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Abstract: Background: To study the effect of abnormal savda munziq (ASMq) on TGF-B1 and Smad7 expression in
hypertrophic scar fibroblasts (HSFs) and to preliminarily assess the function of abnormal savda munziq in hypertro-
phic scar formation at the molecular biology level. Methods: HSFs were cultured in vitro. RT-PCR and Western-blot
were used to investigate the influence of 48-h treatment with ASMq at different concentrations (O mg/mL, 0.1 mg/
mL, 0.4 mg/mL, and 0.7 mg/mL) on TGF-B1 and Smad7 mRNA and protein expression levels. Results: After 48-h
treatment with ASMq, the expression of TGF-B1 mRNA and protein gradually decreased in HSFs as the concentra-
tion increased. In contrary, Smad7 mRNA and protein expression were positively correlated with ASMq concentra-
tion. Conclusions: ASMq reduces TGF-B1, increases Smad7 mRNA and protein expression through regulating TGFp3-
1/Smad signaling pathway, inhibiting HSFs proliferation and reducing extracellular collagen deposition.
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Introduction

Hypertrophic scars (HS) are a type of pathologi-
cal scars involving the over-proliferation of
fibroblasts and excessive deposition of colla-
gen-dominated extracellular matrix [1]. The
cytokine TGF-B1 plays an essential role in HS
formation. It is secreted from fibroblasts and
promotes cell proliferation and collagen syn-
thesis in a positive feedback loop. Smad7 is a
negative inhibitor of TGF-B1 activity. It is a
downstream protein in the TGF-f1/Smad sig-
naling pathway. The TGF-$3 type | receptor can
bind Smad7, which inhibits phosphorylation of
the receptor protein kinase R-TGF- and blocks
signal transduction. Therefore, increasing
Smad7 expression in the pathway would indi-
rectly inhibit TGF-B1 expression. According to
experiments with Uighur medicine, ASMq
(Patent No.: Z65020166) can be used to treat
diseases induced by abnormal savda, such as
tumor, diabetes mellitus, hypertension, and
fibrotic diseases [2]. Previous data from our lab
[3] have shown that ASMq can inhibit HSF pro-
liferation at the cellular level and arrest the cell

cycle at G,/M, promoting premature apoptosis.
In this study, ASMq was studied for its effects
on TGF-B1 and Smad7 mRNA and protein
expressions in HSFs. This study also attempts
to reveal in a preliminary manner the molecular
mechanism by which ASMq exerts its influence
on HS formation.

Materials and methods
Instruments and reagents

ASMq (Xinjiang Uygur Medicine Co, Ltd.); DM-
EM (Hyclone, USA); Neonatal bovine serum
(Hyclone, USA); DNA Marker | (BioTeke
Corporation); TRIzol reagent (Invitrogen, USA);
Reverse transcriptase (TakaRa Bio Company,
Japan); TGF-B1 (National Engineering Research
Center for Biotechnology, China); Smad7
(National Engineering Research Center for
Biotechnology, China); Reference gene: GAPDH
(National Engineering Research Center for
Biotechnology, China); TEMED (Sigma, USA);
SDS (Sigma, USA); Acrylamide (Amresco, USA);
PVDF membrane (Millipore, USA); RIPA lysate
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(BioTeke Corporation, Beijing); BCA protein
assay kit (Beijing Biomed Biotechnology
Company); TGF-B1 rabbit anti-hnuman polyclonal
antibody (Abcam, USA); Smad7 mouse anti-
human monoclonal antibody (Santa, USA);
GAPDH rabbit anti-human polyclonal antibody
(Santa, USA); HRP-labelled goat anti-rabbit 1gG
antibody (ZSGB-Bio Origene, Beijing); DAB kit
(ZSGB-Bio Origene, Beijing); Vilber Lourmat
(BIO-RAD, USA); DYY-6C Electrophoresis Sys-
tem (Beijing Liuyi Instruments Company);
FS-312 box-type Ultraviolet transmission ana-
lyzer (Fusun Group, Shanghai); PCR thermocy-
cler (BIO-RAD, USA); Inverted phase-contrast
microscope (LEICA, DM300, Germany); Vertical
electrophoresis and transmembrane devices
(BIO-RAD, USA).

