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Purpose: The present study was designed to determine whether rapamycin could
inhibit transforming growth factor 1 (TGF-B1)-induced fibrogenesis in primary
lung fibroblasts, and whether the effect of inhibition would occur through the
mammalian target of rapamycin (mTOR) and its downstream p70S6K pathway.
Materials and Methods: Primary normal human lung fibroblasts were obtained
from histological normal lung tissue of 3 patients with primary spontaneous pneu-
mothorax. Growth arrested, synchronized fibroblasts were treated with TGF-f1
(10 ng/mL) and different concentrations of rapamycin (0.01, 0.1, 1, 10 ng/mL) for
24 h. We assessed m-TOR, p-mTOR, S6K1, p-S6K1 by Western blot analysis, de-
tected type III collagen and fibronectin secreting by ELISA assay, and determined
type III collagen and fibronectin mRNA levels by real-time PCR assay. Results:
Rapamycin significantly reduced TGF-f1-induced type III collagen and fibronec-
tin levels, as well as type III collagen and fibronectin mRNA levels. Furthermore,
we also found that TGF-B1-induced mTOR and p70S6K phosphorylation were
significantly down-regulated by rapamycin. The mTOR/p70S6K pathway was ac-
tivated through the TGF-1-mediated fibrogenic response in primary human lung
fibroblasts. Conclusion: These results indicate that rapamycin effectively sup-
presses TGF-B1-induced type III collagen and fibronectin levels in primary human
lung fibroblasts partly through the mTOR/p70S6K pathway. Rapamycin has a po-
tential value in the treatment of pulmonary fibrosis.

Key Words: Idiopathic pulmonary fibrosis, lung fibroblasts, mTOR pathway, ra-
pamycin, transforming growth factor-betal

INTRODUCTION

Pulmonary fibrosis results from an exaggerated repair response to repeated lung
injury. Lung injuries trigger a complex interaction of epithelial, stromal, endothe-
lial, and inflammatory cells, resulting in abnormal accumulation of fibroblasts/
myofibroblasts and excessive extracellular matrix (ECM) deposition in the pul-
monary interstitium, eventually causing the loss of lung structure and function.'”
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Therefore, direct inhibition of fibroblast accumulation and
extracellular matrix level may be a useful antifibrotic thera-
peutic target.

Rapamycin, an inhibitor of mammalian target of rapamy-
cin (mTOR) and a potent antiproliferative drug, was intro-
duced initially into clinical practice as a maintenance im-
munosuppressant to prevent transplant rejection.® Rapamycin
has also been used in the treatment of tumors and restenosis
of coronary artery stents.”® In addition, rapamycin is attrac-
tive because its potent antifibrogenic action has been dem-
onstrated in animal models of hepatic, renal, and pulmo-
nary fibrosis.”'* Rapamycin inhibits collagen production of
human lung fibroblasts (WI-26) in a time- and dose-depen-
dent manner, and decreases COL1A1, COL1A2, and CO-
L3A1 mRNA levels."” It plays a role by inhibiting mTOR
pathway. Downstream effectors of mTOR include ribosom-
al protein S6 kinases (S6K) and 4 eukaryote-binding pro-
tein 1 (4E-BP1). Activation of S6K increases protein syn-
thesis and cell growth. Alternatively, hyperphosphorylation
of mTOR induces dissociation of 4E-BP1 from eukaryotic
translation initiation factor (eIF4E), which facilitates
mRNA translation.

Transforming growth factor 1 (TGF-B1) is a profibrotic
cytokine that plays a critical role in the development of pul-
monary fibrosis.!*!¢ Elevated levels of TGF-1 in the lungs
have been found in animal models of lung fibrosis and also
in patients with idiopathic pulmonary fibrosis (IPF).!72
TGF-B1 promotes fibroblast activation and epithelial-mes-
enchymal transition (EMT), followed by enhancement of
collagen synthesis.?’*® TGF-f1 induces EMT through

2426 Tt also initi-

Smad signaling and non-Smad pathways.
ates Akt signaling through phosphoinositide 3 kinase dur-
ing EMT, activating mTOR pathway, and finally control-
ling the translation of specific mRNA and protein synthesis
involved in cell cycle regulation.!?’

