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Dong et al.: Transforming Growth Factor-Beta/SMAD Signal on Dermal Fibroblasts

To exam the effects of transforming growth factor-beta1/suppressor of mothers against decapentaplegic signal 
mediated by poly L-lactic acid on biological behavior and collagen expression of dermal fibroblasts. Dermal 
fibroblasts Hs60 were treated with different concentrations of poly L-lactic acid. Quantitative polymerase 
chain reaction was used to detect the collagen type I alpha 1, collagen type I alpha 2, elastin, matrix 
metalloproteinases-1, tissue inhibitors of metalloproteinases-1 and tissue inhibitors of metalloproteinases-2, 
messenger ribonucleic acid level; procollagen synthesis was analyzed using a type I prolactin inducible 
protein enzyme immunoassay kit, and the amount of proteins associated to the transforming growth factor-
beta 1/suppressor of mothers against decapentaplegic signal pathway was measured using Western blot. 
The procollagen products in the high poly L-lactic acid intervention group (group C) was raised than that 
in the low- poly L-lactic acid intervention group (group B) and the control group (group A). The collagen 
type I alpha 1 and collagen type I alpha 2 protein in the group C were increased than those in the low-
poly L-lactic acid intervention group and the group A. The elastin, metalloproteinases-1, tissue inhibitors of 
metalloproteinases-1 and tissue inhibitors of metalloproteinases-2 messenger ribonucleic acid in group C was 
raised than that in low-poly L-lactic acid intervention group and group A, while the metalloproteinases-1, 
messenger ribonucleic acid in group B was reduced than that in group C and group A. The transforming 
growth factor-beta1 and suppressor of mothers against decapentaplegic messenger ribonucleic acid in group 
C was raised than that in low-poly L-lactic acid intervention group and group A. The transforming growth 
factor-beta1 and suppressor of mothers against decapentaplegic protein in the group C were increased than 
those in the low-poly L-lactic acid intervention group and the group A. Poly L-lactic acid stimulates collagen 
expression and synthesis in dermal fibroblasts by activating transforming growth factor-beta1/suppressor of 
mothers against decapentaplegic signal pathway.

Key words: Poly L-lactic acid, transforming growth factor-beta1/suppressor of mothers against decapentaplegic, 
dermal fiber cells, collagen

Effects of Transforming Growth Factor-Beta/SMAD Signal 
Mediated by Poly-L-Lactic Acid on Biological Behavior and 
Collagen Expression of Dermal Fibroblasts
CHENGZHI DONG, JIAN ZHANG1 AND LIJUAN PENG*

Department of Plastic Surgery, Tongde Hospital of Zhejiang Province, Zhejiang Province 310012, 1The Second Clinical 
Medical College, Zhejiang Chinese Medical University, Hangzhou, Zhejiang Province 310053, China

Accepted 07 May 2024
Revised 24 September 2023
Received 15 December 2022

Indian J Pharm Sci 2024;86(3):1161-1165

This is an open access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which  
allows others to remix, tweak, and build upon the work non-commercially,  
as long as the author is credited and the new creations are licensed under 
the identical terms

In view of China’s economic growth and the 
extension of life expectancy, individuals are 
exhorted to actively seek out bioactive chemicals 
that can prevent aging and enhance health in 
addition to pursuing beauty[1]. During skin aging, 
the epidermis and dermis undergo structural and 
functional changes. Dermal fibroblasts create 
collagen, the primary building block of 
Extracellular Matrix (ECM), to preserve the 
suppleness and strength of skin[2]. As a result of 
ultraviolet rays, inflammation, intracellular 
metabolites, and aging, collagen is easily inhibited, 

resulting in wrinkles, sagging, and relaxation of 
the skin. Although there is currently no way to 
permanently improve the anti-aging process, 
injectable fillers are an easy, quick, and minimally 
invasive cosmetic operation that has a quick 
recovery[3]. As the demand increases, face fillers 
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including polycaprolactone, hyaluronic acid, non-
biodegradable polymethyl methacrylate silicone, 
and polyacrylamide are constantly being updated[4]. 
Polylactic Acid (PLA) is a polymer that is immune 
inert, biodegradable, absorbable, flexible, and 
simple to produce. The compound is originated 
from plants and is widely used in soluble sutures, 
bone nails, and facial implants. It may also regulate 
collagen production and expression in the skin[5]. 
Fibroblasts are regulated in their expression of 
collagen genes by a range of cytokines. The 
primary controller of ECM synthesis is 
Transforming Growth Factor-Beta (TGF-β). It 
regulates fibroblast growth and apoptosis, and 
promotes collagen synthesis by inhibiting matrix 
degradation enzymes and p-Suppressor of Mothers 
Against Decapentaplegic (SMAD)[6]. In light of 
this, this study investigated the effects of TGF-β/
SMAD signal mediated by PLA on the biological 
behavior and collagen expression of dermal 
fibroblasts, in order to provide reference for the 
choice of clinical treatment. Human dermal 
fibroblast cell line (Hs60) was from American 
Type Culture Collection (ATCC). The cells were 
kept in a culture of Dulbecco’s Modified Eagle 
Medium (DMEM) supplemented with 1 % 
penicillin and 1 % streptomycin, along with 10 % 
Fetal Bovine Serum (FBS). The temperature of the 
incubator was 37° with 5 % Carbon dioxide (CO2) 
present. Poly (L-lactic acid) purchased from 
Thermo Fisher Scientific Company of the United 
States. Set up control group (group A), low-PLA 
intervention group (group B) and high PLA 
intervention group (group C). Group A without 
any treatment, routine culture, low PLA 
intervention group added 0.5 mg/ml PLA, and 
group C added 1 mg/ml PLA. Each experiment 
was repeated 6 times. The cell being cultured in 
the incubator for 48 h, each group of cells used 
Ribonucleic Acid (RNA) extraction kit to extract 
RNA, One Step Prime Script microRNA (miRNA) 
complementary Deoxyribonucleic Acid (cDNA) 
synthesis kit was used to reverse transcription 
miRNA into cDNA, miRNA fluorescence 
Quantitative Polymerase Chain Reaction (qPCR) 
detection kit was used for quantitative real-time 
PCR, and the cycle was finished in accordance 
with the kit’s guidelines. Following the completion 
of the response, the relative expression of 
messenger RNA (mRNA) was calculated in the 
software. The cells were inoculated in a 6-well 

