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 E:. BR USRS FLER MRS A R 7 T (hUC-MSCs) Thigfsem . 753k RER H B ILFH, 4
B hUC-MSCs, it N4l f AR HEAT hUC-MSCs LK AR SR, 430 N 98 AL Sy WL O B ZE i dh AT e« iR
WHE St , R CCK-8 KM FLAZ (0. 1. 3. 5. 10+ 15 mmol-L™) 4324, 48. 72 h /5t hUC-MSCs #¥51 fig 1
W2 s LR % VK B A0 2 hUC-MSCs 72 h, it XU 4H MR K I 36 B 46 40 (PD, 3 U4 AR & hUC-MSCs R T A% &4
ELISA {7 & 46 M hUC-MSCs [0 L& N 2 ZE KT (VEGE) 7l Thit, B G EE ANE ML, T Ficoll hk B 41 i 7 25 i)
Iy AN LA M (PBMC), hUC-MSCs £ 0. 10, 20 mmol- L' LR FE 72 h 5, 5 PBMC L1597 72 h, ELISA %
R 138 W R 9 R MR SR BB Rl T -0 (TNF-a) RUFIARZE E, (PGE,) KF, %41 AR N PBMC #) CD*/ki67 7K
£E8 hUC-MSCs i #7A CD73.CD90.CD105, %3k % >>95%; CD34 . CD45 . CD19 . HLA-DR % i R <02%; gL 14 d 54
HH S IR U TR s O 234 21 d S T I R BT AT TR T A 14 dJE R ERIE . 24 FLERE T hUC-MSCs 24.48 h
I, 6 45 LR Wk X T 7 hUC-MSCss {118 5 fig /748 58 (P<<0.05.0.01.,0.001) , 18 24 4 FI I i) 3k 21 72 b, FLER H 4 19 564 1 5 R
HTEAE F (P<<0.01.0.001), PLYE /IS ; AN [ (K LR AL B hUC-MSCs, He R 10 7 TRk WA B 2 %038 ; 50 mol - L™ 4H LL %2
WE & FLER WK E 3R &, hUC-MSCs & & # VEGF (1 4y ¥ & 3% 3 i /> (P<<0.001) . PBMC [ CD3" 5 43 %4 66.5%,
TFE ATk br . 5 PBMC 41 Ih 5, PBMC+hUC-MSCs 41 I i TNF-a 7K ¥ & 2 F# 1% . PEG, /K “F & 3 3 I (P<<0.001) 5 5
PBMC+hUC-MSCsZHE#E,10.20 mmolL [0 BR 1f LA & 32 4l hUC-MSCs 1 4 [K T PEG, I 3% < 17 X412 98 K F TNF-o. [1 5 14
2 F 2 (P<0.001) . 5PBMCZ L, hUC-MSCs 7] DL & 2 #1111 CD3 BH 14 40 i 1 44 58 (P<<0.001) ; 55 PBMC+hUC-MSCs 4
Lt 452, 10,20 mmol-L™" [ L R Tl &b #E 1] A 2 ek 55 hUC-MSCs X CD3 PHPE 40 i i 401l 7 B (P<<0.001) . £5i¢ 181 J Pt 1
WA T R FLBR KA AR D, AT ARSI B2 hUC-MSCs IS8 BE AN 28 iE W AT A8 /1, BHAS 5 1 i il Ak e .
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Effect of local lactate microenvironment on proliferation and inflammatory
regulation ability of human umbilical cord derived mesenchymal stem cells
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Abstract: Objective Study the effect of local lactate accumulation on the function of human umbilical cord derived mesenchymal
stem cells (hUC-MSCs). Methods The umbilical cord of term infants was collected, hUC-MSCs were separated, and the surface
markers of hUC-MSCs were detected by flow cytometry. Bone alizarin red S, Oil Red O, and alcian blue were respectively used for
osteogenesis, adipogenesis, and chondrogenesis induced differentiation staining. The CCK-8 method was used to detect the effect of
lactic acid (0, 1, 3, 5, 10, 15 mmol-L™") treatment on the proliferation ability of hUC-MSCs after 24, 48, and 72 hours. The
proliferation index (PI), surface markers of hUC-MSCs and the secretion of vascular endothelial growth factor (VEGF) of hUC-
MSCs were detected by flow cytometry and ELISA respectively after treatment with different concentrations of lactic acid for 72 h.
Peripheral blood mononuclear cell (PBMCs) were isolated from peripheral blood of healthy volunteers with Ficoll lymphocyte
isolate. After being treated with 0, 10, and 20 mmol-L™ lactic acid for 72 h, hUC-MSCs were co-cultured with PBMCs for 72 h. The

