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Research progress of endogenous bone marrow-derived mesenchymal stem cells

in pulmonary fibrosis
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Abstract: Pulmonary fibrosis is a chronic, diffuse, interstitial lung disease involving the pulmonary interstitium, alveoli, and bronchioles
caused by various causes. There is no effective treatment. Currently, exogenous bone marrow-derived mesenchymal stem cells (BM-
MSCs) transplantation has attracted much attention as a new stem cell therapy in the treatment of pulmonary fibrosis. Less attention
has been paid to the functional status of endogenous BM-MSCs during pulmonary fibrosis. Based on summary on the anti-pulmonary
fibrosis effect of BM-MSCs and its mechanism, this review further discusses the abnormal changes of bone marrow function in animals
with pulmonary fibrosis and the role of glutamate NMDA receptor overactivation in mediating the functional inhibition of endogenous

BM-MSCs induced by pulmonary fibrosis. This will provide potential ideas for finding effective treatments for pulmonary fibrosis.
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TEAE M £F 4EA0 R T T AR S AL, TG R 4F
YA 3t F2 P9 I BM-MSCs THERIRAS I 9T H b
BFFTARIE, N U5 BM-MSCs 1] 3 #% 31 453 45 35 67,
M 3 A P, 0 IR BM-MSCs 741
LU R R R A EER . AL
1E [ 38 BM-MSCs $uifi £F 44k A F Je AL i 3 itk
by R T AT 4R BN BE D) RE I AR
b, DA 2R NMDA 52 A3 8 S0 7 fili 4F 41k
B8R PE BM-MSCs Jhgeditil i S1EH, A
SR A A A BORTT B E 7 L

1 PeTeE et

i 2T YA = B R N AR IR D) RE,  RIWN+
W% HEATPERRWR R X, LB A o 155 0 it 452 3 )
H, IR IIREANWIGAL . LR o il AR AL RS
DRIAN B, 33X 2H 9203 R A ARe AR TR) 5 Mt 48 (idiopathic
interstitial pneumonia, 1IP), & &5 PE Mg H— K2k,
M TIP H g i AL FR) DA 4 4 A4 0 A R 3 BEER TE 5
() 952 9 72 5 R I Tl £ 4E 46 (idiopathic pulmonary
fibrosis, IPF)™, k5 2 (16 felt B i 2L 2 Uk K 52 6 4T 1
FEFHA, SFEGNAE TR, SR, &
A FHUERE IR LT .

fitivfe b JZ 41 A0 (alveolar epithelial cells, AECs) Jt.
Hot 1T Y AECs 18 M RF M E40 — BN N 2 i
FYefb R AR R IIESIIAT M. 351k ¥ AECs 4
WA P A B IR 5 R0 A E AT BT, A A AR K R -
(transforming growth factor-p1, TGF-B1), i K 7
BB - B AHEAE R, ATISEEE . WAL BET 4R
Jitl (fibroblasts)®™. fii A B £F 4 41 ffs £ TGF-B1 [ 1
F T K& 38 58 A0 73 A D9 L Ak 41 4 48 i (myofibro-
blasts). ULk 25 4k 40 i B A & B 3 48 . e A
HHAE S, RERENBFREA, W a- FHE UL
5] 25 A (a-smooth muscle actin, a-SMA) FlJ I & H
(Vimentin), & 7= A= 40 J 45 3 5 1 =8 522805 41 i,
e & U ) R IR U B A MR AR e A
TGF-B1 FI/EF N, AECs JRAl K4 R - [l i1k
(epithelial-to-mesenchymal transition, EMT), {# I %
b EWY) E- 55 %6 5 A (B-cadherin). fff 85 H (Keratin)
G RIS RS PEAC, TE AR EYIN- R R G
(N-cadherin), Vimentin., o-SMA. £ 4 7% 45 & A
(fibronectin) 25 () 35 AW 0 7. (L) BRET 4E 4
L Kk B T & TPF B 0 B A R,  HW
TRERE S BFH TG ALY, Rk, Bl EE

