biological activities, 

including antimicrobial activity, immune 

enhancement and wound healing [6]. In previous 

studies, CMC has been shown to inhibit the 

proliferation of keloid fibroblasts [7]. 5-FU is a 

pyrimidine analogue with antimetabolite activity 

[8]. One possible explanation for this activity is 

that 5-FU inhibits thymidine synthase, which is 

related to the conversion of uridine to thymidine. 

The synthesis of deoxyribonucleic acid is 

inhibited [9]. Therefore, 5-FU is commonly used 

to treat various cancers [10]. In this study, CMC 

was used as a carrier to provide 5-FU. CMC 

nanoparticles loaded with 5-FU were prepared by 

gelation method. The influence of CMC 

nanoparticles loaded with 5-FU on the keloid 

fibroblasts apoptosis level was explored. 

2. Materials and Methods 

2.1. Clinical sample collection 

All specimens were taken from inpatients and 

outpatients who were treated in our hospital from 

January 2020 to December 2020. Keloid tissue 

(n=80) was taken from patients diagnosed by 

pathological diagnosis. Patients suffering from 

cancer and genetic/infectious diseases were 

excluded from this project. The participants had 

received radiotherapy and chemotherapy before 

surgery. In addition, the informed consent of the 

participants was obtained, and the research was 

approved by the hospital and its ethics committee. 

2.2. Isolation and culture of fibroblasts 

The cut fresh keloid tissue was washed with saline 

for 3 times, and cut into 2mm×2mm tissue blocks 

after epithelial removal. After spreading on sterile 

culture bottle, fibroblasts were cultured in 

5%CO2 at 37°C for 4 hours. The culture medium 

was changed every 3 to 4 days, and the fibroblasts 

were digested in 0.25% trypsin. The fibroblasts 

grew and covered the bottom for passage culture. 

After three passages, fibroblasts were cultured in 

Dulbecco modified Eagle medium (DMEM) 

containing 10% fetal bovine serum (FBS) at 37°C 

in 5%CO2. 

2.3. Preparation of CMC nanoparticles loaded 

with 5-Fu 

CMC nanoparticles loaded with 5-FU were 

prepared by ionic crosslinking CMC solution with 

calcium chloride. 0.05% (w/v) CMC with 0.1% 
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(v/v) Tween 80 was dissolved in distilled water. 

Each type of 0.5% (w/v) CMC and 5-FU (2 mg/ml) 

solution was prepared. The 5-FU solution was 

added to the CMC solution at a volume ratio of 1: 

9 and stirred overnight. For CMC nanoparticles 

without drugs, distilled water of the same volume 

was added to replace 5-FU. CaCl2 solution was 

added to CMC solution with 5-FU under 

magnetic stirring to obtain CMC nanoparticles 

loaded with 5-FU. With the formation of particles, 

transparent solution spontaneously became milky 

white emulsion by Tindal effect. Particles were 

separated by centrifugation at 10,000 rpm at 4°C 

for 5 minutes. The precipitate was dispersed in 

distilled water and lyophilized. The obtained 

nanoparticles were stored at 4°C for further study. 

2.4. Determination of the activity of fibroblasts 

by MTT assay 

Accurate 1×104 fibroblasts were mixed with 

100μL culture solution and inoculated into each 

well of 96-well culture plate. The fibroblasts were 

cultured for 12, 24, 48 and 72 hours, respectively, 

and then 20μLMTT solution (Genechem, China) 

with a concentration of 5g/L was added to each 

well. 150μL dimethyl sulfoxide was added to each 

well to dissolve the blue-violet crystal. After 

gently shaking the solution in the dark for 10 

minutes, the optical density (OD [490]) of each 

well was measured with a microplate reader at a 

wavelength of 490 nm. 

