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Abstract: This study was to determine the expression of the cell cycle inhibitor p21 in alveolar macrophages
(AMs) and the role of p21 in activation of AMs in bleomycin (BLM) injury-induced lung fibrosis. The expression
of CD206 in AMs was measured by immunofluorescence staining. Reverse transcription-polymerase chain reaction
(RT-PCR) assay was used to detect the expression of macrophage activation markers. The coculture assay for
macrophage and fibroblast was employed to explore the effect of macrophage on fibroblast activation. Immunofluo-
rescence staining and western blotting assay were adopted to detect the expression of p21 in fibrotic tissues. AMs
were treated with p21 knockdown or overexpression virus, RT-PCR and the co-culture system were used to explore
the effect of p21 expression on macrophage activation. The Experimental Animal Welfare Ethics Committee of the
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Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union Medical College approved
all of the protocols for this research. Our results showed that the expression of CD206 and macrophage activation
markers was increased in AMs from fibrotic mice, indicating that AMs from fibrotic mice were associated with a
profibrotic phenotype. Moreover, the expression of p21 was upregulated in AMs after BLM treatment. Depletion of
p21 suppressed macrophage activation, while overexpression of p21 promoted the profibrotic phenotype of AMs
from healthy mice. In summary, BLM injury causes the progressive accumulation of p21 in AMs, which induces
the production of a number of profibrotic factors promoting the development of pulmonary fibrosis.
Key words: lung fibrosis; macrophage; p21; fibroblast activation; bleomycin injury
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1L10) F1%% 4k A4 K 5 -1--p (transforming growth factor-4,
TGF-p), T EZ H5HHAMBEMEEN. KEWNFIE
52, B AR TS Ak 1) B R 40 K AR E T 4R 4 2R,
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Al); KA (A S — AR ), PCRACHI 2 ) € &
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mini A4 2 4t (3% EE A B AA A, WO R A B
B (H A B 7 2 \)); i =4 i 43 B4 (36 1 BD 2
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¥ C57BL/6I /B (HEYE, 6 A %%) I B 7 V1A
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55 24 Bt 22 Bg 25 W0 HE 52 BT SPF 4% S 56 S 4 JF e 4% it 2%
Gt. FA BN e s i 2 Hh [ R S R B 2 W0 LR
SIS AR R RN S A8 B K

MRIFNKT 4 kE 75 DMEM . RPMI-1640. i3
A4 1fiL 7% (fetal bovine serum, FBS) J 75 4 55 % VR & W
(Gibco 2 wl); i BR 1ok 5 2 (b it B A2 4 = 24 LB
A BRAA]); /N B p21 B3 fE ftf& (Santa Cruz Biotech-
nology 2~ wl); /N R a-F- ¥ WLLZ) & E (alpha-smooth
muscle actin, a-SMA) Fifk (1 8 Y) A =), WER
Jik (Cell Signaling 2~ 7]); F4/80 (Abcam 2 7]); CD206
(BioLegend A #]); T AL E I (Corning A #1); 8 &
Eh 2% WA TR (phosphate buffer saline, PBS) (b &= 4l T.
YR B A 7); TransZolUp 1 EasyScript One-Step
gDNA Removal and cDNA Synthesis SuperMix (1t 5 4x
N&EVHARABR A 7]); RIPA (radio immunoprecipita-
tion assay) 24 f# % A1 BCA (bicinchoninic acid) & [ it
ME R & B o REARA R A F]); KAPA SYBR i
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& AR & (KAPA B ARA IR A #]); p21 Jdh 3k Fl pg Ik
Wi (EAMHEARERAH).

FERE B ENEES T BLM RIS S
INBROR AT IS 4T 44 . 400 mg-kgt = IR 2l
Jis T SR R I /N B o S R TR 0 R 1K 50 L 1) BLM
(1 U-kg™h) B2, EE 6K, BIXBIZ AR 14 K.

