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Research progress on stem cells in the treatment of sepsis
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Traditional Chinese Medicine, Fuzhou 350122, China; 2a. School of Anesthesiology, 2b. School of Pharmacy, Naval Medical
University, Shangha 200433, China; 3. Innovation Center for Medical Basic Research on Fungal Infectious Diseases, Ministry of
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[Abstract] At present, the management of sepsis remains largely non-specific, highlighting an urgent need for novel
therapeutic strategies. Stem cells have garnered significant attention in the treatment of various diseases due to their unique
biological properties. Stem cells enhance sepsis survival through mechanisms such as reducing bacterial burden, modulating
inflammation, and ameliorating organ dysfunction. Recent studies have shown that stem cells can increase the survival rate of sepsis
patients through multiple pathways such as reducing the bacterial load of the host, regulating inflammatory homeostasis, and
improving multi-organ dysfunction. Their derivatives, exosomes, can also alleviate the imbalanced immune response in sepsis
patients. most recent advances in stem cell-based therapies for sepsis were summarized in this paper.
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FHRRE, T2 R T 20 X 400 ) B P A it )%
LR Z e diRE . A IR B A ¥ & Wnt,
Notch H1 PI3K/AKt 552 Fft (5 538 i, 1X L6108 i iod
T 20 B 3N 3 Ak A DG BRI Y 2 38 R 52 i 1 4
MR aria®, Beak, ML B TR T 41 A
FRIHANE ) oAb R E AR N,
12 Z@af

T4l A 2105 BE, AT TERAE 551 T 4
2 PRI AR, PAT AR R EE. MRG0k
fig J1 Al Xl 43 A 4= BE + 41 MY (totipotent stem cells,
TSCs) . % fg T 4 g (pluripotent stem cells, PSCs) .
AR T 41 i (adult stem cells, ASCs) . PARE T 41 ity
(unipotent stem cells, USCs), TSCs 1] 43k A4~ A
() A 2 A, T il — A58 B 114 PSCs AT LA
SRR A AR A BT AT A S Y, (L TE R B R o8
AR, TEEIE MM, PSCs 7] 20 fb L AMR 2
(GREZA0AE . LI L0 AR ) | o2 (Il 78 P B 4 A
PG 2 R T PN R 2 R 40 A6 L B 76 24 A 00 160 24 )
A ASCs AT LA AL B A A 288, (HOR g o
A0 ISR B B BT A 440 B2 28 (4 HSCs 34k i i
ARG A A2 AL ) ; USCs HBBZME K 4
JL Clnn -4 UL 4t A H B8 o3 A R SOV A AL ) o 3
—FEERALGUELE | PERIRYT AR B RS T
FLIERRM
13 Jafse

T2 B A SR AR UG R AR S P Y T 40 L 1)
BEMALH B RE, X— I BRRERT RIAE
BB 1 A0 ML S5 AR SN, AR BT 14 i B AH 4 i 1]
ZIHLTHIT S 5BE eI,

ML BB, HUAE 50 2 Fh AR K
+ . AL REEN 4>, i 2843 (pleiotrophin) |
IfiL 4 N K2 A= K X F (vascular endothelial growth
factor, VEGF) . & Jii i i i1 4= Kl F--1 (stromal cell-
derived factor-1, SDF-1). Ifil 4 41 itd %k Fff 4 1 -1
(vascular cellular adhesion molecule-1, VCAM-1) .
4 & (integrin) 5, 55 T 4R AR a4 45 9 AH 2L
AE WERS I A H T UL, AR AR I SRR T AE
RS AR $EFREALY TR LA SRS
AT RS B EEE S
1.4 ARSIz R

I g2 T 2 i A L B0 SO A 33
G E B I (B 36 R VR e 922 5 4 i B 3 ) 19 i 0 3¢
590 ZRHE R T 4IRS AR S AN B BT 3 g
RGBT R, 2 B S e HE R RN AU

