@7 TEEATEHAR WREZ

www.CITER.com Chinese Journal of Tissue Engineering Research

E R 2R ARE A0 E 735 A RRAR T2RARTEE . 185EH L RUSZM

Bt MR, Es O, R8T, BES T, SR BiEmCC, &Re

https://doi.org/10.12307/2025.020
2585 2023-11-13

SCEMGRRIE: EEmCt B BT AT @G E . i

> CCK-8 A H44 HI AR T A K it 2% sk
RFIBM: 2023-12-28 A > BRA S IR AL R AE BT m A B s B m B SE A4 1 B T (MIF) AP ANERG T 4mfe 8 55k MIF,
2 . -02- % TR IRE LA 20 L,
fEOBR: 2024-02-:05 ;}Z oA B 2R, 4R MIF(30, 100, 300 ng/mlL) 20, MIF 4% %] %] 1SO-1(2, 7, *Eﬁi‘jj ne/m &
4B 2024-03-01 F& LS 21 umol/L) 4. MIF(100 ng/mlL)+S0-1(2, 7, 21 pmol/) 48, Cok8 skipmiss | &% RAL MIF AL
DEES F s HE T BN AEfE T e ey 39 7a, 42
= - . St Z Y
R459.9. R318. R394.2 é&] BN ey o MBI AL R SRR ARG T 2m /i, MIF JR B, RT-qPCR A3 ﬁ%ﬁ’%’“%ﬁ%“
9 ' : T [7 kiR, Coks RIS MIF B s s it, KB TFRRmEARhn | &5 T EZRELH MIF
=R, JEs AT 4 6 A0 A
XERS: T RTGPCR. A K B €K P 2 kA M B o 51 MIF(100 ng/mt) o ﬁ#h:;ﬂ TR
2095-4344(2025)07-01380-08 #* > CXCR4 F Fuditk (100 ng/mL) /& A & 247 B F (KLF4. c-MYC. NANOG. OCT4. & ¢
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Abstract

BACKGROUND: Macrophage migration inhibitory factor (MIF) is a pleiotropic cytokine, which is secreted in different types of stem cells and can regulate the
proliferation, differentiation and migration of various types of stem cells. Our previous research has confirmed that human embryonic stem cells secrete MIF
and that its concentration in the culture medium is relatively stable. However, whether MIF is involved in the survival, proliferation and differentiation of human
embryonic stem cells remains unclear.

OBJECTIVE: To investigate the effects of MIF on survival, proliferation, and differentiation of human embryonic stem cells.

METHODS: (1) Human embryonic stem cells H9 were cultured. The growth curve of cells was detected and plotted by CCK-8 assay. Enzyme-linked
immunosorbent assay was used to determine the level of MIF in the medium. (2) To determine the effects of exogenous MIF on the survival and proliferation
of human embryonic stem cells, different groups were established: the control group, which was cultured in stem cell medium without any modifications;

the exogenous MIF group, which was treated with different concentrations (30, 100, 300 ng/mL) of MIF in the stem cell medium; the MIF inhibitor ISO-1
group, which was treated with different concentrations (2, 7, 21 umol/L) of ISO-1 in the stem cell medium; and the MIF+ISO-1 group, which was treated with
different concentrations of ISO-1 along with 100 ng/mL of MIF. Cell viability was assessed using the CCK-8 assay. (3) To further elucidate the effect of MIF

gene on survival and proliferation of human embryonic stem cell, the MIF knockout H9 cell line was constructed by CRISPR-Cas 9 technology to observe the
lineage establishment. (4) To determine the effect of high concentrations of MIF on human embryonic stem cell differentiation, 100 ng/mL MIF and 100 ng/
mL of CXCR4 neutralizing antibody were separately added to the normal stem cell culture medium. The expression levels of self-renewal factors (KLF4, c-MYC,
NANOG, OCT4, and SOX2) and differentiation transcription factors (FOXA2, OTX2) were measured using real-time quantitative polymerase chain reaction,
immunofluorescence staining, and western blot analysis.