The aims of this study were to find out whether ECM
level in primary human lung fibroblasts was inhibited by
rapamycin and to identify whether the effect of inhibition
would be through the mTOR and its downstream p70S6K
pathway, and confirm the activation of mTOR pathway
during lung fibroblast responses to TGF-B1. To accomplish
this, ECM level (includes collagen and fibronectin) and ex-
pression of mTOR pathway kinases were investigated in
primary human lung fibroblasts after stimulation with
TGF-B1. Then, the action of rapamycin on TGF-B1-induced
ECM level and expression of mTOR pathway kinases were
examined.

MATERIALS AND METHODS

Isolation and characterization of human lung
fibroblasts
Adult human lung fibroblasts were mechanically dissoci-
ated from histologically normal lung tissue samples of 3
patients with primary spontaneous pneumothorax (3 male
nonsmokers, mean ages 35+5 years) at the time of thora-
coscopy with stapling of any air leak, and cultured. They
had no evidence of other acute or chronic lung disease.
The harvested lung tissue samples were maintained in
sterile phosphate-buffered saline (Hyclone, Logan, UT,
USA), cut into small pieces (1-5 mm?), and placed into
25-cm? flasks (Corning, NY, USA) with Dulbecco’s Mod-
ified Eagle Medium (DMEM) supplemented with 10% fe-
tal calf serum, penicillin (100 U/mL), and streptomycin
(100 pg/mL) (all from Hyclone, Logan, UT, USA). Pri-
mary fibroblasts were cultured at 37°C in a humidified at-
mosphere of 5% COa. Spindle-like fibroblasts started to
growout from tissue samples on day 2 to 3. Outgrowth of
fibroblasts took 1 to 2 weeks. Tissue samples were then
removed by aspiration, and cells were allowed to reach
confluence. Fibroblasts at confluence were expanded by
trypsinization and passaged every 4 to 5 days ata 1 : 4 ra-
tio. After 4 passages, pulmonary fibroblasts were identi-
fied by morphology and immunohistochemistry. The fi-
broblasts used in these experiments were obtained between
passages 5 and 8.

This study was approved by the ethics committee of Bei-
jing Chao-Yang Hospital, Capital Medical University, and
informed consent was obtained from the subjects.

Assessment of cell viability

Cell viability was evaluated using a colorimetric assay
with 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide (MTT). Normal human lung fibroblasts were
seeded onto a 96-well plate at a density of 5x10* cells/
well. When the cells were nearly confluent (70%), the me-
dium was replaced with DMEM containing 2% fetal bo-
vine serum. TGF-B1 and rapamycin were purchased from
Sigma, St. Louis, MO, USA. Rapamycin was first dis-
solved in dimethyl sulfoxide (DMSO), and then added to
culture medium to reach the final concentrations. In the
control and TGF-B1 groups, vehicle (DMSO) was added at
the highest concentration (0.0004%) needed. The cells
were treated with TGF-B1 (10 ng/mL) and various concen-
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trations of rapamycin (0.01, 0.1, 1.0, and 10 ng/mL) ac-
cording to the method described previously,'* and then in-
cubated for 24 h. Then, 20 pL of MTT (5 mg/mL) were
added per well and incubated for 4 h. Finally, the medium
was removed and formazan crystals were solubilized with
150 uL. DMSO. The optical density of each well was mea-
sured at 490 nm. The results are based on the cleavage of
tetrazolium salt by viable cells that are proportional to the
number of living cells in the wells.

ELISA assay for type III collagen and fibronectin
Fibroblasts were seeded in 100-mm? cell culture dishes
(Corning, NY, USA) and allowed to reach 70% confluence.
After 24 h of serum starvation, the cultures were treated
with TGF-B1 (10 ng/mL) and rapamycin (0.01, 0.1, 1.0, and
10 ng/mL) for another 24 h. Concentrations of secreted
type III collagen and fibronectin were determined by ELI-
SA in culture supernatants of fibroblasts. Type III collagen
and fibronectin were measured according to manufacturer’s
instructions (Blue Gene, BG, Beijing, China).

Real-time PCR assay for mRNA expression of type III
collagen and fibronectin

Fibroblasts were grown in 25-cm? tissue culture flasks and
treated with rapamycin as described above. RNA was ex-
tracted using an RNA extraction kit (Beijing Huanya Bio-
medicine Technology Co., Ltd., Beijing, China) according
to manufacturer’s instructions. The extracted mRNA was
reverse-transcribed to cDNA using oligodT and M-MLV
reverse transcriptase (Beijing Tiangen Biochemical Tech-
nology Co., Ltd., Beijing, China). Quantitative real-time
PCR was performed using a fluorescence quantitative PCR
detection system (Hangzhou Bori Science and Technology
Co., Ltd., Hangzhou, China). Annealing temperatures was
60°C for all reactions. BioEasy SYBR Green I Real Time
PCR Kit Manual (Beijing Huanya Biomedicine Technolo-
gy Co., Ltd., Beijing, China) was used according to manu-
facturer’s instructions. Relative quantification of cDNA
was carried out by the method previously described.”® The
primers of type III collagen and fibronectin used for the
PCR reactions are shown in Table 1.