inflammatory factor, tumor necrosis factor-o (TNF-a) in the supernatant was detected by ELISA. The levels of prostaglandin E,
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(PGE,) and CD3'/ki67" of PBMCs were detected by flow cytometry. Results hUC-MSCs were highly expressed in CD73, CD90,
and CD105, with an expression rate = 95%, expression rate of CD34, CD45, CD19, and HLA-DR < 2%. After 14 days of adipogenic
differentiation, obvious fat droplets formed. After 21 days of osteogenic differentiation, obvious mineralized nodules could be
observed. After 14 days of differentiation in the cartilage direction, chondrocytes formed. When lactic acid acts on hUC-MSCs for
24 and 48 hours, the proliferation ability of hUC-MSCs became stronger with the increase of lactic acid concentration (P < 0.05,
0.01, 0.001). However, when the action time reaches 72 hours, lactic acid shifted from a pro-proliferation effect to an inhibitory
effect (P < 0.01, 0.001), and PI decreased. The surface molecule expression of hUC-MSCs treated with different concentrations of
lactic acid did not significantly change. Compared with the 0 mol-L™" group, with the increase of lactate concentration, the secretion
of VEGF in the supernatant of hUC-MSCs gradually decreased (P < 0.001). The CD3" percentage of PBMC was 66.5%, which
meets industry standards. Compared with the PBMC group, the supernatant level of TNF- o in PBMC + hUC-MSCs group
significantly decreased and the PEG, level significantly increased (P < 0.001). Compared with the PBMC + hUC-MSCs group, 10 and
20 mmol-L™" lactate significantly inhibited the secretion of anti-inflammatory factor PEG, in hUC-MSCs, while inhibiting the pro-
inflammatory factor TNF- a secretion was significantly promoted (P < 0.001). Compared with the PBMC group, hUC-MSCs
significantly inhibited the proliferation of CD3 positive cells (P < 0.001). Compared with the PBMC + hUC-MSCs group, lactate
pretreatment with 10 and 20 mmol-L™' significantly inhibited the inhibitory effect of hUC-MSCs on CD3 positive cells (P < 0.001).

Conclusion The long-term effects of high concentrations of lactic acid in the microenvironment of chronic skin wounds may hinder

the healing process of wounds by affecting the proliferation and inflammatory regulation ability of hUC-MSCs.

Key words: lactate microenvironment; mesenchymal stem cells; proliferation; secretory function; regulation of inflammation
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K2 IBAELEMHThUC-MSCs REMREMRIER

Table 2 Expression rate of surface markers in hUC-MSCstreated with lactate

A5 WE/(mmol- L")  CD44/% CD105/% CD90/% CD73/% CD34/% CD19/% CD45/% CD14/%
AR 0 99.6 99.6 100.0 100.0 1.53 0.11 0.13 0.42
1 99.1 99.1 99.9 99.9 0.01 0 0.01 0
3 97.9 97.9 99.8 99.8 0.06 0 0 0
5 97.6 97.6 99.9 99.9 0 0.03 0 0
10 99.9 97.1 99.9 99.8 0.03 0 0 0
15 96.4 96.4 99.9 99.9 0.03 0 0.01 0.01
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7 Y TNF-o /KF 52 4 A PEG, /KF 5 4 34 il (P<
. | : | A 0.091) . 5 PBMC+hUC-MSCs 21 % ,10.20 mmol-L™
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Fig. 6 Effects of different concentrations of lactate on
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Fig.7 PBMC flow cytometry analysis
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%3 ZLEAE LM T hUC-MSCs TNF-0. 1 PGE, #5 i &5 (x5, n=6)
Table 3 Effects of lactic acid on secretion of TNF-a and PGE, in hUC-MSCs (x+s, n=6)

2 51 WP/ (mmol- L™ TNF-a/(pg-mL™") PGE,/(pg-mL™)
PBMC — 289.38+5.39 80.50+10.75
PBMC+hUC-MSCs — 6.65+4.77" 26 102.67£686.17"
PBMC+hUC-MSCs+ 7L 10 730.67+60.61* 178.01£76.71%
20 602.20£107.52" 395.07+134.16"

HPBMC I LL# : ™" P<<0.001; 5 PBMC+hUC-MSCs 41 LL % : #P<<0.001
""P <0.001 vs PBMC group; “*P < 0.001 vs PBMC+hUC-MSCs group

PBMC PBMC-+hUC-MSCs PBMC+hUC-MSCs+ PBMC-+hUC-MSCs+
FL.E 10 mmol-L! FLER 20 mmol-L™!
105492 02| 05403 2 | qp5de 02 105491 02
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Fig. 8 Effects of different concentrations of lactic acid on inhibitory effect of hUC-MSCs on PBMC
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Table 4 Effects of different concentrations of lactic acid

on inhibitory effect of hUC-MSCs on PBMC (;:I:s, n=6)

Al WEE/(mmol- L") CD*/ki67"/%
PBMC — 18.83+0.23
PBMC+hUC-MSCs — 3.02+0.4™

PBMC-+hUC-MSCs 10 34.47+5.83%
+ AR 20 14.97+6.11%

5 PBMC 41 L% : ""P<<0.001; 5 PBMC+hUC-MSCs 41 th %5 :
#p<0.01 " P<0.001

P <0.001 vs PBMC group; “P<0.01 P <0.001 vs PBMC+
hUC-MSCs group

PRSI EEEN, A0 D Z 5
i, MSCs 7] 38 3 5% 3 Wb SR AL 43 4 SR BUAR A2 45 2 21
2RHLENIZ 5. 55 il A RIS Sl 7 L JULUBE AL
FRAEE N T 40 i 2 1 5 5 ik 3 BORE AU T AR Ok 2D TIE
S A 0 0 K SRR o i v T A B T B
5 T 5 U 4 47 9% D] A A 4 DR D 43 A ST
SR S K B Zh RE

