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Adipose tissue-derived mesenchymal stem cell transplantation for treating septic rats with acute
respiratory distress syndrome and the underlying mechanism
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Abstract

BACKGROUND: Sepsis with acute respiratory distress syndrome (ARDS) is a fatal disease, and is usually treated by supporting therapy,
which can improve prognosis, but not obviously. Therefore, searching a novel effective method is urgent. Mesenchymal stem cells with
multilineage differentiation have been shown to be effective in the treatment of various diseases.

OBJECTIVE: To discuss the protective effect of adipose tissue-derived mesenchymal stem cells (AD-MSCs) on ARDS complicated by sepsis
and its underlying mechanism.

METHODS: (1) AD-MSCs were isolated by tissue adherent culture from rats. (2) Adult male Sprague-Dawley rats provided by Laboratory
Animal Center of Lanzhou University, China were randomly divided into normal saline control group (group A), normal saline+AD-MSCs group
(group B), sepsis+ARDS group (group C), sepsis+tARDS+AD-MSCs group (group D) (n=10 per group). (3) Rats in the groups A and B were
taken out of the cecum after laparotomy, which was then put back into the abdominal cavity that was sutured hereupon. Caudal intravenous
injection of normal saline (1.0 mL) or normal saline+AD-MSCs (1.2x10°%) was performed 12 hours later. In the groups C and D, cecal ligation
and puncture were performed, ARDS was induced by 100% oxygen inhalation for 48 hours, and then caudal intravenous injection of normal
saline (1.0 mL) or AD-MSCs (1.2x10° ) was implemented at 12 hours after modeling. (4) The arterial oxygen saturation was detected at 24
hours after modeling. The lung wet/dry ratio was calculated at 48 hours after modeling. The levels of inflammatory cytokines in lung tissue
were detected by ELISA. The pathological changes in lung tissue were observed using hematoxylin-eosin staining. Nuclear factor-kB activity
and mRNA and protein levels of toll-like receptors 2 and 4 in lung tissue were determined by electrophoretic mobility shift assay, RT-PCR and
western blot assay, respectively.

RESULTS AND CONCLUSION: Compared with the groups A and B, in the group C, the lung wet/dry ratio, lung injury score, levels of
inflammatory cytokines, nuclear factor-kB activity, mMRNA and protein levels of toll-like receptors were significantly increased, and the arterial
oxygen saturation was significantly decreased (P < 0.05). Compared with the group C, in the group D, there was a significant decrease in the
lung wet/dry ratio, lung injury score, levels of pro-inflammatory factors (tumor necrosis factor a, interleukin 18, interleukin 6), nuclear factor-xB
activity, mRNA and protein levels of toll-like receptors, and a significant increase in the arterial oxygen saturation and level of
anti-inflammatory factor (interleukin 10) (P < 0.05). There were no significant differences in each index between groups A and B (P > 0.05). In
the groups A and B, pathological changes in the lung were not obvious under light microscope. In the group C, there was significant lung
hyperemia and edema fluid; red blood cells and inflammatory cells in the alveolar cavity were also detected. In the group D, lung damages that
mentioned above were alleviated. These results indicate that AD-MSCs can down-regulate the levels of inflammatory factors, reduce lung
injury possibly through inhibiting toll-like receptors/nuclear factor-kB signaling pathway in septic rats with ARDS.

Subject headings: Sepsis; Lung Diseases; Respiration Disorders; Adipose Tissue; Mesenchymal Stem Cell Transplantation; Toll-Like
Receptors; Tissue Engineering
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FHRIAR, ARG K REFLIRAi448 hidh st 1 T Bk 28
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1.4.4 FPKMABAMENE REKHIAZKIILL mL
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B v -2PJATP(1.11x10" Bg/mol, 3.7x10™ Ba/L)bric /&
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%1 PCR3I4git
Table 1 Design of PCR primers

LK 51(5'—3) K[ (bp)
B-actin GAC ATT AAA GAG AAG TGT GCTATG TT 527
Toll Fi%24k 2 TAT CTAGTT TAT CTT CCT CCT GGT TCA 350
Toll Fi%24k 4 TGT ATC TTT GAA TAT GAG ATT GCT CAG 469