Table 1. Primer Sequences Used for Quantitative RT-PCR

Western blotting for mTOR and p70S6K
phosphorylation protein

For Western blot analysis, the human lung fibroblasts were
seeded in 100-mm? cell culture dishes (Corning, NY, USA)
and treated with rapamycin as described above. Total cell ly-
sates were obtained using RIPA buffer (25 mM Tris-HCI,
150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1%
SDS, Thermo Scientific, Waltham, MA, USA) containing 1 :
100 phenylmethylsulfonyl fluoride and phosphatase inhibi-
tors (Beijing Puli Lai Gene Technology Co., Ltd., Beijing,
China). The supernatants obtained by centrifugation of the
lysates at 12000 r/min for 10 min at 4°C were used as cyto-
plasmic extracts. Protein concentrations were determined us-
ing a BCA assay kit (Pierce, ID, USA). Twenty pg of each
protein were subjected to sodium dodecyl sulfate polyacryl-
amide gel electrophoresis and transferred to PVDF mem-
branes (Millipore, MA, USA). The membranes were blocked
for 1 h in Tris-buffered saline (10 mM Tris-HCI pH7.5 and
0.15 M NaCl) containing 0.1% (v/v) Tween 20 and 5% (w/v)
nonfat dry milk, and then probed at 4°C overnight with pri-
mary antibodies against human m-TOR (diluted 1 : 1000;
Cell Signaling Technology, CST, Boston, MA, USA), p-
mTOR (diluted 1 : 500; CST, Boston, MA, USA), S6K1 (di-
luted 1 : 1000; CST, Boston, MA, USA), p-S6K1 (diluted 1 :
250; CST, Boston, MA, USA) and B-actin (diluted 1 : 5000;
California Bioscience, Coachella, CA, USA). Immunoreac-
tive bands were detected with horseradish peroxidase-conju-
gated secondary antibodies (diluted 1 : 2000; Protein Tech
Group, Inc., Chicago, IL, USA) and visualized by enhanced
chemiluminescence detection reagents on ChemiDoc XRS
(Bio-Rad, Hercules, CA, USA).

Statistical analysis

All experiments were conducted in duplicate and repeated
three times. The results are representative of three independent
experiments. Data are expressed as means=SD. Statistical
analysis was conducted by analysis of variance followed by
appropriate post hoc tests including multiple comparison tests
(LSD). All analyses were performed using SPSS 11.5 statisti-
cal software package (SPSS Inc., Chicago, IL, USA) and
prism software (GraphPad Software, Inc., CA, USA). Proba-

Name Forward sequence Reverse sequence

COL3A1 5’- CTGCCCCAACCCAGAAATT-3’ 5’- CTGCGAGTCCTCCTACTGCTACT-3’
FN 5’- CACCCAATTCCTTGCTGGTATC-3’ 5’- ATATTCGGTTCCCGGTTCCA-3’
Actin 5’-TGACGTGGACATCCGCAAAG-3’ 5’-CTGGAAGGTGGACAGCGAGG-3’

RT-PCR, real-time PCR; FN, fibronectin.
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Fig. 1. (A) Characterization of primary human lung fibroblasts. All primary human lung fibroblasts cells displayed typical spindle-shaped morphology under a
light microscopy (x40). (B) Characterization of primary human lung fibroblasts. Indirect inmunofluorescence staining of primary human pulmonary fibro-
blasts for vimentin, fibronectin, type Ill collagen, von Willebrand factor (vWF), pro-surfactant protein C (pro-SPC) and a-smooth muscle actin (a-SMA).
Original magnification was x100. (C) Characterization of primary human lung fibroblasts. Indirectimmunofluorescence staining of pulmonary artery endothe-

lial cells for VWF, alveolar type Il cells for pro-SPC, and pulmonary artery smooth muscle cells for a-SMA. Original magnification was x100.
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Fig. 2. Assessment of cell viability by MTT. Primary human lung fibroblasts
were treated with TGF-1 (10 ng/mL) and various concentrations of rapa-
mycin (0.01, 0.1, 1.0 and 10 ng/mL). No difference was found in viability be-
tween cells treated with rapamycin and TGF-B1 for 24 h and untreated cells
(p>0.05). There was also no differernce between TGF-B1 group and the un-
treated group (p>0.05). Data are representatives of 3 independent experi-
ments. TGF-B1, transforming growth factor B1.

bility values <0.05 were considered statistically significant.