JI AT 4 240 i 1) 4 B AN 73 46 DL Rz AECs A EMT J2
s 1 4 A I3 Ak P RS T 2 240 P T R

2 EEERIRRVERRE A HE N D EMER

2.1 BrBEFEAE RS 4 40 RR R R P AR ST 4 R PR RO SRR
z_

it £ 24 L0973 e F D R 2T 24 440 i 7 ] SRR T 1 3
WA AEAR . AR G ) £ 4 40 i B A i T
O PR PR R S MR BR S (40 CD45S. CD34. CXCR4) Al
B8] J5T 41 Ff o S A5 & (U0 collagen-I. collagen-II1,
fibronectin), %15 4 I (40 i A 50 0.5% P 1
WA AT FE R, B R 1 2 4 41 w72 fili g 3%
TG AL R T (B CXCL12) IVER T 5 4
FURHALAEBAL,  FEXE LR SR I (T Bk A%
HEMEH. IRKRERER, IPFEHRINEM. 2
A MRES R H R P A gt 2, mHE
BETEARAE ", Shscibt SR, SENIE
WHRERIGE 2 K, MANALEMMBIATEE M, 5
8 KikFmils, B A 20 KGRI T iga ',
R 7 AR AT 2 A B R T PN RT 234X g AT 4 4
Y9 5 il P AT 4R 20% M, Rl AT 4R Ak g b b
FRATHEAH LRI — o
2.2 BM-MSCsE Bt A4 rER

B BE AN 7 A B A AR il 2 4 A AR I A 4E 2
M, AT A B BB A 4R AR A 0 TR 78 R T 40 B
(mesenchymal stem cells, MSCs). ‘& >RKIR 1 MSCs
#2 Mk 9 BM-MSCs. 1968 4F Friedenstein 25 1 X & i,
BM-MSCs, AilAi7 43L& 8+ 1) MSCs /&2 — KA
EE % VIR AT AR 3 EA: 2 11 TRl Y (e
AL SRYE T e AR 4, 5 G g 7 2 2R
7 1M, T BM-MSCs A& 140 i 6 77 - 35 2 1) 0F 50 00
g 090 3B SR MSCs 2 B4 = AN brifk 1
(1) 245595 T bR v 00 4L 2R 40 o 055 95 S5 AR i, SR DN s
A, B R YEGH R IR 25 R0 v B 3 A T R
715 Q) FEARAN AT 43 A0 TG DT A M. s B 4 AR
HYIM ; (3) FIAFELEA MR AR £ 50T, 41 CD29.
CD73, CD90. CDI105 %, 1fiiA3iA CD45, CD34,
CD14. CDI1b, CD79a. CDI19 il HLA-DR %5 £ [f
ST o MSCs b= Jug J5itE, AIfEMA AT 7
R, AR AL B E IR, BTN
F T 2 M 1 2RI FERIVE ST o B R () MSCs
EEBM, S EEEE 4IRS E01 0.001%~0.01%,
B RS A AT HEAT AR AN 18, FS NStk iy Y
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2003 4F, Ortiz 585 XHRE, EENS TIHEKRE
FOIGE AR 5 ST ED R K AT /) B BM-MSCs 1 {2 2 J 2
flieF e e U, BJE, AMEYE BM-MSCs B H7E
AN 7 P s 28 4 Ak 55 8 rp g OR 37 R 35948 31 58 U .
MSCs g it #E 5l FH T 646 2 PE M40 4% (acute lung
injury, ALI). IPF. 1% BHZE MMl . S8 il
RE A RS A I 22 Pt 85 0 1 T3 R e 1Y)
g iayT U

FEHS A R A, AR AE BM-MSCs #14 C
SRS T WA R, IF HAE 545 sh PRl b %
AU BIBAEA R R R K10, BT 3
N Tl 22 S DL IS RIS R AR A TR, AR
BM-MSCs #4480} T N3 1) 2 4 1t A AT 48 %2
Fise. BT, fElmARREEE PSR T 58H
FRIIA R £ TR 7, SMEE BM-
MSCs Bt H Ti697 E A B3, (e
(1) 6 19 8 B B A4 L, A 1R LI T il
B BRIt ™. AhEE BM-MSCs 1 th
A8 T S 28 G0 ek 35 R IR i 2B 8 i T 5 & e
FO RS,k A R 2O

SR, BN 78 R B BM-MSCs 1 40 {8 H
HALEF YA AE F I R ET R4 . 7E HCL 55 5 (1 i 45
kiR, 22 Wnt/B-catenin {5 538 I8 [ 505 7T 175
5 BM-MSCs 754k 9 AT 4E 41 g, MSCs #4834
B ot s A A AR Ak A2 B 7R UHHE S I 4T
YEAATY T, ELFAEAL AT #2 4 () BM-MSCs ]
G N AT 4 20 PR FR) 2% T8 O o R 4 AL AR B2,
WA CHkikiE, BM-MSCs 7] S a-SMA BHE
ILRET dE4n e ™, BSRVE T ok 55 2Rl 47 44k /)N
B I) BM-MSCs 7E 4441 5 5 234k R LT 4 s Y,
2.3 BM-MSCs#ift &4 41 R BOHLHI