2.5. Cell invasion determination  

Transwell coated with Matrigel (BD Biosciences, 

USA) was used to evaluate the invasion of 

fibroblasts. About 2×104 cells in 200μL serum-

free DMEM medium were inoculated into the 

upper chamber, and the lower chamber was filled 

with Dulbecco modified Eagle medium (DMEM, 

Gibco, USA) and 10%FBS, with a total volume 

of 500μL. After 24 hours of culture, invasive cells 

that passed through the Matrigel barrier on the 

bottom surface of the membrane were fixed with 

methanol and stained with crystal violet. The 

image was taken with an inverted microscope. 

The determination was made in quadruplicate and 

repeated with 3 cell samples. 

2.6. Determination of cell migration 

Cells were uniformly (2×105 cells/well) 

inoculated into a six-well plate and cultured for 

24 hours. The plate was kept overnight at 37℃ 

and in 5% CO2 in a humid atmosphere to obtain 

the fused cell monolayer. The cell wound was 

scrapped with a sterile 200μL pipette tip. The non-

adhered cells with PBS were washed off. The 

cells were cultured and incubated with fresh 

medium without supplement for 24 hours. The 

cell migration was observed, and pictures of each 

hole were taken with an objective inverted 

microscope (Olympus, Japan). The result was 

expressed as a percentage of scratch area filled 

with cells. Data were obtained from four 

randomly selected high power fields. he 

determination was made in quadruplicate and 

repeated with 3 cell samples. 

2.7. Apoptosis analysis by flow cytometry   

Transfected cells were placed in a 6-well plate at 

a density of 2×105 cells/well, and centrifuged at 

5,000×g for 5 minutes at room temperature. Cell 

pellet was washed with PBS and resuspended in 

wells. Cells were incubated with 5µl propidium 

iodide (Thermo Fisher Scientific) in the dark at 4℃ 

for 30 minutes, and stained with 5µl Annexin V-

FITC for 15 minutes at room temperature (catalog 

number ab1408; Abcam). Then, flow cytometry 

(BD Biosciences) and FlowJo software (version 

7.6; FlowJo LLC) were used to analyze the 

apoptotic cells. 

2.8. Western blot analysis 

After adding RIPA buffer (Pierce), fibroblasts 

were lysed for 30 minutes, and the obtained 

cleavage products were centrifuged at 12000g for 

10 minutes. The supernatant was collected and the 

total protein concentration was measured 

according to the strength of BCA kit (Pierce). 

Then, 50μg protein was extracted from each 

sample, and 12% sodium dodecyl sulfate-

polyacrylamide gel electrophoresis was carried 

out on the spacer gel at 80 V for 40 minutes and 

on the separation gel at 120 V for 1.5 hour. The 

protein was transferred to PVDF membrane at 

100 V and sealed in 5% skim milk powder at room 
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temperature for 1 hour. After that, the proteins 

were incubated at 4°C overnight for Bax (1: 5000), 

Caspase‐3 (1:500), Caspase‐9 (1: 1000), and 

glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH). The next day, after supplementing 

horseradish peroxidase labeled goat anti-rabbit 

secondary antibody, the protein was incubated at 

37°C for another 2 hours. ScionImage software 

was used to measure the gray value of protein 

band with GAPDH as internal reference. 

2.9. Histological and immunohistochemical 

evaluation 

The keloids and normal tissues were fixed in 10% 

formalin buffer, treated with nanoparticles, 

embedded in paraffin blocks, and sliced with a 

thickness of 5μm. The slices were stained with 

hematoxylin and eosin (H&E). 

Immunohistochemistry (IHC) was performed in 

keloid tissue and keloid spheroid. Tissues were 

incubated with the following primary antibodies, 

including TGF-β and SMAD2/3 (Cell Signaling 

Technology, Danvers, Massachusetts, USA). 

