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Abstract Neutrophil transfusion is a clinical adjunctive anti-infective therapy, and the maintenance of in
vitro activity of neutrophils used for transfusion is a key point affecting the effectiveness of this therapy, which is
currently a challenging aspect of related research. Therefore, this study explored the combined use of MSC-con-
ditioned medium and some drug molecules to delay neutrophil in vitro senescence and maintain immune function,
to overcome the above difficulties. Neutrophils were cultured in vitro using various conditions (including multiple

supernatants of MSC culture, pH regulation of culture medium, various drug molecules and their formulas affecting
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the survival of neutrophils). The in vitro lifespan and biological functions of neutrophils were measured. The exper-
imental results showed that compared with the control group (RPMI-1640 medium), the conditioned medium cul-
tured for three days with MSCs could better prolong the in vitro lifespan of neutrophils while maintaining neutrophil func-
tions such as ROS release and phagocytosis, with significant differences between the two groups (£<0.01). Further
experimental screening and verification revealed that compared with the use of conditioned medium cultured for three days
with MSCs alone, the optimized neutrophil conditioning medium (MSC-conditioned medium, pH6.0, 1 pmol/L nicotine,
10 ng/mL G-CSF, 0.6 mmol/L NAC, 10 pmol/L DFP) significantly prolonged the in vitro lifespan of neutrophils
(P<0.01). In conclusion, this study found that the combination of mesenchymal stem cell-conditioned medium and

multiple drug molecules could better maintain the in vitro activity of neutrophils, providing a good experimental

basis and theoretical basis for the in vitro preservation and transfusion research of neutrophils.
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A: morphology of neutrophils isolated from human peripheral blood after Wright’s Giemsa staining; B: purity and activity of freshly isolated neu-

trophils; C: MSC supernatants of different culture duration were collected, and the difference of maintaining neutrophil activity in vitro was detected

(F=0.548 2, P=0.703 2), **P<0.01.
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Fig.1 Purity and activity of freshly isolated neutrophils and screening of MSC culture supernatant
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P>0.05.

A: active state of neutrophils cultured in vitro under optical microscope; B: results of Wright’s Giemsa staining of neutrophils cultured in vitro; C:
detection of neutrophil culture activity in vitro by flow cytology; D: survival ratio and absolute number of neutrophils in vitro (F=46.28, P<0.000 1;
F=33.09, P<0.000 1; F=33.44, P<0.000 1), **P<0.01, ***P<0.001, ns: P>0.05.
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Fig.2 MSC culture supernatant delays neutrophil apoptosis
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A: flow chart of neutrophil function in MSC supernatant culture in vitro; B: ROS production ability of neutrophils cultured in vitro; C: analysis of the high-

est level of ROS produced by neutrophils in vitro (F=703.0, P<0.000 1); D: culture of neutrophils in vitro phagocytosis of yeast glycan granules; E: phago-
cytosis ratio and phagocytosis index of neutrophils cultured in vitro (F=27.85, P<0.000 1; F=5.490, P=0.013 1), *P<0.05, **P<0.01, ***P<0.001, ns:
P>0.05.
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Fig.3 The supernatant of MSC-3d culture can maintain the function of neutrophils in vitro
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A: experimental flow of adding small molecule drugs to MSC supernatant for neutrophil culture in vifro; B-E: after adding different small molecule
drugs, the survival rate of neutrophils cultured in vitro was detected by flow cytometry (#=90.12, P<0.000 1; F'=2.544, P=0.082 9; F=1.580, P=0.215 9;
F=1.640 0, P=0.200 3), respectively. ns: P>0.05, *P<0.05, **P<0.01, ***P<0.001 compared with MSC_SP; F: MSC culture supernatants with dif-
ferent pH values were used to culture neutrophils in vitro, and the survival rate of neutrophils was detected by flow cytometry (F=0.321 3, P=0.859 3),
*P<0.05, ***P<(0.001, ns: P>0.05; G: the neutrophils were cultured in vitro with Cocktail, and the viability of neutrophils were detected by flow assay

(F=2.419, P=0.144 3), **P<0.01, ***P<0.001.