plate and after 48 h of culture in the incubator, 
each group of cells were homogenized at 4° to 
make 10 % homogenate, subsequently centrifuged 
to ascertain the protein concentration, followed by 
washing, primary and secondary antibody 
incubation, gel preparation, electrophoretic 90 
min, gel cutting, and transmembrane 90 min. 
Software from Bio-Rad image laboratory was used 
to examine the findings. Cells was inoculated and 
after 24 h, the supernatant of each well was 
collected in an incubator containing 0.5 and 1 mg/
ml-oligo-L-lactic acid for 48 h, and the supernatant 
was determined according to the Prolyl 
Iminopeptidase (PIP) Enzyme-Linked 
Immunosorbent Assay (ELISA) commercial assay 
kit (TakaraBio Co., Ltd.,). The measurement data 
were expressed as (x̄±s), the statistical program 
Statistical Package for the Social Sciences (SPSS) 
22.0 was used for data processing and analysis, the 
F-variance analysis was employed for multi-group 
comparison, and the Least Significant Difference 
(LSD)-t test was utilized for pairwise comparisons 
between different groups. In comparison to group 
B, bp<0.05 and comparison to normal group A, 
ap<0.05. The level of procollagen product in group 
B was raised than group A, and this in high-PLA 
intervention group was increased than that in 
oligo-L-lactic acid intervention group (Table 1). 
The Collagen Type I Alpha (COL1A)-1 and 
COL1A2 protein in the group B were raised than 
those in the group A, and these in the group C were 
increased than those in the group B (Table 2). 
While the Matrix Metalloproteinases (MMP)-1 
mRNA in the low-PLA group was lower than in the 
group A, the elastin, MMP-1, Tissue Inhibitor of 
Metalloproteinase (TIMP)-1, and TIMP-2 mRNA 
in the group B was higher than in the group A. The 
elastin, MMP-1, TIMP-1 and TIMP-2 in the group 
C was raised than the group B, while the MMP-1 
in the group C was reduced than the group A (Table 
3). The TGF-β and SMAD in the group B was 
raised than the group A, and these in the high-PLA 
intervention group was raised than the group B 
(Table 4). The TGF- β and SMAD protein in the 
group B were raised than those in the group A, and 
these in the group C were raised than those in the 
group B (Table 5). The way the skin and face look 
is regarded as an important index to measure 
happiness and health. Cosmetic surgery has the 
advantages of less invasion, quick recovery, less 
scar and can achieve the best effect[7]. PLA is a 
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synthetic polymer made entirely of natural plants, 
like sugarcane and maize starch[8]. It has been 
found that with the degradation of PLA particles, 
it can gradually regain its volume by stimulating 
collagen synthesis. Therefore, PLA is frequently 
used as dermal fillers to correct flaws and enhance 
the look of the face and skin. Thus, it can be used 
in various medical fields[9,10]. In order to serve as a 
guide for clinical treatment choices, this study 
investigated PLA’s putative molecular mechanism, 
which controls the manufacture of collagen by 
dermal cells in Hs68 cells. Here, we saw that PLA 
affected the synthesis of collagen. The procollagen 
products in the group B were raised than that in the 
group A; while this in the group C was increased 
than that in the group B. The PIP-EIA assay 
demonstrated that procollagen production in 
cutaneous fibroblasts rose as PLA levels increased. 
The COL1A1 and COL1A2 protein in the group B 
were raised than those in the group A, while the 
COL1A1 and COL1A2 protein levels in the group 
C were increased than the group B. As is well 
known, the most prevalent kind of collagen in the 
human body is called type I collagen, which is 
made up of the COL1A1 and COL1A2. The 
outcomes demonstrated that the relative expression 
of MMP-1, elastin, TIMP-1 and TIMP-2 mRNA in 
the group B was raised than the group A, while the 
MMP-1 mRNA was reduced than the group A. The 
MMP-1, elastin, TIMP-1 and TIMP-2 mRNA in 
the group C was increased than the group B, and 
these was reduced than that in the group B. It is 
suggested that the elastin also increases with the 
increase of the concentration of PLA. A previous 
study found that elastin is a cross-linked fiber that 
forms thicker connective tissue of the dermis, 
giving the skin its flexibility and mechanical 
structure[11]. Accordingly, collagen and elastin 
biomaterials should be the main components of 
cosmetic skin materials. While PLA gradients 
enhanced the levels of TIMP-1 and TIMP-2, they 
inhibited MMP-1. According to earlier research, 
overexpression of MMPs causes the skin to droop 