After washing with phosphate buffer (PBS), the 

slides were incubated with secondary antibody 

(Santa Cruz Biotechnology, Santa Cruz, 

California, USA). All slides were stained with 

hematoxylin. Semi-quantitative analysis of factor 

expression level was carried out by computer-

aided planar method (Universal Image, 

Buckinghamshire, UK). The result was expressed 

as the average optical density of six different 

digital images. 

2.10. RT-qPCR 

According to the manufacturer's procedures, 

reagents (Invitrogen) was used to extract RNA 

from tissues/cells, and the NanoDrop 1000 

spectrophotometer (Thermo Fisher Scientific, 

Inc.) was used to determine the concentration. 

The quality of the extracted RNA was evaluated 

using an Agilent 2100 bioanalyzer (Agilent 

Technologies GmbH), and the ratio of 28S: 18S 

was > 1.0. PrimeScript™RT kits (Takara 

Biotechnology Co, ltd.) were used to synthesize 

cDNA. Samples were incubated at room 

temperature for 30 minutes, at 42°C for 45 

minutes, at 99°C for 5 minutes, and at 5°C for 5 

minutes in the PCR cycler. Then, qPCR was 

performed using SYBR Green PCR Master Mix 

(Takara Biotechnology Co.，Ltd.) according to the 

manufacturer's procedures. The qPCR adopted 

the following thermal cycling conditions: initial 

denaturation at 95°C for 5 minutes, denaturation 

at 95°C for 45 cycles for 15 seconds, annealing at 

60°C for 20 seconds, extension at 72°C for 10 

seconds, and finally extension at 72°C for 10 

minutes. The relative expression level was 

calculated by 2-ΔΔCt method (13), and 

normalization was carried out with respect to the 

internal reference gene GAPDH. 

2.11. Statistical analysis 

SPSS 21.0 software (SPSS Inc, Chicago, IL) or 

Graphpad Prism 6 software were used to analyze 

all experimental data. The measurement data 

displayed as mean±standard deviation (SD) were 

compared by Student t-test and one-way ANOVA. 

P<0.05 indicated statistically significant 

comparison. 

3. Results 

3.1. Inhibition of the activity of fibroblasts by 

nanoparticles  

Compared with the control group, the activity of 

fibroblasts in the nanoparticle group had no 

difference at 0h (P>0.05), but decreased by 

37.29%, 29.58% and 28.38 (P<0.05) at 24h, 48h 

and 72h respectively as shown in Figure 1, Table 

1. 
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Figure 1. The activity of fibroblasts 

Table 1. The activity of fibroblasts 

Group 0h 24h 48h 72h 
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Control 

group 

0.13±0

.06 

1.18±0

.17 

2.13±0

.22 

2.96±0

.15 

Nanopar

ticle 

group 

0.11±0

.03 

0.44±0

.13 

0.63±0

.12 

0.84±0

.11 

t  value 7.927 5.728 9.738 8.726 

p  value 0.414 0.013 0.007 <0.001 

3.2. Inhibition of the invasion and migration of 

fibroblasts by nanoparticles  

Transwell analysis showed that, compared with 

the control group, the fibroblast cells of the 

nanoparticle group were less likely to pass 

through basement membrane, with lower 

invasiveness (P < 0.05). On the other hand, the 

results of wound healing test showed that the 

migration ability of fibroblasts in the nanoparticle 

group was lower than in the control group 

(P<0.05) as shown in Figure 2, Table 2. 
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Figure 2. Invasion and migration of 

fibroblasts 

 

Table 2. Invasion and migration of fibroblasts 

Group Cell invasion 
Cell 

migration (%) 

Control 

group 
115.44±13.72 62.82±4.82 

Nanoparticle 

group 
54.78±8.92 28.44±3.12 

t  value 8.829 7.929 

p  value 0.012 0.004 

3.3. Promotion of fibroblast apoptosis by 

nanoparticles  

The apoptosis rate of fibroblasts was analyzed by 

flow cytometry. Compared with the control group, 

the apoptosis rate of fibroblasts in the 

nanoparticle group increased (P<0.05) as shown 

in Figure 3, Table 3. 
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Figure 3. Apoptosis analysis by flow 

cytometry 

 