Culture and grouping of ASMqg-originated HSFs
Specimen origin

The HS tissues were collected from HS patients
in the Department of Orthopaedics at the First
Affiliated Hospital of Xinjiang Medical University.
This experiment was approved by the Ethics
Committee of the First Affiliated Hospital of
Xinjiang Medical University, and all patients
signed the informed consent form. Five patients
were included in this study (3 males and 2
females), and they were all of the Han national-
ity. Their age ranged from 25-38 yr. All patients
suffered from scar proliferation 3-12 months
after experiencing burn wounds. The presence
of HS was also confirmed by pathological
examination.

Culture and grouping of fibroblasts

The HS tissues were placed on an aseptic
bench, and rinsed three times with PBS to
remove remaining blood and other foreign
materials. The epidermis and any attached
scar tissues were excised to prevent contami-
nation from surface epidermic cells. HS tissues
were trimmed into 1 mm x 1 mm x 1 mm piec-
es and cultured under uniform conditions in
culture flasks. DMEM containing 10% fetal
bovine serum was slowly added into the culture
flask and the tissues were cultured under 37°C,
5% CO,, and saturated humidity. The media
were changed twice per week. When cells
around the tissues grew into a dense monolay-
er, trypsin digest and subculture were used to
propagate the cells and cells that had been
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passaged 3-6 times were selected for further
experiments.

Experimental design

The fibroblasts were divided into 2 groups: (1)
Control group: supplemented with identical vol-
umes of culture medium. (2) ASMq treatment
group: subdivided into 4 groups and treated
with either 0.1, 0.4, 0.7, or 1.0 mg/mL ASMq.

Measuring TGF-B1 and Smad7 mRNA expres-
sion by RT-PCR

Log growth phase cells were inoculated at
a concentration of 1.0 x 10° cells per dish into
a 100 mm culture dish. Adherent HSF cells
were grown to logarithmic phase treated with
ASMq at concentrations of 0.1 mg/mL, 0.4 mg/
mL, 0.7 mg/mL, or 1.0 mg/mL. The culture
media were aspirated, and pre-cooled PBS was
used to rinse the cells twice. Total RNA was
extracted with the Trizol total RNA extraction
kit, and total RNA concentration and purity
were determined using an ultraviolet spectro-
photometer (measured in triplicate). The 0D, /
OD,,, absorbance ratio of the specimen was
>1.8 and the total RNA concentration in each
sample was calculated. Primers sequences
for RT-PCR were: TGF-B1, Forward: CAAGA-
GGCTGTGTTGVTGTGAATC; Reverse: GTTGGTT-
TGAGAAAATCCATCGG; Smad7, Forward: CAAG-
AGGCTGTGTTGVTGTGAATC; Reverse: GTTGGT-
TTGAG AAAATCCATCGG; GAPDH, Forward: CG-
TCTTCACCACCATGGAGA; Reverse: CGGCCAT-
CGCCACAGTTT. Two micrograms total RNA and
1 ug Oligo dT in 12 pL 0.1% DEPC were dena-
tured at 70°C for 5 min. Then, 4 yL 5 x reverse
transcription buffer, 2 yL of 10 mmol/L dNTP,
and | yL of 20 pg/uL ribonuclease inhibitor
were added. After 5 min incubation at 37°C, 1
puL of 200 pg/uL MulV reverse transcriptase
was added for a final reaction volume of 20 pL.
Then, after denaturation at 45°C for 60 min,
the reaction mixture was heated at 70°C for 10
min to terminate the reaction. The total volume
of PCR reactions was 50 uL and the cycles pro-
ceeded as follows: pre-denaturation at 94°C
for 10 min, 30 cycles of amplification (denature
at 94°C for 1 min, annealing at 56°C for 0.5
min, extension at 72°C for 0.5 min), final exten-
sion at 72°C for 10 min. After the reaction was
terminated, 15 pL of the PCR reaction was elec-
trophoresed through 2% agarose gel using the
PCR marker as molecular weight standard.
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Figure 1. Influence of ASMq on cell morphology of cultured HSFs in vitro. Compared to the control group (A), HSFs
in groups (B-D) demonstrate smaller cell volume, rounded shape, shrunken nucleus, decreased nuclear-cytoplas-
mic ratio, muddy cytoplasm, and the appearance of vesicles. Part of the cell nuclear membrane disappeared and
rounded dead cells could be observed.