RESULTS

Characterization of human pulmonary fibroblast
cultures
All primary human lung fibroblasts cells displayed typical

spindle-shaped morphology under a light microscopy (Fig.
1A) and stained positive for fibronectin, vimentin, and type
IIT collagen, but were negative for immunostaining with
monoclonal antibodies raised against von Willebrand fac-
tor, pro-surfactant protein C, and a-smooth muscle actin
(Fig. 1B), indicating no contamination with cells such as
pulmonary artery endothelial cells, alveolar type II cells, or
pulmonary artery smooth muscle cells. Fig. 1C shows posi-
tive control of pulmonary artery endothelial cells, alveolar
type II cells, or pulmonary artery smooth muscle cells. All
subsequent experiments were performed using subconflu-
ent quiescent cultures of fibroblast cells between passages 5
and 8 to maintain comparability.

Lack of cytotoxicity of rapamycin and TGF-f1

In this study, primary human lung fibroblasts were used in-
stead of transformed cell lines. To ensure that the inhibition
of collagen level was not due to cytotoxicity of rapamycin,
primary human lung fibroblasts were incubated for 24 h
with rapamycin concentrations ranging from 0.01 to 10 ng/
mL, and cell viability was determined using MTT assay.
No difference was found in viability between cells treated
with rapamycin and TGF-B1 for 24 h and untreated cells
(Fig. 2). TGF-B1 did not have any significant effect on pri-
mary fibroblast proliferation, consistent with the results of
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Fig. 3. (A) Rapamycin inhibits TGF-B1-induced type Ill collagen level in the culture medium of human lung fibroblast, evidenced by ELISA. Type Il collagen
level after 24-h incubation with medium alone (control), 0.01, 0.1, 1.0, and 10 ng/mL rapamycin and 10 ng/mL TGF-B1. No significant difference was found be-
tween different concentration groups of rapamycin. (B) Rapamycin inhibits TGF-31-induced fibronectin level in the culture medium of human lung fibroblast,
shown by ELISA. Fibronectin level after 24-h incubation with medium alone (control), 0.01, 0.1, 1.0, and 10 ng/mL rapamycin and 10 ng/mL TGF-B1. Values are
mean of three independent experiments. No significant difference was found between different concentration groups of rapamycin. *p<0.05 vs. control;
'p<0.05vs. TGF-B1 group. TGF-B1, transforming growth factor B1.

15 125 .
* ST
T
<Z): <Z,; 1.00 o
oc
Qé 10+ — — ! T E — *itt *
o ae
= = T 2 075 T wtd
3 2
8 s
E & 050
£ 05 g
) <
o [<5}
= 0.25
0.0 0.00
TGF-B1(10ng/mL) - + + + + + TGF-B1 (10 ng/mL) - + + + + +
Rapamycin (ng/mL) 0 0 0.01 0.1 1 10 Rapamycin (ng/mL) 0 0 0.01 0.1 1 10
A B

Fig. 4. (A) Effects of rapamycin on TGF-B1-induced gene expression of type Ill collagen in human lung fibroblasts, shown by real-time PCR. Type Ill collagen
mRNA expression after 24-h incubation with medium alone (control), 0.01, 0.1, 1.0, and 10 ng/mL rapamycin and 10 ng/mL TGF-B1. (B) Effects of rapamycin on
TGF-B1-induced gene expression of fibronectin in human lung fibroblasts, shown by real-time PCR. Fibronectin mRNA expression after 24-h incubation with
medium alone (control), 0.01, 0.1, 1.0, and 10 ng/mL rapamycin and 10 ng/mL TGF-B1. Values are mean of three independent experiments. *p<0.05 vs. control;
'p<0.05 vs. TGF-B1 group; *p<0.05 vs. 0.01 ng/mL rapamycin group. TGF-B1, transforming growth factor p1.

Eickelberg.?’ These results indicate that rapamycin is not  ferent concentrations of rapamycin.

cytotoxic toward pulmonary fibroblasts.