RN, TR k= L HSR AR
A& 11 2543 F (major histocompatibility complex-II,
MHC-ID) e 2R o3 B 3k, S BOLHMELIRE £
GRS PIIFERRN. seAh, TAMEIR o] DL i
o7 W 2 Fh G EJE T, Wi A K B
(transforming growth factor B, TGF-B) Fl {ij 51| i %
E2(prostaglandin E2, PGE2), it — 11 il 42 33 41 Jifd
T4k, AT S8 R ARt o P e e )

1.5 %Ay

oA T R MU AERE SRR A A O ML),
A AE T WA S 28 S T A2 RS Z (I Y Bl
BV I R WS IR, B IR e R4
RE R i R B D A B S 2 L, SR ] 3kt PR 2
BOEEH S AU AR

40 W3 R R AR AR A i R A -
(tumor necrosis factor-o, TNF-a) . 140 i /% -1
(interleukin-1p, IL-1B) A1 | 3 $7T 4 A+ 40 IL-10,
PGE2., TGF-B 5 HYRIK, WL B S AE I N A
GoIEARM Ad BE TR AL, eAb, AN B i AR i A
(exosomes, Exo) N 24t i I] B #2242 fioh 55 J7 =X, 97
T 4i/ie. B 40, WoRANM . B Ediie . HAAR
S AT SR AL AR 3G 5 L oAb, T S st 2 e
1, AP R AEREHLAR SR AR
1.6 F 5 Bk

53 ARV (paracrine effect)$& T 41 g i 4>
WA TS Sy F g i A 7 A KA F L Exo
F5), LAl SR A8 A i g, A ni {2 k2
AUBE A FREIE T E Y IR, HC
WS F B, AR AL T 400 23 0 22 Fh A= 0 1 M oy
¥, Un VEGF. A £F 4E 40 ffg 4 K [H F (fibroblast
growth factor, FGF) . it 4f ffg 4= & A ¥ (hepatocyte
growth factor, HGF) %, i i 0% N J 4 i ik % 5
K, IO B T Y I AT AR, B AR R 1
A17-18]

1.7 RmAEHER

T 4t i 2% 11 2% 35 2 AR TR 1 32 44 (pattern
recognition receptors, PRRs), {1 & Toll ££ 32 {&
(Toll-like receptors, TLR) . A% F iR 4% & 55 S 45 #4) 4,
FEZ K 2(nucleotide binding oligomeric domain like
receptor 2, NOD2)4%, I 2 32 {4 AT K5 5 Pk U5 g
JEAK A 5 43 T #5 2 (pathogen associated molecular
patterns, PAMPs), i 1+ fiilt & & P 4 A R AN 40 B
JREE RSO o3 R, B AN S Y e
RENES
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2.1 SRR EA IR AR

AN R A R AT BT 28 e 0 AR R R Y 4 it
o HURI S BE TG0 AA T BR AR AR, (A E
SL 1 SR SN ) 25 S B I, 3 B Y AR S
AT e A HUA R e D Re 2R L

T JEXHR 28 M T AR 1) e I 28 T 5 S L
2 7 o R A, I fih & — R S A 4% 40 i DX
TNF-o., IL-6, IL-1B, T3t % y(interferon-y, IFN-y) |
1= i #% R % 2 11 B1(high mobility group protein
B1, HMGB1) 45 Kt 734, 5 2 240 B 5 X
T SR PE RGN IS o Shen S5 iF5E K
B, g W 14} (adipose derived stem cells, ADSCs)
AT 8 1 BRI S 725+ 2 (cecal ligation and
puncture, CLP) Jif¢ 7 iE 5 B4 /N BRI 35 H TNF-o il
IL-1B 7K, S35 D8 4 B AR SO 5 [ 3 o0
% 1 P 48 (reactive oxygen species, ROS) #ill il 4 1k
I VAR P, DA T 28 gk I i RE A DG 2P i 4 4 o
Sato 5F P SR, AN K T4 il 2 A MSCs F
P, FETRT IR b, 1 508 s A i SR AR R
MHAEH, T 85 Z #¥% (lipopolysaccharide, LPS )75
AR A K BN B 3R AR ALY 17 TNF-a., IFN-y
FRRNTF KT, BERFATER. I, Arezou