Table 3. Apoptosis rate of fibroblasts  

Group Apoptosis rate (%) 

Control group 4.33±0.32 

Nanoparticle group 18.47±1.79 

t value 7.827 

P value 0.007 

3.4. Promotion of expression of apoptosis 

proteins by nanoparticles 

Compared with the control group, the expression 

levels of Bax, Caspase-3 and Caspase-9 apoptosis 

proteins in nanoparticle group increased (P<0.05) 

as shown in Table 4. 

 

Table 4. Expression of Bax, Caspase-3 and 

Caspase-9 apoptosis proteins 

Group Bax 
Caspase-

3 

Caspase-

9 

Control 

group 

1.33±0.2

6 

1.77±0.1

3 

1.36±0.1

2 

Nanoparticl

e group 

5.47±0.3

3 

7.72±0.1

5 

6.33±0.1

4 

t value 7.927 6.728 7.827 

P value 0.012 0.013 0.012 

3.5. Inhibition of expression of TGF-β and 

Smad2/3 by nanoparticles  

Immunohistochemical analysis of TGF-β and 

Smad2/3 showed that TGF-β and Smad2/3 

expression levels in the nanoparticle group were 
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lower than those in the control group (P<0.05) as 

shown in Table 5. 

 

Table 5. Average optical density (×104) 

Group TGF-β Smad2 / 3 

Control 

group 
13.88±1.27 15.76±1.88 

Nanoparticle 

group 
2.25±0.34 2.15±0.34 

t value 3.729 7.917 

P value <0.001 <0.001 

3.6. Inhibition of expression of ERK1/2, Akt 

and NF-κB mRNA by nanoparticles  

The mRNA expression of ERK1/2, Akt and NF-

κB was analyzed by RT-qPCR. Compared with 

the control group, the mRNA expression levels of 

ERK1/2, Akt and NF-κB in the nanoparticle 

group decreased (P<0.05) as shown in Table 6. 

Table 6. Expression of ERK1/2, Akt and NF-

κB mRNA 

Group ERK1/2 Akt NF-κB 

Control 

group 

2.33±0.1

2 

1.89±0.1

4 

2.22±0.1

5 

Nanoparticl

e group 

1.05±0.1

3 

1.03±0.1

1 

1.04±0.1

2 

t value 5.172 7.817 5.816 

P value 0.023 0.027 0.014 

4. Discussion 

Keloid is an abnormal scar caused by skin injury 

(such as trauma, burn and surgery). Regarded as a 

benign fibroproliferative tumor, it eventually 

leads to abnormal skin fibrosis, and is 

characterized by excessive deposition of 

extracellular matrix [11]. Usually, these tumors 

invade adjacent normal tissues, and rarely 

spontaneously subside. Compared with the in/out-

of-focus area, the collagen I and III produced by 

fibroblasts growing at the edge of keloid will 

increase [12]. Keloid is too large in the initial 

injury area and is characterized by itching and 

pain. According to previous studies, some gene 

regulators, including cytokines and chemokines, 

participate in the formation and development of 

keloids [13]. In recent years, people are 

increasingly interested in pathological scars. 

Although there is no clear understanding of the 

potential mechanism of keloids, it has been found 

that several mediating factors can affect the 

pathogenesis of keloids. Excessive extracellular 

matrix caused by uncontrolled proliferation of 

keloid fibroblasts is one of the most famous 

causes of keloid formation. Therefore, it is 

generally considered that keloid formation is 

caused by the increase of cell proliferation and the 

decrease of apoptosis rate in keloid fibroblasts 

[14]. Appropriate treatment may be aimed at 

inhibiting the proliferation of keloid fibroblasts or 

reversing pathological fibrosis. 