and develop rough wrinkles. It also speeds up 
aging by degrading the ECM[12]. Due to their tight 
interaction with TIMP-1, TIMP-1 and TIMP-2 
have the ability to particularly block MMP-1 
activity[13,14]. TGF-β/Smad pathway regulates the 
production of fibroblasts and collagen, as well as 
the synthesis of ECM, in a physiological as well as 
pathological manner[15]. In order to facilitate 
wound healing, it controls membrane fibroblast 
differentiation and proliferation through paracrine 
and autocrine processes, and secondly, it regulates 
MMP-1 and TIMP-1 by paracrine and autocrine 
action[16]. An excessive amount of TGF-β can 
hinder the MMP-1 expression and result in an 
amplified TIMP-1 response, ultimately causing an 
elevation in collagen expression and a decrease in 
ECM degradation[17]. Previous studies have found 
that Oyster Hydrolysate (OH) modifies the TGF-β/
SMAD signal pathway to promote the synthesis of 
collagen[18]; by modulating the TGF-β/SMAD 
signal pathway, the compound extract of Salvia 
miltiorrhiza and Radix Astragali controls the 
production of collagen in keloid fibroblasts[19]; 
Pelteobagrus fulvidraco, a kind of seaweed, 
stimulates the TGF-β/SMAD signal pathway in 
dermal fibroblasts to increase the production of 
collagen[20]. Drawing from the aforementioned 
research context, our aim was to investigate the 
potential involvement of the TGF-β/SMAD signal 
pathway in PLA’s mechanism of boosting collagen 
gene expression and production in dermal 
fibroblasts. The TGF-β and SMAD mRNA in the 
group B was raised than the group A, and these in 
the group C was increased than that in the group B. 
The TGF-β and SMAD protein in the group B were 
raised than those in the group A, while these in the 
group C were raised than those in the group B. It 
has been proposed that PLA promotes collagen 
gene expression and synthesis in dermal fibroblasts 
through the TGF-β/SMAD signal pathway. In 
summary, PLA stimulates collagen expression and 
synthesis in dermal fibroblasts by activating 
TGF-β/SMAD signal pathway.

Group n Procollagen products (%)

A 6 99.19±10.06

B 6 142.93±20.38a

C 6 171.53±32.26ab

F 522.412
p 0.000
Note: Comparison to group B, ap<0.05 and comparison to normal group C, bp<0.05

TABLE 1: THE LEVEL OF PROCOLLAGEN PRODUCTS
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Group n COL1A1 COL1A2

A 6 0.37±0.09 0.41±0.14

B 6 0.43±0.14a 0.54±0.14a

C 6 0.86±0.16ab 0.78±0.12ab

F 80.413 47.276

p 0.000 0.000

Note: Comparison to group B, ap<0.05 and comparison to normal group C, bp<0.05

TABLE 2: COL1A1 AND COL1A2 EXPRESSION LEVELS IN DIFFERENT GROUPS

TABLE 4: THE TGF-β AND SMAD mRNA LEVEL

Group n TGF-β mRNA SMAD mRNA

A 6 1.24±0.32 0.83±0.35

B 6 1.65±0.40a 1.76±0.43a

C 6 2.47±0.54ab 2.59±0.67ab

F 212.744 318.451

p 0.000 0.000

Note: Comparison to group B, ap<0.05 and comparison to normal group C, bp<0.05

Group n Elastin MMP-1 TIMP-1 TIMP-2

A 6 0.77±0.09 0.33±0.14 0.31±0.03 0.38±0.20

B 6 1.32±0.35a 0.44±0.14a 0.49±0.04a 0.66±0.12a

C 6 2.05±0.46ab 0.78±0.12ab 0.54±0.03ab 0.79±0.15ab

F 321.687 218.481 258.235 157.823

p 0.000 0.000 0.000 0.000

Note: Comparison to group B, ap<0.05 and comparison to normal group C, bp<0.05

TABLE 3: THE ELASTIN, MMP-1, TIMP-1 AND TIMP-2 mRNA LEVEL

Group n TGF-β SMAD

A 6 0.28±0.04 0.30±0.03

B 6 0.57±0.08a 0.52±0.09a

C 6 0.86±0.28ab 0.76±0.11ab

F 115.521 245.156

p 0.000 0.000

Note: Comparison to group B, ap<0.05 and comparison to normal group C, bp<0.05

TABLE 5: EFFECT OF TGF-β AND SMAD IN EACH GROUP
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