SEPUF SR W, MSC fi7 2E Ah M /K (MSC-derived
exosomes, MSC-Exo) ¥k & W e % By 7] 4 3% $2 7+
CLP /N EUWG B 72 itk B4 285 vh 8 15 7% T(Treg) 2
JHL F) Ll A9 RS, At T RG Treg 48 M o %
e, AR, AR IR BT S Bk
22 dpdl iR =

TEMEEEAE (1) B R v, A T 2 S e A i
MIIRB R o 2 B Ko 22 Tl O Bl G 5 4 L ) 2y
REAEMR 5 55 LTS, A0 T 20 AAESE | bk EL 40 a7 7
P T S MR A R A5 B ek, 2 [R] R B S g i A%
40 LT kR E S T Bk B 20 R -2(B-cell
lymphoma-2, Bel-2) 8 1 58 5 V- . LR KT BE |
DAL BT D) 07 33 S 8 i 5 3 i 22 A4 R I s A it R 1
AR, R T UM BERE A SR 2

Bel-2 fE A& ufr T A, ST %R
Bax(Bcl-2 associated X protein, Bax) 3L [F]#4 1% Bel-2
ARG RIAZ O VR . 12 G5 1 45 Lok
RSMESEZE L, A AR C BRBUFME M
JE K 4 i -3 (caspase-3), MM i s #2 Jy P A6 T2 38
o Horb R AC T -3 1Y R R A A AN T 3
PR T B SCHE AT Y 5 . Fariba %52 W 5T E 52, 7E
CLP 53 A M EAE K RUBTAL Ui SR pE 28 it
50 12K & ) BE R 5 3 A O, 1M Ag 7 ok R Y
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MSCs i A] i 25 R AR A DT b AR 21 4L b2 i R
A P3-3 FRIKIKF, IR IE Bax/Bel-2 HUIH, A AU
JHeFEAE A G A T Sh A B 15, $7% MSCs HAT —
TEMELRATIE T
23 KENEAERIER

N Bz 41 fifl (endothelial cells, ECs) A A 1145 Mk
CLE N B R B2 o AT 4t k), R EERR AR L
5 P SN, AR e o e R 1 2R OGS MR EEAE
A5 PN B ) R e A R IR s I R R, 3K 8y 4 Btk
TR v, T B 2434 Sl Z2 4% B DI B RE A 25
fIE(multiple organ dysfunction syndrome, MODS ) .

Laddha 5529} 58 3 W], MSCs fE % 38 1 /b 4
PR 5553 W 3% 3% VEGF ., FGF, HGF %4 KA
-, BLAEBOE N B 20 S G AN AL, 45 T i 2H 21
BB 40 1L 2% B . Condor S5 1R 98 & R, A K
K5 AY MSCs(wharton jelly-derived MSCs, W1-
MSCs) ] {2 4 5 CLP JREAERIAIR L VEGF &
KK, $75 WI-MSCs W] g i 3% CLP KR
PN B I RE BBt G A U B T LR R
2.4 AR RIRFIR

JHCTEAE (A% U B P R 3 Ry RAE 5 SR 1Y)
BNASIA, M I A Py A A S I B3k — %
PEPEFR I OCHE N 2R . AR IR BRI Bl PAMPs,
n LPS. JR#ERERR 554 1 £ PRRs U, 38 i T
%A T «B(nuclear factor-kB, NF-xB )4 4 =518
B ik 2 AR AT DK S, B4 B R AR S