Previous studies have shown that CMC 

effectively prevents the growth of keloid 

fibroblasts [15]. In addition, 5-FU is a promising 

method with antimetabolite activity to treat 

abnormal scars. For local delivery of CMC 

nanoparticles loaded with 5-FU, we used coated 

microneedles. The manufactured stainless steel 

microneedle array was coated with the 

preparation including nanoparticles. The formula 

was optimized to improve the loading efficiency 

of particles. The coating preparation is composed 

of tackifier, surfactant, particle stabilizer and 

nanoparticle group. CMC is used to enhance the 

viscosity of the formula. Lutrol-F68 can improve 

the loading efficiency of particles by reducing the 

surface tension of microneedles. Trehalose 

enhances the stability of granules. Pilot-scale 

experiment was carried out to find the best 

proportion and concentration of coating solution. 

The preparation is composed of 1% (w/v) CMC, 

0.5% (w/v) Lutrol F68, 15% (w/v) trehalose and 

2% 5-FU loaded CMC nanoparticles. The 

composition of the coating formula makes the 

nanoparticles stable and has the best viscosity for 

dip coating process. The size of nanoparticles in 

the preparation by DLS was evaluated. As a result, 

it was confirmed that the nanoparticles were 

stable in the coating formulation because the size 

of the nanoparticles did not change significantly. 

The microneedle array was precoated with 2% 

(w/v) CMC solution to minimize the influence of 

humidity. As the test result of optimizing the 



2195 Tob Regul Sci.™ 2021;7(5): 2189-2198 

optimum thickness, the coating was repeated 12 

times. We observed that CMC nanoparticles 

loaded with 5-FU inhibited the proliferation, 

migration and invasion of keloid fibroblasts and 

promoted the apoptosis of keloid fibroblasts. 

Various cytokines, including TGF-β, vascular 

endothelial growth factor, platelet-derived growth 

factor, interleukin-1, interleukin-6, tumor 

necrosis factor-α and insulin-like growth factor-1, 

are considered to promote the formation of keloid 

[16-18]. Activation of the AKT and NF-κB 

pathways is associated with mediating 

invasiveness. TGF-β, AKT and NF-κB pathway 

affect some parts of wound healing process, such 

as cell migration, proliferation and extracellular 

matrix maturation, and keloid formation [19]. 

TGF-β signal transduction has become the core 

pathway of fibroblast activation. TGF-β is the key 

factor of keloid hyperplasia and collagen 

synthesis, because it enhances mitotic response 

[20]. TGF-β1 increases the synthesis of collagen 

and fibronectin in fibroblasts. Overexpression of 

TGF-β1 in keloid fibroblasts has been observed. 

This abnormal expression leads to keloid 

formation, which is the result of increased 

production of collagen and matrix 

metalloproteinase. Smad2/3, ERK1/2 complex, 

Akt and NF-κB, the key mediators of TGF-β 

signaling pathway, are highly activated in keloids, 

which is related to the pathogenesis of keloids. 5-

FU is a fluorinated pyrimidine analogue with 

antimetabolism activity. The mechanism of its 

activity is not clear, but many experiments show 

that 5-FU inhibits the proliferation of keloid 

fibroblasts by inhibiting the expression of TGF-

β1. We found that 5-FU loaded CMC 

nanoparticles decreased the expression of TGF-β, 

Smad2/3, ERK1/2 complex, Akt and NF-κB in 

keloid spheres. In a word, these results indicate 

that CMC nanoparticles loaded with 5-FU has an 

effective anti-fibrosis effect on keloids. To sum up, 

5-FU loaded CMC nanoparticles could reduce 

fibrosis in keloids, decrease cell proliferation, 

migration and invasion, and increase cell 

apoptosis by inhibiting TGF-β related pathways. 

These results indicate that 5-FU loaded CMC 

nanoparticles is a new strategy to treat keloids 

[21-27]. 
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