After electrophoresis, the gel was observed
and imaged under ultraviolet lamp, and density
scanning was used to analyze the PCR prod-
ucts. The index of mRNA expression (El) = (tar-
get mRNA band area x gray scale)/(reference
MRNA band area x gray scale).

Level of TGF-B1 and Smad7 protein expression
by Western blotting

HSF cells were inoculated during logarithmic
growth phase into 100 mm culture dishes at
1.0 x 10° cells per dish. Adherent cells were
grown past logarithmic phase ASMq was admin-
istered at concentrations of 0.1 mg/mL, 0.4
mg/mL, 0.7 mg/mL, and 1.0 mg/mL. The cul-
ture media were aspirated, and pre-cooled PBS
was used to rinse the cells twice. One hundred
microliters pre-cooled lysis buffer was added
and the samples were incubated on an ice-bath
for 30 min. Samples were collected with a spat-
ula, and the supernatant was collected after
centrifugal separation at 4°C and 12000 rpm
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for 15 min. Protein concentrations were mea-
sured by Coomassie light blue technique.
Fifteen microliters of the samples were loaded
onto a 10% SDS-PAGE vertical gel and sepa-
rated by electrophoresis. The samples were
transferred onto a PVDF membrane by electro-
phoresis. Ponceau red staining was used to
observe the efficiency of transfer. The mem-
brane was then blocked using a 5% solution of
skim milk at room temperature for 1 horat 4°C
overnight. TGF-B1 and Smad7 polyclonal anti-
bodies were diluted at a ratio of 1:1000 into
the blocking solution and allowed to incubate at
room temperature for 1 h or at 4°C overnight.
The membrane was rinsed with PBS-T buffer
for 10 min thrice, and HRP-labelled secondary
antibody (1:20000) was added. The membrane
was incubated at room temperature for 1 h and
rinsed with PBS-T buffer for 10 min thrice. A 1:1
mixture of solutions A and B from the ECL che-
miluminescence kit was added to the transfer
surface of the PVDF membrane, and the mem-
brane was incubated at room temperature for 1
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Figures 2. Effect of ASMqg on TGF-B1 mRNA expression. Compared to the control group, as the concentration of
ASMq increases, gradually decreases. The decrease in TGF-B1 mRNA was significantly reduced when 0.4 mg/mL
and 0.7 mg/mL ASMq were used (P<0.05). A. Control; B. 0.1 mg/mL; C. 0.4 mg/mL; D. 0.7 mg/mL. *P<0.05.

h. Remaining buffer was removed and the
membrane was wrapped in preservative film. In
the darkroom, the X film was pressed onto the
membrane and then exposed, developed, and
fixed with fixing solution. Protein expression
index El = (target protein band area x gray
scale)/(reference protein band area x gray
scale).

Statistical analysis

Experimental data were processed using SPSS
11.5. The data are shown as X + s, g-test was
used for paired-comparisons, while ANOVA was
performed for comparisons between groups.
The statistical significance was set at o = 0.05.

Results

Influence of ASMq on cell morphology of in
vitro cultured HSFs

After 48 h cell culture, inverted phase contrast
microscope was used to observe the cell mor-
phology. In the control group (A: 0 mg/mL), the
cell morphology appeared as expected: elon-
gated spindle, large cell body, abundant cyto-
plasm, many cellular protrusions, no nucleolus,
and some cells showed 2-3 extended protru-
sions of varying lengths. Cells were uniformly
attached to the culture surface and there were
no apparent floating cells. The cytoplasm
appeared clear. However, ASMqg-treated cells
(B: 0.1 mg/mL, C: 0.4 mg/mL, D: 0.7 mg/mL)
showed smaller cell volume, shorter and round-
ed protrusions, shrunken nucleus leading to
reduced nuclear-cytoplasmic ratios, and muddy
cytoplasm. Cells had cytoplasmic vesicles and
parts of the cytoplasmic structure were unclear.
The nuclear membrane disappeared in some
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cells, while rounded and floating dead cells
were observed (Figure 1).