T IR YT AT 2 R AT e A /) R i S 4
AU E e R ARG T o Jerkic ZF00 pFSE R, i

i B PSCs 7 i) 73k 7™ A= B IR IR D * J RS AE

FL R M REA RITH BRI BERE /N U . B3 s 40
TR, 2F 7 A8 AT e iR 1 7™ B R, 4 R R F i /N R
TG, BLAh, MSCs AT o 43 WAL TR K L 13| e e
2,3-X /il % i (indoleamine 2,3-dioxygenase, IDO) .
TL-17 %59 J57 B 4 il [R142 2% IR B AP, [ B4 52
G A BN AR B A e g, 2 TR AE £ T
i, PR R AR, e A i I F I o L e Y
2.5 MEBEMAFiF S BT ARG

o A S B ] =2 — 2 A 32 X0 L A4 B g 1Y
HRERN KA, 251 % MODS,, PAMPs jijzf PRRs
PG AN, k& NF-xB %5 S8 BN 519
RAE PR, e fd TNF-a, TL-1p 2542 R K 71
TR, TR SRE R - R i P R Y R
21 B PR 1~ fRe i S E B DA S Fo 5 A B G , A
S5 [R5 T GO A D) BB AT 0 22
aE YRR,

O LA A 248 A ™ B R e | A A IR S
T O A FNET T D RE AT, S R B S i L
() A AE 22—, HA B AR E A 10 L4 B 45
P Wu PV AFGE R, 78 LPS 5 19 4 8 2 [ME
/NERAR AL, MSCs AT i 25 B AR Il ¥ K20 L2 21
IL-1B. IL-6. TNF-a %4 48 K 17K ¥, A 20k O
Digedabr. (EARERERIE, LPS JIFE /N R i 55
# (ejection fraction, EF ) i Z [, 1 MSCs J&¥7 1J
WL IR B R . EF A BRI RERE
T[T MR iE B (5 L 39.9%), o 8.5%
RN St I 30 . Miao S50 WF 5T B, A B
MSCs(bone marrow MSCs, BM-MSCs) AJ i 1 53 34
PGE2 J#i T E Wi, {215 3 B 2 IR+ IL-
10, #E TN NOD #32 A TR H 45 F BUAH DG
3(NOD-like receptor family protein 3, NLRP3) % P4
JIMARZ 25 575 A, 2t LPS HITS IeRERE /N UG AT
BoJi 8

3 THEATIRRRSIERTT TR

3.0 AT e Tl R 696 77

MSCs 5 ¥ EHE 5 25, Bt o] PUIRI . JBF 7
G EFH LRI, ANFRIE MSCs #5485 Rl
HAUR PR MSCs FREBUFHXHEHE, 41 =4 w5
T . IR 255 ] = B UK R ) MSCs 38 185
AEJI SR . MSCs Al #fik . I8 1 . iR Ay
k%, 2R EARIT RO R HEAEH . MSCs
TERRFEAE sh Pl vp B PR 5o | A2 oEs RS
R MK B e R R AR TS R AR T T .
MSCs A7 E R — B 76 1 B BERE By 7 i, 7l iE
(i) b S A 7 ke 7 ARG B8 P 3, DT 36 38 2% fi
FEST MRBERE Y H Y

Alp FEP IFFRINIRIRAF RN T 10 B0
R IR S K i DR W R VR i MSCs (G £
1x10° 4 /kg ) AT I 25 B8 e S 300 I 1 0 S 2 A 2R A
2K, He SFP 451 T i X005 (n=15, B 17
18 4~ H) 7w, B >k ) A MSCs(human MSCs,
hMSCs) #Hiki i 5, MeaEaE 875 5 8 KRR IR &
YI(IL-6. IL-8, TNF-a) K F- T [, {HA WL E 2 BH I
FIFI RSN o 23— A 32 4 Hd RS2 1 14
I A 1836 2% BH , i ok i 1 v 79 2 (4% 10° 40 ifd /kg)
[l SEARBE I MSCs Ji7, AN 2 MUERLRL 4t
R EF IL-10, TGF-B BB N (NCT02328612) .
AR, — 300 11 3 REHLT FERIFTE N A 66 5] ™ Hh Jg e
PR T, LAPEAS S MSCs Xk EEAE H E 50T
R o B RER )0 (NCT02883803) , %57 £ 42
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i MSCs FH T REBEAE (B3 BRI T R BER IR 4
3.2 i F R T RIREIE G T

