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Role of PI3K/Akt/mTOR pathway-mediated macrophage
autophagy in affecting the phenotype transformation of

lung fibroblasts induced by silica dust exposure

DU Yue, HUANG Fangcai, GUAN Lan, ZENG Ming

(Department of Health Toxicology, Xiangya School of Public Health, Central South University, Changsha 410006, China)

ABSTRACT

Objective: The phosphoinositide 3-kinase/protein kinase B/mammalian target of
rapamycin (PI3K/Akt/mTOR) pathway is one of the main signaling pathways related to
autophagy. Autophagy plays a key role in the formation of silicosis fibrosis. The
phenotypic transformation of lung fibroblasts into myofibroblasts is a hallmark of the
transition from the inflammatory phase to the fibrotic phase in silicosis. This study aims to
investigate whether the PI3K/Akt/mTOR pathway affects the phenotypic transformation of
silicosis-induced lung fibroblasts into myofibroblasts via mediating macrophage autophagy.

Methods: The human monocytic leukemia cell line THP-1 cells were differentiated into
macrophages by treating with 100 ng/mL of phorbol ester for 24 h. Macrophages were
exposed to different concentrations (0, 25, 50, 100, 200, 400 pg/mL) and different times (0,
6, 12, 24, 48 h) of SiO, dust suspension. The survival rate of macrophages was measured
by cell counting kit-8 (CCK-8) method. Enzyme linked immunosorbent assay (ELISA) was
used to measure the contents of transforming growth factor-pl1 (TGF-1) and tumor necrosis
factor-a (TNF-a) in the cell supernatant. The co-culture system of macrophages and HFL-1
cells was established by transwell. A blank control group, a SiO, group, a LY294002 group,
a SC79 group, a LY294002+SiO, group, and a SC79+SiO, group were set up in this
experiment. Macrophages in the L'Y294002+Si0O, group were pretreated with LY294002
(PI3K inhibitor) for 18 hours, and macrophages in the SC79+SiO, group were pretreated
with SC79 (Akt activator) for 24 hours, and then exposed to SiO, (100 pg/mL) dust
suspension for 12 hours. The expression of microtubule-associated protein 1 light chain 3
(LC3) protein in macrophages was detected by the immunofluorescence method. The
protein expressions of PI3K, Akt, mTOR, Beclin-1, LC3 in macrophages, and collagen I1I
(Col III), a.-smooth muscle actin (a-SMA), fibronectin (FN), matrix metalloproteinase-1
(MMP-1), tissue metalloproteinase inhibitor-1 (TIMP-1) in HFL-1 cells were measured by
Western blotting.

Results: After the macrophages were exposed to SiO, dust suspension of different
concentrations for 12 h, the survival rates of macrophages were gradually decreased with
the increase of SiO, concentration. Compared with the 0 pg/mL group, the survival rates of