B4 NoFEiEE. EFEpHEYETI LLK Cocktail i 7+

Fig.4 Screening of small molecule drugs, adjustment of pH of culture medium and Cocktail culture
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R Rl 2 o) 14 R 4 B i R 2 . MSC-3d35 57
TERIRIUE pHoN 7.2, K MSC-3d ¥ 55 9% Lik pHIA =
6.0. 6.5 7.0, 737l f FH4FpHIIMSCHE 77 Fif ;77
s VRN, [R5 B RPMI-16405% 37 1E Xt iR 41
1 B 5 B 1] R AT 4R 41 A 5 368 sk 0 s P il 43 A
S I A7 26, AR &5 SR b, TERRAN RS I B[R] A
pH6.0M¥ MSCH 77 b3 xf o Vs 40 i (1 (2 A7 v 1
W (B 4F), iZ45 B 5 A1 5256 = 5 IR 7 45
FH—E,
2.7 AHEFERAUIEGYHIE K PR
Ko dp

IR TR B, SRAF PR TR A5 R i
R E, Fx e R R IR %A S A, T BB AR
HMEFAR R RN T EE TR &R, R R MR AR B ) R Tk
— . SIS R - (1) B IEI Al 1] 78 5
TR 77 3R 3 (2) 8T 1 mol/Lik B (1 HCTi
TREFRIEPpHZ6.0; (3) BLHi /)N FCocktail(1 000x), fffi
TR REFAR RIZIRE)y: Je T T N1 pmol/L i
Y 42 75 B IR 7N 10 ng/mL. NAC A 0.6 mmol/L.
DFP 10 pmol/L. [F]i i B ¥ AN R, ¥ 41
SR FH B 78 07 T 240 P 35 7% 3R 1) i R 8 v I R 4t
Xif B8 21 R ) RPMI- 164055 7% & Bl 15 37 ok s 40
M. SGidiRsEESE, b st BEIR, 5 IR (44%.
16%- 6%)F L, SZUG AL AN 2% AP TR 25 2
FESRTE (P<0.01); SEIG AL 4L 7 B 384K R 1 1
FE A PRATIE R (85% - 83%- 70%)TE %N ] 25 25 B
SBETEAH69%. 57%. 27%)(H4G), HEA &
FHEER (P<0.01), HI 7&K T-AE ) i
ZHT, UEHIRATH A G BB IR AR R 0] DU A o
FEA H R4 D () AR A

3 g

H PR 2 AL R R T A A R R 4 B AT S 1)
T, ERER N, fER SRR 2 H
RIENJHTRERY, AR[R] I 22 Foh 1855 PR 22 35 25 5 o o
PRI IR 75 A, W4 R IS 22 9% (lipopolysaccharide,
LPS). %k pH. W& AR 77 % 5 DL 4
6 AT~ [ QA 24 i B v ) B R 1 (G-CSF) - MBI AFE
[A-F--a(tumor necrosis factor-a, TNF-o)] & 1] PL5E
Wi AL 2 PR T T A O A] 7 5 T 8 s
L0 7 i S e R AIE FE R B, TR) 70 o 4 i 5 vk
o 20 TR A 1 5 T DL 3 S K MR 20 B PR A A 7

il SRR IIMSC AT AR C s B d R %6
IRl 77K P, Ji 2 i or 240 o A2 2% A0 474 3R X 1 T
G, AT SE K A PR A PR 1 7 i 00 SR T MSCo 77
Tk oy AR - R A MR A L D REAT AN 28, AT
RILMSCH; 77 _HIE AT LD R 4B B i T, 32
71~ [H) 7850 200 B R e e ae () 422 ' FH 2 e v P A 4

VA B 7R B MSC I AR A1 1 77 B #R S
SO PR A e A O M. AKTYAMASE MR 7E
RILMSCHEAHHTMEE /T, HES I LR B,
MSCsit i 38 fin-C L4 i 7 ) Bel-25 Bax & H LA
FRARIA T2 /KF o MSCIRIE I RS A0 R 7, an = 4i
i/ % -6(interleukin-6, IL-6)3K 2 54 o HIAEIH,
MSC-CMIHLIE T AT fE 5 MSC L i) — &
A, W TNF-a. G-CSF. T % -y(interferon-y,
IFN-y). T# % -a(interferon-a, IFN-a). 4 i/
% -8(interleukin-8, IL-8)MIL-6"AH %, A, IL-6
FE K HH PR A R D e 1) R TR, At — Lt
FUARUE 52 TL-6 7 $10 1) A P4 Rz 248 A %) 98 T2 7 [ S 0%
BAEHY. H AT, WA K IMSCRIPT PR
JH 19 T A FH A AT el I MSC R A A 5 1
microRNAFT mRNA M MSCH #% 31| v 1k 41 g A i3k
T A A A b 20 L ) 7 U7 AR SR S MSC-3d
3 S A PR B A A 1 PRt T R
AL FIR IR, AH R H AR R A 5% WA DR AT 75 gk —
A A TN AR SE o