Effect of ASMq on TGF-B1 and Smad7 mRNA
expression

Effect of ASMq on TGF-B1 mRNA expression

When compared to the control group, expres-
sion of TGF-B1 mRNA gradually decreased with
increasing concentrations of ASMq. When
ASMq was administered at concentrations of
0.4 mg/mL and 0.7 mg/mL, there was a signifi-
cant decrease in TGF-B1 mRNA levels, and the
decrease was dependent on the concentration
of ASMq in the culture. The differences within
groups and between groups are statistically
significant (P<0.05). These data indicate that
ASMq plays a role in lowering the expression of
TGF-B1 mRNA in HSFs, as shown in Figure 2.

Effect of ASMqg on Smad7 mRNA expression

When compared to the control group, Smad7
MRNA expression gradually increased as the
concentration of ASMq increased in a concen-
tration-dependent manner. The differences
within groups and across groups were statisti-
cally significant (P<0.05). The data indicate that
ASMq plays a role in increasing the expression
of Smad7 mRNA in HSFs, as shown in Figure 3.

Effect of ASMq on TGF-B1 and Smad7 protein
expression

Effect of ASMq on TGF-1 protein expression
When compared to the control group, the
expression of TGF-B1 protein gradually de-

creased as the concentration of ASMq in-
creased in a concentration-dependent manner.
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Figure 3. Effect of ASMqg on Smad7 mRNA Expression. Compared to the control group, as the concentration of
ASMq increases, Smad7 mRNA expression also increases. A. Control; B. 0.1 mg/mL; C. 0.4 mg/mL; D. 0.7 mg/mL.
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Figure 4. Effect of ASMqg on. Compared to the control group, with increasing concentrations of ASMq, the expres-
sion of TGF-B1 protein gradually decreased, and the decrease in TGF-B1 protein expression was significant at ASMq
concentrations of 0.4 mg/mL and 0.7 mg/mL. A. Control; B. 0.1 mg/mL; C. 0.4 mg/mL; D. 0.7 mg/mL. *P<0.05.
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Figure 5. Effect of ASMqg on. Compared to the control group, as the concentration of ASMq increases, expression
of the suppressor protein Smad7 gradually increases. A. Control; B. 0.1 mg/mL; C. 0.4 mg/mL; D. 0.7 mg/mL.

*P<0.05.

The decrease in TGF-B1 protein expression
was significant at ASMq concentrations of 0.4
mg/mL and 0.7 mg/mL. The differences
between groups and across groups were statis-
tically significant (P<0.05). Our experiment
showed that ASMq plays a role in reducing TGF-
B1 protein expression in HSFs, as shown in
Figure 4.
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Effect of ASMq on Smad7 protein expression

When compared to the control group, expres-
sion of the suppressor protein Smad7 increased
as the concentration of ASMq increased. The
increase in Smad7 expression followed ASMq
expression in a concentration-dependent man-
ner. The differences within and across groups
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were statistically significant (P<0.05). These
data show that ASMq plays a role in increasing
Smad7 protein expression in HSFs, as shown in
Figure 5.