macrophages in the 100, 200, and 400 pg/mL groups were significantly decreased, and the
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concentrations of TGF-f1 and TNF-a in the cell supernatant were obviously increased (all
P<0.05). When 100 pg/mL SiO, dust suspension was applied to macrophages, the survival
rates of macrophages were decreased with the prolonged exposure time. Compared with the
0 h group, the survival rates of macrophages were significantly decreased (all P<0.05), the
concentrations of TGF-B1 and TNF-a in the cell supernatant were significantly increased,
and the protein expression levels of Beclin-1 and LC3II were increased markedly in the 6,
12, 24, and 48 h groups (all P<0.05). Immunofluorescence results demonstrated that after
exposure to SiO, (100 pg/mL) dust for 12 h, LC3 exhibited punctate aggregation and
significantly higher fluorescence intensity compared to the blank control group (P<0.05).
Compared with the blank control group, the protein expressions of Col III, FN, a-SMA,
MMP-1, and TIMP-1 in HFL-1 cells were up-regulated in the SiO, group (all P<0.05).
Compared with the SiO, group, the protein expressions of PI3K, Akt, and mTOR were
down-regulated and the protein expressions of LC3II and Beclin-1 were up-regulated in
macrophages (all P<0.05), the contents of TNF-a and TGF-B1 in the cell supernatant were
decreased (both P<0.01), and the protein expressions of Col III, FN, a-SMA, MMP-1, and
TIMP-1 in HFL-1 cells were down-regulated (all P<0.05) in the LY294002+SiO, group.
Compared with the SiO, group, the protein expressions of PI3K, Akt, and mTOR were up-
regulated and the protein expressions of LC3II and Beclin-1 were down-regulated in
macrophages (all P<0.05), the contents of TNF-o and TGF-B1 in the cell supernatant were
increased (both P<0.01), and the protein expressions of Col III, FN, a-SMA, MMP-1, and
TIMP-1 in HFL-1 cells were up-regulated (all £<0.05) in the SC79+Si0O, group.
Conclusion: Silica dust exposure inhibits the PI3K/Akt/mTOR pathway, increases
autophagy and concentration of inflammatory factors in macrophages, and promotes the
phenotype transformation of HFL-1 cells into myofibroblasts. The regulation of the PI3K/
Akt/mTOR pathway can affect the autophagy induction and the concentration of
inflammatory factors of macrophages by silica dust exposure, and then affect the phenotype
transformation of HFL-1 cells into myofibroblasts induced by silica dust exposure.

silica dust; lung fibroblasts; myofibroblasts; macrophage autophagy; phosphatidylinositol-
3-kinase-protein kinase B-mammalian target of rapamycin pathway; transforming growth

factor-f1; tumor necrosis factor-o
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Figure 1 PMA induces THP-1 cell differentiation into macrophages

A: Cell morphology under an inverted microscope. After treatment with 100 ng/mL PMA, THP-1 cells differentiated from spherical

suspension cells to irregularly shaped adherent cells and grew pseudopodia. B: Percentage of CDI11b" cells detected by flow

cytometry. The percentage of CD11b" in THP-1 cells treated with 100 ng/mL PMA is significantly higher than that in the 0 ng/mL
PMA group (n=3, x+£s). *P<0.05 vs the 0 ng/mL group. PMA: Phorbol-12-myristate-13-acetate.
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Figure 2 Effects of SiO, on the cell viability and the secretion of inflammatory factors of macrophages (n=3, x+s)

A: Effects of various concentrations of SiO, on the cell viability of macrophages; B: Effects of various exposure times of 100 pg/mL

SiO, on the cell viability of macrophages; C: Effects of various concentrations of SiO, on the secretion of TGF-$1 and TNF-a by
macrophages; D and E: Effects of various exposure time of 100 pg/mL SiO, on the secretion of TGF-B1 (D) and TNF-a (E) by

macrophages. *P<0.05 vs the 0 pg/mL group or the 0 h group. SiO,: Silicon dioxide; TGF-f1: Transforming growth factor-B1; TNF-

o: Tumor necrosis factor-o.
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Figure 4 LY294002 promotes autophagy in macrophages and reduces the secretion of TGF-f1 and TNF-a via inhibiting
PI3K/Akt/mTOR pathway, and SC79 inhibits autophagy in macrophages and increases the secretion of TGF-f1 and TNF-a
via activating PI3K/Akt/mTOR pathway

A: Beclin-1 and LC3 protein expression level detected by Western blotting; B: PI3K, Akt, and mTOR protein expression level
detected by Western blotting; C: Content of TGF-B1 and TNF-a detected by ELISA. The data are represented as mean+standard
deviation (n=3). *P<0.05, **P<0.01 vs the blank control group; +P<0.05, 11P<0.01 vs the SiO, group. SiO,: Silicon dioxide; PI3K:
Phosphoinositide 3-kinase; Akt: Protein kinase B; mTOR: Mammalian target of rapamycin; LC3: Microtubule-associated protein 1

light chain 3; TGF-B1: Transforming growth factor-B1; TNF-a: Tumor necrosis factor-a.
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