RESULTS AND CONCLUSION: (1) The logarithmic growth phase of H9 cells was between 3-6 days. Under normal growth conditions, human embryonic stem
cells secreted MIF at a concentration of approximately 20 ng/mL, independent of cell quantity. (2) Compared to the control group, the addition of different
concentrations of MIF had no effect on the proliferation of human embryonic stem cells (P > 0.05). ISO-1 significantly inhibited the proliferation of human
embryonic stem cells, with a stronger inhibition observed at higher concentrations of ISO-1 (P < 0.05). The addition of MIF in the presence of ISO-1 reduced
the inhibitory effect of ISO-1 (P < 0.05). (3) Real-time quantitative polymerase chain reaction showed that knocking out 50% of the MIF gene resulted in a
significant decrease in the growth vitality of human embryonic stem cells and failure to establish cell lines. (4) Adding 100 ng/mL exogenous MIF to the culture
medium resulted in a decrease in the mRNA, protein, and fluorescence expression levels of the self-renewal transcription factor KLF4, while the mRNA, protein,
and fluorescence expression levels of the differentiation factor FOXA2 increased. (5) When 100 ng/mL CXCR4 neutralizing antibody was added to the culture
medium, the mRNA and protein expression levels of KLF4 increased, while the mRNA and protein expression levels of FOXA2 decreased, contrary to the
expression trend observed in the MIF group. In conclusion, the endogenous secretion of MIF by human embryonic stem cells is essential for their survival. The
addition of MIF to the culture medium does not promote the proliferation of human embryonic stem cells. However, it can lead to a decrease in the expression
of the self-renewal factor KLF4 and an increase in the expression of the transcription factor FOXA2. This provides a clue for further investigation into the effects
and mechanisms of MIF on the differentiation of human embryonic stem cells. The MIF-CXCR4 axis plays a regulatory role in this process.
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1 #¥EF1753E Materials and methods

1.1 &t AR T RSN SER, 2 4L 0A] HUBCR B
K& 77 Z 43T (One-way ANOVA).

1.2 BFIA) Ab,E S2IGT 2021 4F 9 A £ 2023 4F 3 AfE
B A8 FAHT IR AT 9T 5 2 A B R S0 5 8 e

1.3 A

131 seiegnf. M ARG T4 R HO W H L
TeHFHED A IR 2 7] (2Q0692); 293T 4| i Iy H 7
5 4 g %2 (SCSP-502), mTeSR™1 Basal Medium. mTeSR™1
5xSupplement. Y-27632(STEMCELL, il % K ); Matrigel®
Matrix(Corning, 3% & } A MIF F I G2 W Bl v 0] & (U
kAW, TH)
% [ ); Lenti-Easy Packaging Mix( 35 Pl 2% [A, )
DMEM/F12, Accutase. Opti-MEM(Gibco, 3£ [ ); &M,
N A R Z (MCE, 3E[H ); Hifair® I 1st Strand cDNA Synthesis
SuperMix for RT-qPCR. Hieff® RT-gPCR SYBR Green Master
Mix( 48, HE); cek8 kA& (H%E, TE),
PGP K I i (£ DAPI), SDS-PAGE it fi P i fic il i
PR BRI S DB AR L 2E PR BRI A
FRic i =g/ (35 =R, ) T SOX2. Ji KLF4,
$L NANOG. $iT c-MYC. #ii OCT4. #i FOXA2, HL OTX2
(Proteintech, E[H ); 488 K Mhnid I Pid. 488 7t
FRCHI LR (Abcam, HE[H ),

132 SEEfYdt CO, HiFR4H (ESCO, Hilnif ): BDS400 f|
BAYRME (ERBEADGY, B ED): 2R
8 (H MRS EIRAR, E); SC-3612 fiLid &
OFL (ZBP R, PE ) BEdR{X (Bio Tek, 3£ );
S 5t 5 B PCR A JEAIY 1Y {X (Eppendorf, fE[H );
R R AR TT WL e BE T (MU R AR IR A
A, FHE ) aEsFROCER ST RS (B REER
HAEMRAR, E ) 2B E RS (Olympus, HA);
SDS-PAGE HLiK1X (Bio-Rad, £ [H ) WO IR M iR (Zeiss
2 ).