Rapamycin inhibits TGF-p1-induced type III collagen
and fibronectin mRNA level

The effects of rapamycin on TGF-B1-induced mRNA lev-

els of type III collagen and fibronectin in human lung fibro-

Rapamycin inhibits TGF-p1-induced type III collagen
and fibronectin level of human lung fibroblasts
To determine the effects of rapamycin on ECM level in hu-

man pulmonary fibroblasts TGF-B1-induced type III colla-
gen and fibronectin levels were examined by ELISA. As
shown in Fig. 3, TGF-B1 (10 ng/mL) increased type III colla-
gen and fibronectin by 66% and 39%, respectively (p<0.05),
while rapamycin decreased TGF-B1-induced type III colla-
gen and fibronectin level up to 53% and 40%, respectively
(p<0.05). No significant difference was found among dif-

blasts were investigated by real-time PCR (Fig. 4). TGF-$1
increased type III collagen and fibronectin mRNA levels by
27% and 14%, respectively (p<0.05), while rapamycin de-
creased TGF-B1-induced type III collagen mRNA levels by
up to 37% (p<0.05) and TGF-B1-induced fibronectin mRNA
level by up to 47% (p<0.05). Furthermore, rapamycin (es-
pecially at higher doses) was found to significantly reduce
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fibronectin mRNA to a much lower than no-TGF-B1 base-
line level (p<0.05), suggesting that rapamycin inhibits basal
levels of fibronectin also (Fig. 4B).

Rapamycin inhibits TGF-p1-induced mTOR and
p70S6K phosphorylation

To determine whether the inhibition of rapamycin on TGF-
B1-induced matrix proteins in human pulmonary fibroblasts
was through the mTOR-p70S6K pathway, phosphorylation
levels of mTOR-Ser2448 and p70S6K-Thr389 in human
lung fibroblasts were determined by Western blot. As shown
in Fig. 5, treatment of the cells with 10 ng/mL TGF-B1 in-
creased mTOR-Ser2448 and p70S6K-Thr389 phosphoryla-
tion levels by 50% and 300%, respectively. Rapamycin sig-
nificantly down-regulated TGF-f1-induced mTOR-Ser2448
and p70S6K-Thr389 phosphorylation (at most 83% and
67%, respectively, p<0.05). The inhibition occurred in a
dose-dependent manner. In addition, rapamycin (especially
at higher doses) was found to significantly reduce mTOR
mRNA to a much lower than no-TGF-B1 baseline level
(Fig. 5A), suggesting that rapamycin inhibits basal levels of
mTOR also. These data suggest that the mTOR pathway is
activated in human pulmonary fibroblasts in response to
TGF-B1 stimulation, and that rapamycin can inhibit TGF-
B1-dependent mTOR signaling.
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DISCUSSION

We demonstrated in the present study that rapamycin di-
rectly reduced the TGF-f1-enhanced extracellular matrix
(type III collagen and fibronectin) levels and mRNA levels
in primary human lung fibroblasts.

Furthermore, we showed that rapamycin exerted a clear
effect on the TGF-B1-induced fibrosis model, demonstrat-
ing antifibrotic effect of rapamycin on primary human lung
fibroblasts. Previous in vitro studies showed that rapamycin
could inhibit extracellular matrix level in normal mouse fi-
broblasts or cell lines: rapamycin (0.01 ng/mL) inhibited
mesangial cell type IV collagen level, a major component
of mesangial matrix.** In addition, rapamycin has been
shown to reduce total type I and III collagen production of
transformed fibroblast cell lines in a time- and dose-depen-
dent manner, and to decrease COL1A1, COL1A2, and CO-
L3A1 mRNA steady-state levels by decreasing mRNA sta-
bility, and exerting direct antifibrotic activities that affect
both matrix production and degradation by fibroblasts."