FLIR R LUK — BN A2 W W A 1 ) 7
dh SR, RIHLR R A 2 R8E . 20 40 80 424K,
BE& LR 7 AR & R H , T 70 3 0] FLBRAE B AR AX

R AR R AR T U . R R R R I 5
R, AR A —FhRE & RUR , FAENLAE N 1) %
B S — P AR U % v 7R R Y 7 L R I o 5
WREZ DRGS0 TR, 5l i 2 ¥
R EAA A AT R, FLR I I R R R R Ak
KA O G A BT R IR T LR
S B 1 1 SR AR, AR T 2 R e B A
FUBR TR 15 , WF 70 6 MSCs 189 58 Al 4 E 1 15 fig

(5200 o 38 I CCK8 AR I A AL, AR B 1 LR 7 ¢
JL BT 6] N AT DA a3 440 B e R Sk 3 B e ), {HL 2 Bl
& FLIR 1) FRSE B, 4 (1) 385 5 e 9k 55 s ELISA
ST W) &5 SR 5 7 5 v AR PR 1 7L R A0 o) - 48 1) VEGF
()43 W T g, 7F 5 PBMC JL 5% 3 1, 48 LR T AL B
()41, % PBMC (1) 38 B 101 1) B 2 9k 55 , #0048 [
F PGE, 7 WABEAG , {2 2 Al 7 TNF-a 73 Wi sy o &5 51
2 BH LR 0 - 2 B 1) 28 RE R 1 A S AR H
AR ZH HE DA S R TR A T RO B R e R B
FLER , W RE 2 52 B2 A T 41 L f4) 16 BE RN T RE L AT
ST 4 B e T AR, Rk, fE T4 R
BT, KB R MIL R, v e < 18 T 40 R 1 )= 5
FiEHE,

ABFR FAGHEAFARAEA TR



+ 1526 -

$F46% FETH 2023F78 %X"‘i‘ﬁ'{ﬁt % Drug Evaluation Research

Vol. 46 No.7 July 2023

SE

(1]

(2]

(4]

(5]

(6]

Sherman L S, Shaker M, Mariotti V, et al. Mesenchymal
stromal/stem cells in drug therapy: New perspective [J].
Cytotherapy, 2017, 19(1): 19-27.

Zhao L F, Hu C X, Zhang P, et al. Preconditioning
strategies for improving the survival rate and paracrine
ability of mesenchymal stem cells in acute kidney injury
[7]. J Cell Mol Med, 2019, 23(2): 720-730.

Jo H, Brito S, Kwak B M, et al. Applications of
mesenchymal stem cells in skin regeneration and
rejuvenation [J]. Int J Mol Sci, 2021, 22(5): 2410.

Yao B, Huang S, Gao D Y, et al. Age-associated changes
in regenerative capabilities of mesenchymal stem cell:
Impact on chronic wounds repair [J]. Int Wound J, 2016,
13(6): 1252-1259.

Ha D H, Kim H K, Lee J, et al. Mesenchymal stem/
stromal cell-derived exosomes for immunomodulatory
therapeutics and skin regeneration [J]. Cells, 2020, 9(5):
1157.

Brooks G A. The science and translation of lactate shuttle
theory [J]. Cell Metab, 2018, 27(4): 757-785.

Nalos M, Leverve X, Huang S, et al. Half-molar sodium

(8]

(9]

[10]

[11]

[12]

lactate infusion improves cardiac performance in acute
heart failure: A pilot randomised controlled clinical trial
[J]. Crit Care, 2014, 18(2): R48.

George A. The tortuous path of lactate shuttle discovery:
From cinders and boards to the lab and ICU [J]. J Sport
Health Sci, 2020, 9(5): 446-460.

Luo Y, Li L, Chen X, et al. Effects of lactate in
immunosuppression and inflammation:
prospects [J]. Int Rev Immunol, 2022, 41(1): 19-29.

Nagamura-Inoue T. Umbilical cord-derived mesenchymal

Progress and

stem cells: Their advantages and potential clinical utility
[J]. World J Stem Cells, 2014, 6(2): 195.

Rangatchew F, Vester-Glowinski P, Rasmussen B S, et
al. Mesenchymal stem cell therapy of acute thermal
burns: A
inflammation and wound healing [J]. Burns, 2021, 47
(2): 270-294.

Lalu M M, Mazzarello S, Zlepnig J, et al. Safety and

efficacy of adult stem cell therapy for acute myocardial

systematic review of the effect on

infarction and ischemic heart failure (SafeCell heart): A
systematic review and meta-analysis [J]. Stem Cells
Transl Med, 2018, 7(12): 857-866.

[FTAER 4 Z 3747