(3)Western Blot#; il fili 41 21 Toll#: 52442 . Toll#f: %2 144
HAXRIE: RIUTARED, KAH D ok
(Bradford i )il & 25 I« 50 pg, HEHI10%%) B
I 1 5% 3 4 JI 3E AT - o 78 1R A — 6 TR A4 T P st Tk vl
VK (SDS-PAGE), #, 37 CHHML1 h, kK Tollk:s
A2, TollkE3Z k4 e B Hi 4 (1 @ 200) LA & 2 i B-actindit
1, 4 CFMEL2hLLE, SRIGHATYERE, A BRI A
VIR B EPUR P (10 5 000)% i N2 hig, #
HHTUERE . MR FHBERS @ & AT SR AT K BEAL 20 #T
PAToll Ff: 32 442 . Toll K 52 44 4 1¥) Ik B AE 5 A0 W N 2 R
B-actinff) K JEAH EL At A b ik i
1.5 EEZNEIHF OKNAD-MSCsHHA MRk
Prligik; @AD-MSCsTHilJq MEEiE & HFARDS K il Il 4
YORE . T R S RE R 7 (178 fk; ®AD-MSCs
X TOlRE B2 K% N 1 kBAF 5 35 G A2 1K 50
1.6 %itFadr NAISPSS 21.048 AL Bl . 45 5 LA
xtsFon. LhEEHRIAR AR S Hkruskal-WallisFr 46 L,
P < 0.054 2 547 W 5 1 7 X

2 %R Results

2.1 ARIMIZFRAD-MSCsty T A g s % lid4HN
M B o) B R RS, 7 dJiE T WA RS AR
fe, BESRKEAE. ARG, AREEEFEK, 1T
DLEH AR TG, 4l B S iR SsU R S, LB,

i 4 A% K I APC-CD90 . PE-CD44 X 1 H.
PE-CD34 . PE-CD45 XU ] P 3& ik (1) 40 Jitd 4 A b 2
AD-MSCs®, WE2.

2.2 ALK R 3Bk B AL (Sa0,) thak AR FERK
. AP K+AD-MSCs 2 Sa0, W] & i T i # iE+ARDS
2. Jk 7 iE+ARDS+AD-MSCs# (P < 0.05), fik#JiE+
ARDS+AD-MSCs 4 Sa0, & T i & % +ARDS 41 (P <
0.05), {H EAHER/K4 . A= H £k /K+AD-MSCs4H 2 [ LL 4%
ZRIREEZ X (P >0.05), LE3.

2.3 BB K ASR/TR SR AL T R
KSR BRI K IR, POROBROR, K bk ™, AR 2R
EhK 4154 3 /K +AD-MSCs 4 i/ 1 5 & Fu i bh e, %
FLREMRE P > 0.05), HHLL AL /N T HeAEiE+
ARDS#. JikZEE+ARDS+AD-MSCsZH (P < 0.05); Mishe+
ARDS+AD-MSCs 41 fiti i/ i & L AE /N T~ ik 835 +ARDS
41(P < 0.05), W.EA4.

744

2.4 AR BATLLE RIEAIRE R

241 BTN WEMALURBENAE HARK-Fagt
AL AEBE SR K 4UR A BE 5 /K +AD-MSCs 4Lk B 45
Py s g, i i v JC H o, il 96 ) 58 R0 it ) R af A 4%
FIFEA TE W o A AE+ARDSZH iy 45 K Z5FL, v s it
1000 L S T e 11 o R N R L
Jili [v) BB S K i 4R . ik EEIE+ARDS+AD-MSCs 4 fif
V) 5 o it 96 ) o 7 i 7K i 2 fik 2 + ARD S 21 W Wl ik 4%
AT n] D 58 IR bR R, PN R AL D R K B £