HMIEE BM-MSCs #% f8 A1y — Fl 55 2 1) 248 fifd
STk E A A AR T PRI TIE R, S5k
[FiF, A 9% BM-MSCs $ufitfi 21 4E 40 A F (AL 52
W& AN RE. Bl w58 N, BM-
MSCs $i fili 21 4 A6 B AF AL 2 2RI A 8
AN S5 5 WA T RE o
2.3.1 A& LIhEE

SRR E, BM-MSCs A 5 5 45 52 45 () il 2L 21,
I F AR, FEReAR ok & R 4
YA B AR AL [ 98 RE S SR T Ak 22 U7, Akram
SENKIAE 3D B e E AT, 24 AECs
WG, BM-MSCs &7 R SR AIE R AL 11 2, #a
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6 IR -F 15 5 3l SDF-1/CXCR4 £ /1 5 BM-MSCs )
N Z VS E E Y g < R (o RN Gl NN R
b, XL RS B L B A2 45 i R A B 2 2 )
BM-MSCs AJ £ Wnt {5 5 &2 K1EH T 04 T8
AECs #2155 AECs {5 5 P72,
2.3.2 FE5ibIEE

A% BM-MSCs 7] |3 H 2181475 i) il 2L 2UF A A
A RE, (HIXSAERIEA . A RE LA
MSCs 0l £F 4EA IR AL 1) 3 EE R e 55 40 WA S50
BM-MSCs 1] 2% 11 8% 3% 3 (conditioned medium, CM)
FEAR AT e 19 0k 25 2% 5 - PR i 45 4 0 it 21 4 Ak
REGRIPIER, FERATREHRER BN
AS49 21 (N AR /N0 e b A ) 9 T
KEWF T E R, BM-MSCs 1] 4 ik % Fi 2E 43 1 [A]
T(E D () MRE T, AR 75 S E
1 6 (tumor necrosis factor-stimulated gene 6 protein,
TSG-6). Hif 4| If 2 E, (prostaglandin E,, PGE,). [
Y I/ 2% -10 (interleukin-10, IL-10). E4II/ 2 -1
ZARFEHF (interleukin-1 receptor antagonist, IL-1ra).
A PRI R BB T 524 -1 (soluble TNF receptor-1,
sTNFR1) &5, AT 40 i) 28 5E S B 5 (2) A2 A B 4
PUBE K, e il A2 B Z -1 (angiopoietin-1, Ang-1).
R4 A=K K7 (hepatocyte growth factor, HGF). )i
T B 4 i A= K Rl 1 (keratinocyte growth factor, KGF).
A N 2 4E K [R-F (vascular endothelial growth factor,
VEGF) &, MBS0 N Bz 55 B 40 xof 45343 F 7 225 5
(3) ik E — AL A (nitric oxide, NO) FI5| W fi -2, 3-
X4 M (indoleamine-2,3-dioxygenase, IDO), i i
BV e e M SR 4R, ATt T M s i, 15 4
P B

159 Z A&, BM-MSCs tH 1] 53 WA {2 £F 4k {k
[Al-F TGF-B, 1XAlF5 BM-MSCs HIHUl£F 44 AE
M & SR, A SCERIREE, A IEH A A7) B Y
BM-MSCs bi H A7-AE = K1 1) TGF-B1, 1y HAH
EL3 IR T TGE-B1 [t 7 MSCs, HLF#RAET
Yok 25 9% i R i £F 48 Ak 1A 3R T 8O T A P X T
W 7t .78, BM-MSCs 73 Wl ¥ 15 7K V- TGF-B1 A ¥
I IL-6/STAT3 5 5 Jl i, AT {2 2 I 35 1% T 40 i
(regulatory T cells, Tregs) 138 58 At 21 4E 4k K 7
W& -y 5 S5 10 (IFN-y-inducible protein-10, IP-
10) [f177 4, W] BM-MSCs 43l [¥] TGF-p1 HA7 &
B RS T DIRE

42k, BM-MSCs 5% 73 WA 45 SNl & (exosome)
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Fig. 1. Paracrine factors and functions of BM-MSCs. BM-MSCs can produce various growth factors (KGF, HGF, and EGF) to protect
epithelial function and enhance endothelial barrier via SIP, Ang-1, and VEGF. Moreover, BM-MSCs can secrete anti-inflammatory
factors, such as TSG-6, IL-1ra, and sSTNFR1, and achieve immunomodulating function through some cytokines (TGF-1, NO, and
IDO). BM-MSCs: bone marrow-derived mesenchymal stem cells; KGF: keratinocyte growth factor; HGF: hepatocyte growth factor;
EGF: epidermal growth factor; TGF-B1: transforming growth factor-f1; NO: nitric oxide; IDO: indoleamine-2,3-dioxygenase; S1P:
sphingosine- 1-phosphate; Ang-1: angiopoietin-1; VEGF: vascular endothelial growth factor; TSG-6: tumor necrosis factor-stimulated
gene 6 protein; IL-1ra: interleukin-1 receptor antagonist; STNFR1: soluble TNF receptor-1; IL-10: interleukin-10; PGE,: prostaglandin

E,. This figure was adapted from Li et al. "°.