Western blot SE3&  HUHT 6 20 A e 4121, In N —
TERF S A B A BN H17) [4-(2-F 45 AR I R AR R
B HIIKES HD KA SRR L B B E AN- R C-3R
AR -L--2 = IR -4- MU T BE %, Selleck 2 &]] 12K
FH L % 5% 90 (phenylmethylsulfonyl fluoride, PMSF) ]
RIPA 24, vK %%, 30 min J&, 12 000 r-mint & 0>
30 min. W4E biER, e L AR U Rk T e &, N
A 5xloading buffer, - 98 °C7A& £ 10 min, B 10 uL FF¥f,
HEAT SDS- 5% TR I Tk frie 45 J12 FEL VK - 26 L, 5% It IR W5 4
B30 minf5, —Pu4 °CiFF L&, X H H TBST (Tris-
buffered saline and tween 20) ¥ e/ 3 Y& (10 min/ik),
N 90, =i E 2 h, TBST ¥ % 3 X (10 min/ik),
#£4T ECL (electro-chemi-luminescence) i 5 34118 .
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PBS ¥t 3%, 0.5% Triton X-1003% 1t 20 min, PBS i 1 3
K, 3% 4 1% A & A (albumin from bovine serum,
BSA) = iR [41 30 min, A a-SMA — 5t il 57 i F R
%6 & (fluorescein isothiocyanate, FITC) 45 it it %2 2E
FRAK (1:100), 4 °CHF & i 72, PBS i ¥ 3 K (5 min/ik),
TN BLf — 4T (1:200), = iRE M E 2 h, PBSTE VL
3K (5 min/ik), & 4,6- —Jpk 3 -2- 2 JL 15|k (4',6-
diamidino-2-phenylindole, DAPI) [ & /i 71 338 47 3}
9t BB M I IR

R SEie (ZHEREERER) K mL 4l
R ECR 2% 1054 1) JEL AR/ BRI e A7 44 i Bl 5 1 &Y
MEREEHA 3mg-mLY) LL2 1L BIR A 5, #
Tl T 24 FUAR A8 JRLLE 37 °C R EE 1 h, {5k 14 2
5 fLEE4r 8, I\ 500 pL 7 5% FBS [¥) DMEM %5 %
A1500 pb Ji AR il 6L 0 4 B 1 B % R3S, T 37 °C.
5% CO, %11 T L% 9%, 48 h J A 45 Bk e 4%, I8
Image J #5258 f T AR

RAMEAR D HEFREFZEHME T, T
400 xg 20> 5 min; JIN 8 5 R, =I5 8% F 20 min,
400 xg & 5 min, & ¥ ; PBS i ¥ 3 7k, ] 100 pL
PBS 241 iY, i A /)R F4/80-PE Fil/)s i CD206-FITC
oAk, vk b8 YL 5 45 min; PBS ¥ ¥k 3 X JF 5 B 4
Ff, P ot A s i

FRERAUEMME T E KRN RALSE, 4TI

0 Jlas, SRVEX e Bt 2 21, 2 B AU RN Al L 2, F it 4
ZURA 1.5 mL B0 &, I 1 mL DMEM ¥ 58, HI8Y
JIH B, T 300 xg &5 0 15 min, 7 L3, YiiE B A
J&, 48 T 10% FBS () DMEM 5 3£ w1, 37 °C.5% CO, 1%
5 KRG, MMRHAT LA

BB MM SE R AR AL SE, BT
LA, 28 AE, FHATAUERE . OIRL mL AR
FhK, S 3 X, K R RE VAR TR L
Hh, B R AR LR KSR 1 i IR E VR T 300 xg
250 15 min, 3¢ b3, UOUE E RS, fl T 10% FBS (1)
RPMI-1640 55 3£ v, 37 °C.5% CO, 1% 7% 1 h, £ 4 i Il
BE 5 H