WES5.
242 WG5S 5 AP AR UK A K AR K +AD-

MSCs41Af Lt , Mk # i +ARDS 41 & ik ¥ JiF +ARDS+AD-
MSCsAl it vror T, 2656 B MR (P < 0.05).
23 AD-MSCsT-JilJi, JiliZ] 20 B2 15 BN R RE
Ji B3 JiE+ARDS+AD-MSCsH Lb itk 23 +ARDS 41 Jili 41 21 51
BivEsr i B EAE, 2R R E R (P <0.05), WLE6.
25 AKX JMMRKERFKFE HEMHITKA
MIEL, ZEPEE K+AD-MSCsH! 2] 28R 48R a4
M FE1B. AR 26, (1A 107K P-4 TE B 548
(4P > 0.05); EEIE+ARDSZH X e #5hE+ARDS+AD-
MSCs & Fbn34 B BTt =i (FP < 0.05). 5ik#EE+ARDS
AL, MAIE+ARDS+AD-MSCSZH fiti 20 25 il g U B P -
a. F4IMAFE1B. FAIMAF6 K T3] B RGP <
0.05), LR TF MM ZL0K I BT (P < 0.05),
WE7.

2.6 TollEZAk/AZ I FkBfz 536 %AN X B T RE
2.6.1 NHLZEFETFBIE: EMSAZ R T R, HaAEMEE
IKEAAHLE, AR 7K +AD-MSCsH il 4% K 7k Bi& 1
AFAL(P > 0.05). SA:H R /K41 A A 3 R /K +AD-MSCs4 Lt
B, BRBRRE K SR A U R 1 kBG4 W] {2 4455 (P < 0.05);
L2 iE+ARDSHAIAH LY, Ik #iE+ARDS+AD-MSCs 4 fif
HEUZ N7 kBIG L] WGP < 0.05), W.E8.

2.6.2 WAL TollRERZ 42, TollFE32 44 mRNAE L 54
R LK ZHAR HE, A2 B 2 /K +AD-MSCsZH it £ Tol ke 32442
TollFf 32 A4 mRNAKIA ALK (P > 0.05). SR K4l
PR IK+AD-MSCsA L, IEERE K S 2 2R TollFf 52
2. TollFE5Z A4 mRNAKIA W] 1E5R(P < 0.05); Sk
SE+ARDSHIAHEL, MeT55E+ARDS+AD-MSCsZ TollkE 37 44
2. Tollff k4 mRNAFRILH] EEK(P < 0.05), WLE9.
2.6.3 filidl 2l TollFEZ 442, TollFEz k4 A&k 54
FRER KA b, AR BE Eh /K +AD-MSCs 4 il 2 2 Tollkf: 52 14
2. TollFf 24kt IR I ARk (P > 0.05), 15 /E 2 b /K41
J AR K +AD-MSCsHL LA, kg iE K Ul 21 22 Toll B
ZAK2. TollFE 52 k4t (A RIAW] 3% 5% (P < 0.05); 5 ike;
JE+ARDSHI A EL, fifk 75 iE +ARDS+AD-MSCs 41 Jiili 41 21
Toll#E 32442, Tollff 52 k48 1 =k B 2[R (P < 0.05),
LE10.
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3 iti® Discussion
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i 423 4y B BIAD-MSCs,  S256 45 1 R L& R KR
B, MR, [FFAPC-CD90. PE-CDA4XLIH
HPE-CD34. PE-CDASX{ Rk, iF B4 S A3 241 i
58 [ bR A s HE € L AD-MSCs.

MREERE ISR R R B L, HATIR 2 WER S 12
LA RIARE R K RS 2 2. Hk%
B S EU R G SRR EL, B Es LT R AR LA T
(R ASEUL I R b T 8 5 L BT 301 S M 46 ke ik 35 (¥
i, HRHEE RS A E AL, 5 ARG, ik
TERPERGE, P AERE AN PR R R R R, e
LA 5 JOE RN ZEAAE . IREEREIR 50 55 2 T 35 15 08
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Figure 1 Morphology of passage 3 adipose tissue-derived mesenchymal stem cells (x40)
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Figure 2 Phenotypic characterization of adipose tissue-derived mesenchymal stem cells
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Figure 5 Histopathological findings in the rat lung under light microscope (x100)
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Figure 7 Levels of inflammatory factors in the rat lung tissue
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Figure 9 mRNA expression of toll-like receptors in the rat lung tissue
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Figure 10 Protein expression of toll-Like receptors in the rat lung tissue
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