1E N 40 L 4P 32 49 (extracellular vesicles, EVs) M [
TR IR T R U H 35 2 B E AL, KA EVs
AIERFT- AN BRI D RERAY, X nT ik T A M VA I Y
SR P 122 98 1 PR T B RS PP B AL R R, BM-
MSCs 557 WAH) EVs 7] N FH T+ ALL FHH & S 1 fili
PIRIETT, M BM-MSCs s 557 5 h 4) B 1 EVs
A AR 9 R 3 A P P 55 200 O - B0 i [ 4 i
Bb, I ok 48 il 315 28 58 AN 27 44k B, Ak, BM-
MSCs [1]55 73 W RN 5 52 453 It A 441 B 7L 42 5 1) 22 (1)
FHHAE H 8 BM-MSCs {1 3k fiti 41 235145 15 B 1 &
BEHLE o

3 FAENL SRR E IR RSRETK

B ER, RENG THEREREEGEHE
RO RiEMIEA (FERRAMBR ), 4440
Jadn, 1 BM-MSCs Jik/> PY, X RIFEERE R
I AF EAG ) R A R B RE I D REIR S KA T 7 A&
b, (HILARLILHI R AE Y A E . Bl
A K BE AT YR 10 £ 4E A M BE 7 22 46 R R 4T R4 i
IS 7 S Ak A 1R R R e AR A R . X BM-
MSCs 5 fiti £ 44k 5% 2 (T 70 5 B4 e K AR
P BM-MSCs a7 fiti 25 4E A S AH AL 7T, 16t
T4k A 3 R Hp = A 2T 44T AT BM-MSCs 1
S B RE TN REAT (1 2840 S AR A Lk RN = S T /b

Silva % 8, K H ALIL B4 /N B & #E 48
LG 244 /N R B2 B E ALL R34 i 558 I B,
Rojas S5 4R IE, 7F 4818 1 I 19 0k 5 2% 52 1 il £ 4
/N RIS BL R 45 T T B fE, LA er 44k i
#, EEEEAT AR BM-MSCs #48, B RS il
LR YA, (7 A0 RE FE T v B BE Th B IE 41 B,
UeAh, A AT R FH LA AL N- Lk e R T Ak
HEIEfiG MSCs, 1] {2 2 19 58 IR s MSCs [ Ht 19k 55
RATEUM A4tk fe 11 BT B IR R -M RSN AL R
(1) BM-MSCs # 1 21| {8 >k & 2 75 T 1 il £F 446 /N B
W, ] O R D e R YA 2 2 6 PR
TRFHE R T RIFRE B DL EF RSN, EW
(1 H & 5 5 2h B R A 8% v 23 BM-MSCs 1) 2
REIRAS A F T ok 85 3 P 8U £F e LI AR FE .
Gansner 438 | — 6 KV IPF B #5105 8=
Wy, RN B AR (30% 410 ). Kk,
Jiti £F 4 AL B BM-MSCs [k /b F1 I G F i oK 5 B0pL
B SR E R EISS, ekl A 44k
RIEMEZERZE, Mk HE TR B S N EE BM-
MSCs [¥13)) RS AT e 2 LA B & Uit 21 4k 4k 1)
FEAEBVE R MU (E LT i B 1 BT R
A 1AL H AT AN 2 E B

WAESR, EBE IR YE TSl BN T 50
HAUE T W TR 2 BT OGE . B RETE N
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RGBT, AR B E,
B HP ) T 41 B 2 A R R B b A B 51 3 A A I AR R
W SR EEBE R A YR YE BM-MSCs 1 7] Lk 5h 52
TR RGN Z A4, ki 2 50200 1E
SAEA W, kgl iS5 IA T (granulocyte colony
stimulating factor, G-CSF) PA{i 3k P J5 14 + 41 i 5
RREI M E 4 . CHRIRIE, G-CSF nl ) it 1
BM-MSCs 1] 7 JE il #7524 49 1) s 4. 43 e B4
G-CSF H]j#i 1 SDF-1/CXCR4 # k.15 5 2) 51 BM-
MSCs 5 i% 22 i /R S it 2RO /N BROK R, IR 4h 7
2o 2 . P9YEIE BMEMSCs 7E# 1P - CXCLI1Y
SDF-1 ({{F F FIE# 845 AL+ B 2575 S 10
TR0 SR P Ji5 (R0 B 3 R HY IR, TR T BM-
MSCs )2l 5 a] BN BT 8 Il 4T 4EAb 10 B 245