Discussion

TGF-B1 is a cytokine that plays multiple biologi-
cal roles affecting the entire wound healing pro-
cess, including the inflammatory reaction and
extracellular matrix deposition [4]. As the key
factor in the TGF-B/Smad signal transduction
pathway, TGF-B1 is an important factor in HS
[5]. Smad family proteins were discovered in
recent years and are downstream signaling pro-
teins regulated by the TGF- receptor. Among
them, Smad7 has been found to be an inhibi-
tory protein [6, 7]. TGF-Bl-mediated signal
transduction is initiated when TGF-B type | and
Il receptors form a heterodimer and become
activated. The activated TGF-B type | receptor
phosphorylates Smad2 and Smad3, which form
a heterodimer with Co-Smad that is translocat-
ed into the nucleus and binds to specific pro-
moter sequences on TGF-B-inducible genes.
This complex then indirectly regulates tran-
scription through interaction with other nucleo-
proteins. In addition to activating R-Smad, TGF-
B1 can also activate I-Smad (Smad7) and
contribute to a negative feedback loop that
interrupts TGF-B1 signal transduction. While
resting I-Smad is found in the nucleus, it is
translocated to the cytoplasm for its functions
as a suppressor. Blocking signal transduction
in fibroblasts help prevent the pathological
effects triggered by TGF- and may be an effec-
tive way to inhibit scar proliferation.

According to Uighur medicine theory, various
nutrients produce various fluids in the liver.
These form the so-called body fluids, which are
part of the basic materials for human life and
physiological activities. The body fluids consist
of gallbladder hygroplasm, blood hygroplasm,
lymphatic temperament, and savda [8], which
are present throughout human life, are natu-
rally formed in vivo, and play a key role in health
and disease. They are continuously consumed
and produced in the body and are maintained
in a delicate equilibrium. When the four body
fluids are not in proper balance (e.g. changes in
quantity and quality), they may become detri-
mental to human body. Similarly, the abnormal
body fluids consist of four components, namely
abnormal gallbladder hygroplasm, abnormal
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blood hygroplasm, abnormal lymphatic temper-
ament, and abnormal savda. Among these,
abnormal savda results from changes in bile
fluid quantity and quality due to the influence of
various in vivo factors or the “burning” of bile
fluids under the fundamental “heat” of the
body. The presence of abnormal savda is a
common characteristic for many diseases in
Uighur medicine pathophysiology. ASMq is a
mixture of thirteen Uighur medicinal herbs,
namely Kiku Ko, celery root, chicory root, mol-
davica dragonhead seed, fennel flower seed,
fennel root bark, camomile, liquorice, citronel-
la, basil fruit, seed of hollyhock, anise fruit,
Peganum harmala L [9]. Uighur medicine indi-
cates that ASMq can help alleviate hepatic
fibrosis and pulmonary fibrosis. According to
Western medicine, HS is fibrosis of the skin and
is one of the types of systemic fibrosis. We
hypothesized that HS is induced by the abnor-
mal deposition of abnormal savda on the skin
wound surface.

ASMq is a strong free hydroxy radical scaven-
ger, protects against DNA oxidative damage,
inhibits tumor cell proliferation, and induces
apoptosis [10]. Based on our previous experi-
ments [3], ASMq is capable of inhibiting HSF
proliferation at the cellular level and arrests the
cell cycle at G,/M, triggering premature apopto-
sis of cells. In this study, through in vivo culture
of HSFs, RT-PCR, and Western-Blotting, we
observed that Smad7 translocation from the
cell nucleus to the cytoplasm increased signifi-
cantly after treatment with ASMq. The results
of this study indicate that in the TGF-B/Smad
signal transduction pathway, ASMq can reduce
the membrane expression of TGF-f type |
receptor by decreasing TGF-B1 protein expres-
sion, and increasing the expression of the inhib-
itory Smad7 protein by translocating it from the
cell nucleus to the cytoplasm and allowing it to
act as part of the negative feedback loop.
Smad7 competes with TGF-B1 for binding with
TGF-B type | receptor, preventing the phosphor-
ylation of Smad2 and Smad3, and further
decreases the formation of the Co-Smad het-
erodimer. Thus, the formation of collagen-dom-
inated extracellular matrix that makes up the
HS is significantly reduced. These experiments
demonstrate that ASMq can inhibit scar prolif-
eration due to the decrease in TGF-f1 and
increase in  Smad7 protein expression.
Promoting the inhibitory Smad transduction
signal can effectively suppress the pathological
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effects induced by TGF-B1, thereby playing a
critical role in arresting HSF proliferation and
reducing collagen secretion.
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