Activation of the Akt-mTOR-p70S6K signaling pathway
occurs in epidermal growth factor receptor-mediated pul-
monary fibrosis.!! Effects of rapamycin on different phos-
phorylation sites in the mTOR/p70S6K pathway have been
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Fig. 5. (A) Effects of rapamycin on TGF-B1-induced mTOR-Ser2448 phosphorylation in human lung fibroblasts, shown by Western blotting. mTOR-Ser2448
phosphorylation after 24-h incubation with medium alone (control), 0.01, 0.1, 1.0, and 10 ng/mL rapamycin and 10 ng/mL TGF-B1. Differences are apparent be-
tween the different rapamycin concentration groups (p<0.05). The densities of protein bands were normalized against B-actin and expressed as a ratio.
Values are expressed as mean+SEM of three independent experiments. (B) Effects of rapamycin on TGF-B1-induced p70S6K-Thr389 protein production in
human lung fibroblasts, examined by Western blotting. p70S6K-Thr389 protein production after 24-h incubation with medium alone (control), 0.01, 0.1, 1.0,
and 10 ng/mL rapamycin and 10 ng/mL TGF-B1. The densities of the protein bands were normalized against B-actin and expressed as a ratio. Values are ex-
pressed as mean=SEM of three independent experiments. *p<0.05 vs. control; 'p<0.05 vs. TGF-B1 group; *p<0.05 between two groups. TGF-B1, transforming

growth factor f1; mTOR, mammalian target of rapamycin.
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investigated, specifically to explore the action of the drug in
TGF-B1-induced fibrosis. In the present study, we showed
that rapamycin reduced the mTOR-Ser2448 and p70S6K-
Thr389 phosphorylation levels that occurred in parallel with
the effects of rapamycin on collagen type III and fibronec-
tin protein and mRNA levels of primary human lung fibro-
blasts. However, no effects were observed on S6K phosphor-
ylation at 0.01 ng/mL (Fig. 5B), a dose at which collagen III
and fibronectin secretion in culture medium was inhibited
(Fig. 3). The finding shown in Fig. 5B was confirmed by
the gene expression of COL3A1 mRNA (Fig. 4A). Similar
results were reported by Lock, et al.;** no effects were seen
on S6K phosphorylation at 0.01 ng/mL, a dose at which col-
lagen IV secretion was inhibited (in mesangial cells). Differ-
ent results can be due to different sensitivitiy of the assays.
Rapamycin inhibited the mTOR/p70S6K pathway in a dose-
dependent manner. However, the effect on collagen type 111
and fibronectin secretion did not occur in a dose-dependent
manner, and the reason remains unclear. At this point, a ques-
tion arises whether downstream proteins of the mTOR path-
way, such as protein phosphatase 2A or protein kinase C &
affect collagen type III and fibronectin synthesis or not? Fur-
ther experiments are needed to clarify this. Nevertheless, our
results suggest that rapamycin works partly through the
mTOR-Ser2448/p70S6K-Thr389 pathway in TGF-f1-
induced fibrosis. Taken together, possible mechanisms of
rapamycin-inhibition of TGF-B1-induced collagen secretion
is suggested as below. First, TGF-B1 increases collagen
gene and protein expression through the mTOR/p70S6K
pathways. Second, rapamycin-induced activation of the c-
Jun N-terminal kinase antagonizes TGF-B1-induced collagen
gene expression by preventing Smad/DNA interaction and
related gene expression. >332

TGF-B1-induced human pulmonary fibroblast activation
was used as a model of pulmonary fibrosis i vitro, because
TGF-B1 is recognized as a key cytokine in the formation
and development of IPE." TGF-B1 influences collagen at
the level of transcription and translation.®* Thus, TGF-§1
increases collagen mRNA, resulting in the increase of col-
lagen synthesis.* In addition, TGF-B1 decreased collagen
degradation by selectively inhibiting collagenase synthesis.
Although TGF-B1 had no effect on human lung fibroblast
proliferation in this study, TGF-1 increased the secretion
of collagen III and fibronectin in lung fibroblasts. These re-
sults are consistent with a previous report and confirm the
role of TGF-B1 in promoting fibrosis.?” In our study, TGF-B1
increased pmTOR-Ser2448 and p70S6K-389Thr expres-

sion, suggesting that TGF-B1 increases collagen gene and
protein expression through mTOR/p70S6K pathways. In
addition to the inhibition of exogenous TGF-B1 response,
rapamycin (especially at higher doses) reduced fibronectin
mRNA and mTOR-Ser2448 phosphorylation to a much
lower than no-TGF-B1 baseline level, suggesting that there
may be endogenous TGF-B1 activity which maintains the
expression of fibronectin mRNA and mTOR-Ser2448 phos-
phorylation at certain levels.

In conclusion, the mTOR/p70S6K pathway is activated
in TGF-B1-mediated fibrogenic response of primary human
lung fibroblasts. Thus, rapamycin may effectively inhibit
TGF-B1-induced type III collagen and fibronectin levels
partly through mTOR/p70S6K pathway. These results indi-
cate potential value of rapamycin in the treatment of pul-
monary fibrosis.
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