RNAREFER PCR @O 41/ RNAFREC H
PBS & P4 j5, ¥ TransZolUp 30N E 48 i b, ik
B A it I 303 e £ 20 B 78 43 AR IS NS0T iR e TR &,
#+# 5 min, T 4 °C.10 000 xg & 0> 15 min, B Ei&E R E
BrE OB T, IR — 8 Lo ) e R, BEITR A,
#4 & 10 min, 4 °C.10 000 xg 0> 10 min, & _EiF, A
SEARFR I 75% £ BF, 4 °C.7 500 xg 250> 10 min, 7 _Fi,
=R T )5, J RNase-free 7K, & 5 min, 10 000xg &
L5 minF, MERNAKSE; @ RNAILH 5 cDNA:
22 R 4 e 0 e s R & Ul I B 47, @ 8 & PCR
(quantitative-PCR, g-PCR) Jx ¥ : Jx /& % (20 pL) 4
F: SYBR Premix ExTaq TM 10 puL, £ & 1 /K 6 uL,
TG 1 ul, B cDNA 2 ulo 514 it 5t 3R g
WAV AR A A A A R 50 R Tgf-p1 forward
(F): 5'-GACATTCGGGAAGCAG-3'; Tgf-p1 reverse (R):
5'-CCACTCAGGCGTATCAG-3'; KT AEX Ik srF 1
(found in inflammatory zone 1, Fizz1) F: 5-GAACTTC
TTGCCAATCC-3'; Fizzl R: 5-GAACTTCTTGCCAAT
CC-3,; JL T Ji M # Z& [ 3 (chitinase-like protein 3,
Chil3) F: 5-TCCTCAGAACCGTCAG-3"; Chil3 R: 5'-
GAGTAGCAGCCTTGGA-3; 1110 F: 5-GGGGCCAGT
ACAGCCGGGAA-3; 1110 R: 5-CTGGCTGAAGGCA
GTCCGCA-3'; 15 5 & T K ¥ 3 WOid & B 6 (signal
transducer and activator of transcription 6, Stat6) F: 5'-
ACGACAACAGCCTCAGTGTGGA-3'; Staté R: 5'-CA
GGACACCATCAAACCACTGC-3'; 15 516 5 K ¥ 3%
P 2 9 3 (signal transducer and activator of transcrip-
tion 3, Stat3) F: 5~AGGAGTCTAACAACGGCAGCCT-
3; Stat3 R: 5-GTGGTACACCTCAGTCTCGAAG-3;
T4t & 1 %[5 T 4 (interferon regulatory factor 4, Irf-4)
F: 5-GAACGAGGAGAAGAGCGTCTTC-3"; Irf-4 R:
5-GTAGGAGGATCTGGCTTGTCGA-3; # x* I F
CCAAT ¥ 58 7 45 & 2K 1 f (CCAAT/enhancer binding
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protein 4, Clebp-f) F: 5-CAACCTGGAGACGCAGCA
CAAG-3'; Clebp-p R: 5-GCTTGAACAAGTTCCGCA
GGGT-3'. P ik i Wi #2 i 1 95 °C T 4Z £ 30 s,
95 °CAE 5 s, 60 °CIR K AL AH 30 s, 1 1 H 40 I
DL H i 1 -3- 1 2 i 205 (glyceraldehyde-3-phosphate
dehydrogenase, Gapdh) 1F 5 2, # Ct1{ #% l1E 2-05¢t
JIEREAT Wb B

GHitZ 54 11 Graphpad Prism 5 %5 it 7 %
P HEAT B8 g8 At 5, 3k L B R S G 3R A5
¥ #% ] mean + standard error of mean (SEM) % x~,
Student's t o 46 93 4L 1) 24 1) 35 1k 22 S, R AR 3R
J7 743 ¥ (one-way ANOVA) 15 56 22 41 8] ) i 2 M %=
5, BEMLS R L P<0.05.P<0.01 8¢ P<0.001 £ 7K~ .
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fR 28 X 2 1N (B 1A, BA R AW i) 1% 5 % P 5 Fizzd

Chil3. 1110 £ Tgf-A1 it mRNA /K 7 i 2 32 & (K 1B).
I H, M B T AL B R M S 1 /N BT 4E
AL FRAR R, 45 TR, S B g g s 7%
J&i , a-SMA B 1 f UL R £ 4 41 A 4 e % B 55 35 48 0
(E1C), IR e 4i e 773 5 (K1 1D). LA b2 Rtk —38
TIE S8R B 2 453477 5 B0/0N BRI v 1500 20 i 52 A1 2T 4
A,
2 FhFE/ R AT EE N AR b p21 Rk N

L SCRRPUIRIE p21 2 55 0 40 P 3% 1 3R 5
BT p2 L TENG AT AL R VR L, B Se A T p21 B A
TE i 0 15 Wt 4 v 1) IR AR Ak . g S e 4 R UK,
55tk R AL AR L, A28 260 /0 BRI 96 5k 40 P 0k ik 25 3
I (BI2A). Western blot S5 453t 7 — By 45 3 (&
2B). DL R4S, HEoRE R0 S BUMIE E Vg i
i p21 B R IEH N .
3 BRIK p2l ittt A E R ARAR A (R AT 4 (L R A