4 BREBMN-BE-D-XLZ S/ (N-methyl-D-
aspartate, NMDA) Sk H0EE 2 5 R4t
EEEThRE T EEHH
4.1 AT —FFR PR IRGE T

BRSNS R G B M M8
J s R A S I K R Tt S L 2 Ak b LA %
wEMEEENE, 152 P SR PRI I R AR R R R
T B ME A . NMDA 2 4A R A G B2 R K ik
B BV A, [RH 4 NMDA %5 3 Y E S 4.
NMDA = & Mk 2 13 1 5 il iE, *f Ca” HiK
EFRIE N, N SERARAINEEME TR
AP R . ARSI R B A R S 3L NMDA
TR R E S S5 2 MR EMER ™,
i, MH A FEREAEE NMDA 2K RIE, &k
J5£ 1) NMDA 1] 5| k2 2544 K Bl 2H 2R 40 4%, 3 Fii
155 7] 4 NMDA 52 1435 i 71 MK-801 94 [ >, A&
W FCLIE T ST, R A v B IR 25 URR 1T 5] /)
SR A ¥ 5 A B RS R S IR T
FErf, WL AL R RS R R R
NMDA 3244 BH W 7] MK-801 5835 4 MIlfi& 7] B S 4%
m A PO kg R W A EE R BY sl ALL
DA 1 AF 5 359 3% W P R A R T R RCE I
NMDA 2R 5 il i R ARV &, & —Fhii
PP 45 5 B
4.2 NMDARFHEERSIERIFEEBM-MSCsI)
HEHNHIREEMNF

KRB SRR, ERE RS
YA AR A BEA R OR B MRS 2R, H
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AR I ARk (RS x,) FIRE LM
F*. BM-MSCs £ 7E NMDA 2K\ Thekis, H
18 NMDA 5 &b 22 ] BM-MSCs 1) 31 18 5k 8 & T
AT LR IR ES 2o A 4L IR 7
7N, BM-MSCs 1 k4% 1ok 55 2% 512 ) AECs 4%,
1Ml NMDA il &b 2 0] 8 43 ¥ Fr BM-MSCs 1) 1E H,
iX & NMDA i i #fi] ERK {5 53 2% Btk BM-MSCs
5543 6 7 HGF #15¢ B2, 257K G-CSF il 4k 2 (1)
BM-MSCs 18 2 ¥ K 55 2 Fr 8U - 40/ AR
BM-MSCs 5 #L 22 il ZH 2L 1) #csm36 n,  H BM-MSCs
PO £F 440 i /R A 3 5 B9, DA 7t % B NMDA
AR PGS B G-CSF ] 43 Hil 4l il 842 34 BM-MSCs
DU AL R ER . Bh4h, 765 WS m)
AREM R E A RSP, A K R
TR G R T, R B T Y MSCs AMESE:
kb, T LA A AN B P AR A B DL
FLER W, BM-MSCs th /& 78 2 B8 U3 5 I #E 40 g, 19
KRBRF P4, HBEHNIRERRRTIK
RS B NMDA A2 5k B 30E, AT 9855 P I8
£ BM-MSCs [t 4efb/E A . [Rlitk, NMDA 52
AT B AT VA BT 4R AL R T 0 A

5 Zie5RE

Zi ATk, BM-MSCs o] 5 U2 T ok 8 R i
S 4k, HHLH S BM-MSCs [T #. 4r4k
5553 WS D REAE %, 1 N R BM-MSCs Lhfg )
SEH AT BE A Ml AT Ak R AR RN R SR AL . BT
FERE AR R R B ZER 2, 4N E BM-MSCs #
TN T NI 22 S e AN Rt T SR 22 B i k. TR
I,k — B B AT A AT 3 53R S Y BM-MSCs
(R T REKE A il 41 4 AL b7 VR BT TS (L 3T i) JEL B . AT
FUAL AT 5T 3 B NMDA 52 A3 B St 2 B A Py IR 1
BM-MSCs Hii/ili £ 440 A FH B ML, $278 NMDA
SEART] BE RN AT AEA IR T IV TR A
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