HSCs # 4% ( HSCs transplant, HSCT) & #x & UL
Hes B 2R ZEAY . Hamilton 25054 [ [al B4 i 5% 43
Brigsn, #:3Z2 HSCT M E R T AREZ AN S
H R MAERTFET SRR, SR, #4232 HSCT &
HA AT B DR, A MR RE (1) 5 fE AT,
H— B R A MREAEEAE U A R 5 i & B
Bt 2 T HSCT 7EMeEE H IaI gl .
33 FamlastAsT ik

EV #EH HA450 M Exo., ST /IMA, 1]
K H T 401, MSC-Exo &—FP oAl ifIyT i, & H
B2 FE A 430 1) A 0 T P 23R R HEIR TR,
BUE FiE FIL ikt 20 RS A XU, CELAT R R 4181 205
Pk, A TGS 75, MSC-Exo AN 24 R
PRy, B G S b | ARER I L 7 IR AR X
FaE SIS 00, BUA IEPE R W, MSCs Ay /MR TT
NPT e MSC-Exo /- 3:P7, — T IEFEHEA T 1Y
Ilf R L 56 (NCT04850469) 48 A T HEBe 2 4E N FIr
DR ™ B J e A e 1 L3, Al MSC-Exo 7 5 Jik
Y L P i I AR TR, i bF5E A 2 MSC-
Exo JHF 8 E B LB IR P 3R AR50 a0

4 HHESRE

MBI A2 Fh IR GL 13| e 1) 4 B M I oy 2 A, T
A E RS, IR LS T2 faEaE ., Hw
PRAZ OB 48 98 i KU (12 98 1140 TNF-a., IL-6 %
()3t FE R « B e 2L (BT AR S5 48 e g 2 A )
WAEABERG X Z A B E 21 . Rt
0 A S B O SRR A M, T A ke R R
FEIR N, X S EH A B T MRS
itgkts,

TR T IR R AR B2 Y E By 3, ATk
FEZ MR BTG TT H R B B 1, HoAE e
BT N R R TR AT st T AR SRS
HAUHE SPORIEME, RV B EE B AT 815
T I | R ) R AE SN o[RBT, T4 B A
AT G BE PR TR, AT LASE S B Y SE B
Bj 1E S e A, 1 B HLARYR S e s . Beoh, T
YA VA 5 A RE T, AT SIS SEAE AR A1
PR IEYT, A BT R 2 B HIGIT RN . TEME
BEAE ST, 1 3R B, #1530 MODS,
20 A A 2 B IR E I AR U B2 25 |
JIri, 40 MO AE M RERE (046 Bhay T i e 3 WA )
AL S RV

H T, T R s B wb i, £
T T /10 03 AR e 2 B, i Dk i 3 MISCs AT AR
1 JHe B AE £ R N TL-6., TL-8., TNF-o f 7K, 42
i IL-10, TGF-B MIREHL, 4 m A M iE iR 1
A A7 AR 33400 BRI A IS AT TR i i
2Pk, T AMIE MR AR T kA TR L 55
AU EAEAEHILE] 6 A B A 4 E AR T4
JRL3E 7 A S 10 7 EE AN RS, (E VA KRS (2 it A
TE RO ATH SR T B85 W Ab, T 40 ) £ AR B g
TRAEHE AR 24, BAEA 25 S | g ad ) nf
REEAS I AR 22 57, TR Y MSCs HHEE T8
it MSCs G 28 817 119 ) B PT U8 55 45 1) R A5 o
E— WP DY ARSI 1 75 TR AR T 40
ML E FER IR . B A 2 26 | FRiE Ak il 28 S I
AMEAE, DIHES) T A0 MayA 7 7 MeSE e G W B2 7 7
T B4 I FHE

(&% 308K]
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