IR T 21 & 15 2 15 il 4F 4 b R i F2 op
YN f AR 2T 4 b 3R AL 1 B Ak, {3 p21 R R O B Ab
R £ o A /s B0 i v 5 e 4 AR R AT AR I . R
RT-PCR 25 43 il 7R, R p21 w40 ) W 40 i 75 1k
bri&E H CD206 3814 (Bl 3A), B Fizz1.Chil3.1110
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Figure 1  Alveolar macrophages (AMs) associate with a profibrotic phenotype in pulmonary fibrosis (PF). A: Confocal images showing

the expression of F4/80 and CD206 in lung tissues from fibrotic mice. Scale bar, 50 um; B: Quantitative analyses of mRNA levels of found

in inflammatory zone 1 (Fizz1), chitinase-like protein 3 (Chil3), interleukin-10 (1110), and transforming growth factor-1 (Tgf-A1) in alveolar

macrophages from wild type (WT) mice and multiple bleomycin (mBLM)-challenged mice; C: The experimental scheme for detecting the

communication of alveolar macrophages from PF mice and primary lung fibroblasts; D and E: The activation of lung fibroblasts was evaluated

by the expression «-smooth muscle actin («-SMA) (D) in primary fibroblasts and the fibroblast contractility in 3-dimensional collagen

matrices (E). Scale bars, 25 um (D) and 5 mm (E). n = 3, mean % standard error of mean (SEM). "P < 0.001 vs vehicle
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Figure 2 The expression of p21 increases in AMs during PF. A: Confocal images showing the expression of F4/80 and p21 in lung

tissues from BLM challenged mice. Scale bars, 50 um; B: Quantitative analyses of p21 expression in AMs from mouse lung tissues after

mBLM injury. glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a loading control. n = 3, mean = SEM. "P<0.05 vs vehicle
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Figure 3 Depletion of p21 suppresses macrophage activation. A: The expression of CD206 in alveolar macrophages from mice with PF
was evaluated with flow cytometry after p21 knockout adenovirus treatment; B: Quantitative analyses of mRNA levels of Fizz1, Chil3,
1110, and Tgf-A1 in alveolar macrophages from BLM-challenged mice after p21 depletion. n = 3, mean + SEM. "P<0.01, ""P<0.001 vs
Con-shRNA. Iso: Isotype antibody; FITC: Fluorescein isothiocyanate; Con-shRNA: Control short hairpin RNA; P21-shRNA: p21 short

hairpin RNA

1 Tof-p1 ) mRNA 7K (8 3B), 7= p21 2 51 i fili
T E WA EE AL . BEAh, R RIS p21 il i Bk 4
F5 BT i L 1 7R 0 45 R R (] 4A), 50 R
B AL T 1Y) B R0 B A EL, WIS p22 ) B 4 e T
BEAIC o-SMA BH I (1 LR 2T 4 4 B 4t i £ 5 (1 4B), 1
i1l B 2T 24 20 1) I R e A e 0 (14C) . DL RS RER
B, WA p21 W T A i 28 4 Al /) BRI VL 15k 4 ) 412
YR,
4 IFRIE p2L (R EE MR TEN
DNk — RN 21 Xof fili v M 2 B v A 0 1 AR
FH, 08 7 TR H /N BRI B 4 L, i p21 il KA
TREETIALEE . 45 BB oR, i R4 p21 W] 35 1 n B R4
Jf 3% Ak A & I 7 Fizzd L Chil3. 1110 AT Tgf-41 () mRNA
K (BEI5A). Ak, H5 1240 M0 -5 15 H /IS B0 il i 41 4

Y B 7% (KI5B), 45 R moR, 5% HE it 6 06 44 Ffa A
Eb, 323k p21 f it [ e 4 i S 5 4R e i T 4 40
TEA, RILTE a-SMA BH 1 IR LR 21 24 4 Mt 240 Ffa 4 H 1
I (K 5C), Jl 21 24 4 i i 1 s Wi 4 fie /g 3 5ie (11 5D).
Db g5 AR R, o ek p2d AT HE Al e 0 4 A2 4T
PRI AL
5 p2lifiEidSEREMENINEREFIIRIZ
NERFT p21 anAe] R 45 B AR B TS AL, AT T e
P21 I FIA KT 22 Bl 60 TR 4 15 4 BT A 1) 2 S R
TRIEWFEW . 450 EIR, 1 3RE p21 vl BI04z B g4
i 355 Ak % 5% IR 7 1rf-4., Stat6 . Clebp-4 1 Stat3 ) mRNA
KT (B 6A); M, R p21 7l 8 3 FAR Rk P15 A
) mRNA 7K1 (K 6B). 45 Rikor, p2l il id # in 2 #h
kT IRIEE S E VR (e A 4R AL
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Figure 4 p21 knockdown in AMs suppresses fibroblast activation. A: The schematics of the co-culture approach. Mouse AMs isolated