T RIERFRE RIS R, R A FEESFE
X0 FR PR 2 i R T 4 ) L 2R SR A 2 5 = i A
FIBFFE 25 3 - 15 1 28 (ROS) AR B8 ik B 2 Hr
ANPBET B R R 2 — 081 NACH] BAHIH| 41 g )IROS
IR &, BBt R g A7 v i B B d T
X WA 5 B0 ) 1 24 BH ZE % i 2 995 (chronic obstruc-
tive pulmonary diseases, COPD)[IJHF ¢ &I, iifi A 2§
R IR Mok gE i S A R 55 R e T A
AP JR T T RSN 40 B N TP R AR, AT PR
W AKTIE PR B T, (18 AR e i s 2, A
BIF 58 R B3 28 10 P b 0 i 2 B T 2 IR o 1 T
3(proteinase 3, PR3)M A2 BIY]iE L caspase-3, Ml
PERLAHN AR T, TN RE 7 % PR3 75 DFPJ5
AT DA OE 27 Hh PR B AE T P30, R0 2 Ff A v
PR T (G-CSF) REMS ZE < Hh b 4 i £ A4 A A4 b
(R B[] 24 G-CSF ] AR HERL 2R 1ML, 2 D3 B4
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e PR 20 B T RE RN AL P A T T ARAE 2 A
o3 VLA A T DS I o PR i ) R T PO, AR SE
WA, PRI i 5 58 B R e o 7 B A 4%
TR, R L R TS50 2 o v 4 L 240 ML F) 75 o 7
S 728 i L 1A A% T PR R
EEIRAL , 5 pHAEL FT B AIR 2 6,08 2 BEAI%, @ idxt
PRI 1A AP B TR IA BT pHIE T, BATEGIA 159
P& 1 (pH6.0) PR 15 1 DARE 2% PR R 40 B IR PR T o
i I 2R A EL L A A s 97 2% 1 B 5 DA /N 7y
TEWRIEIN, N RE I/ 1k & . — 7,
WA TS TR R RSN 7, b R A0 B A 44 b
Fem it — B RER, 72 3R, A 5T 70%H
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F40%), Tk )5 i IR 28008 H PR 20 i R e A
PERIRIEIR T, RWIASHE TC 1 L35 B 771k R 1w 4T
PECL R AR TR AR RO REME . S5 — 7T, AWETE
35 I R AE I b R I 75 i, SR EIORE 4 )
PRENORAF I RTINS, ] DA A A 4 1) 4 S Th g
SCEG AT PR BE A B . ARG AT, PRI
HIZhREA PR T FENUAA AL KU I A A A . R
R E VSR SUR G, TELA 4 RERH,
PEHL 20 ¥ Th RE CL 208 1 PUR AL 1 A B2, il
T 0o v PR 4 A A T BE ROBIF FE AL, b R A
HE % 38 1 70 1A M0 P 240 B A 10 40 J 75/ D (antii-
body-dependent cell-mediated cytotoxicity, ADCC)X}
IR A 7 A 5 KR 2 45 0 B0, AT U ST K R R
R R ICHE AT LLOAZIT FUaR Bt 2% 1, Rty DIy
IR YR T BT 16 o
LR LPTIR , AHT TR T S AT I S A R
E 1) 78 J5 4 10 355 77 L 37 s n 22 A ] whrok
AR AL T ALt P PR AT 1) T 20, 2
LT PR A AR SIS 2 5 r A 4 A7 o A A
MR TR A R . HATZIE IR R R IE A T Bes ik
FLEH N AR S R IR AF A 2, T A B ST PR kL
iNOR s L F e 72738 o Rk A il Uk b e RN B R
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