from BLM-exposed WT mice were first treated with p21 knockout adenovirus, and then co-cultured with primary mouse fibroblasts for

the indicated time; B and C: The activation of lung fibroblasts was evaluated by the expression of a-SMA (B) in primary fibroblasts and

the fibroblast contractility in 3-dimensional collagen matrices (C). Scale bars, 25 pm (B) and 5 mm (C). n = 3, mean £ SEM. "P<0.01 vs

shControl (control short hairpin RNA). shP21: p21 short hairpin RNA
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TSR B 21 I B0 /)N Bt s 21 2 A A5 7Y S 5 o P D
LR AEAL AR, R B Z B0 SRS AORE SN, A H
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3K, FEIZL I Z G, JOAEH IR I DT 44k i 2
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SR, WIE 7 A DA R B B £ A fE 40 4 45 KA 2
S E RN IBAIRE o T 2 KR B 2R 4005 I 8014 i
YRR, FE B — KT R B 3V 5 10 JA, 27 4k
WASFFEE, XKW HAL TR LT EAIRTE . B, A
M RAETL D, AT G 27 Al B (1 BEARS s 23, I A
ORI AT UAE NATTER N T A £ 4 AL 1 1 P £ 2 AL i

B, RAE A 1k F A it A7 4R A5 A Bk = 1), R, AR
FAL TR AR AR AR 1) 2 IR R B 3
B,

MR, il 41 AE AL A RN ESE 2 AW BTt
B, R JBIA Je A Ak Ak Je B Ok 58 [ £ 5 24 5
B H# F (Food and drug administration, FDA) #it 1
Tl 4T 44k IR 9T, AH X 2 Fh 25 W B A fE 2E 22 it 2T 4
TR, FEAS BRI i 2 4 A4 1) s B8 LU 24, R BT
FUUESE, F R T il 25 2 1) 4 2 200 i R 52 453 b B 4 i
3 U 1) 22 TR 21 A A 1) 248 e DAL 0 AR K TR = A
KL ST 4 50 ) B 200 i 4% A 1l JUL RS 2T 44 4 i ) 2 L
5T, Rt (i 1 2 2 A 1 J 2 R R 9, il 41 4E
A ZH 23 W A A3 I S A7 AE T3 4 1A UL ke 21 44 4
O PR T L, e i 2E 2308 P 98 E R DR . it 41 44K 2H 21
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Figure 5 p21 overexpression in AMs promotes fibroblast activation. A: Quantitative analyses of mRNA levels of Fizz1, Chil3, 1110, and

Tgf- 41 in alveolar macrophages from mBLM-challenged mice after p21 overexpression; B: The schematics of the co-culture approach.

Mouse alveolar macrophages isolated from phosphate buffer saline (PBS)-exposed WT mice were first infected with p21 overexpressing

adenovirus, and then co-cultured with primary mouse fibroblasts for the indicated time; C and D: The activation of lung fibroblasts was

evaluated by the fibroblast contractility in 3-dimensional collagen matrices (C) and the expression of «-SMA (D) in primary fibroblasts.
Scale bars, 25 pm (C) and 5 mm (D). n = 3, mean + SEM. "P<0.05, "P<0.01, ""P<0.001 vs Ad-Con (control adenovirus). Ad-P21: p21 over

expression adenovirus
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Figure 6 p21 regulates the expression of transcriptional factors inducing macrophage activaiton. A: Quantitative analyses of mRNA levels
of Irf-4 (interferon regulatory factor 4), Stat6 (signal transducer and activator of transcription 6), C/ebp-g (CCAAT/enhancer binding protein

£), and Stat3 (signal transducer and activator of transcription 3) in alveolar macrophages after p21 overexpression; B: Quantitative analyses
of mRNA levels of Irf-4, Stat6, C/ebp-£, and Stat3 in alveolar macrophages after p21 knockdown; C: The graphic abstract of this study.
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