1.4 FEFHi%

141 NIRRTAMHTR ARG T40E 2 HO /£ mTeSR™1
BrgrEkh, AT 37 °C. BN 5% CO, MR
BRFRAR W MR IR, BN B A K HORES R i A i A T
J& B0

Lipofectamine 2000. Trizol(Invitrogen,
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YA, LA 5x10° A / FLE R T 12 LR, WE 3 AN AL,
BRI, F537 72 h, BB GBI ANRG T-40 ks 7% b
T, MIF ELISA BRI &0l e EiE R MIF 7K.
1.4.3 CRISPR/Cas9 +¥ A i AW i 4 i v 1) MIF 25k K]
4 MIF /%1 (NCBI: NM002415) ¥t 3 4% sgRNA, 415>
W : sgRNA-1: 5’- GAG GAA CCC GTC CGG CAC GG-3,
sgRNA-2: 5’-GAC CAG CTC ATG GCC TTC GG-3’, sgRNA-3; 5'-
TTG GTG TTT ACG ATG AAC AT-3", [ 4%} it NC-sgRNA £ 7]
A 5’-CGC TTC CGC GGC CCG TTC AA-3’, 1R #E sgRNA 5511
ANFE, 43N 1-sgRNA 41, 2-sgRNA 41, 3-sgRNA #. [
X B NC-sgRNA 2H DA X RAH, i FRZH AN 2, K
%41 sgRNA [T 51| 72 [% %2 lenti-sgRNA-EGFP J5i ki, Al 44
# Lenti-CAS9-puro Jii fii. #I [ sgRNA ()11 5 4 /A #h)
ZAE W ST AR A PR A A S8R, B lenti-sgRNA-
EGFP Jii ki DNA ¥ Opti-MEM
VRS £ 5 Lipofectamine 2000, Opti-MEM [{JVR &7/
1k R TR S, JEH DNA 5 Lipofectamine 2000 {354y &
G, R BN Opti-MEM 15 75 JE 1) 293T 4H fur, &%
7% 8 h JG S 4 5 AR R4 # 10% fif 4 37 1) DMEM $5 77 J&
dkeLiEIE 48 h, WER SRR BB W, AT IR
WaE. aifb. 7335, HO 4L N Lenti-CAS9 18 8, J&K
g3 d JE TR B R L, ANE IR IR &
[ sgRNA 185555, 7576 BB T M %2 GFP £k, 4w
Stk 80% LA LW AR A, 45 S 3R AT B b B T 3k %
$IE .
1.4.4 RNA 3EHUFNSZES %% )6 %€ & PCR(RT-gPCR) Y 4E 1-sgRNA
“H. 2-sgRNA ZH. 3-sgRNA 4. [H 4 X} fE NC-sgRNA £ 1)
BT AT AR DA R X B AL HO 4T B, i ] Trizol M55 2H 41 Bl
HrHR B EL RNA, i F Hifair® [ 1st Strand cDNA Synthesis
RNA J #% 5% i cDNA, 1§ F Hieff® RT-qPCR
SYBR Green Master Mix [t ffill 4 14 {4 2 ji¥ 2] S i 2% 't PCR
JE & A N 3 4T RT-gPCR 43 #r, 4 Wl MIF ) mRNA
*ik.

Wi B SN AL VR I MIF(100 ng/mL) B¢ CXCR4 Hh A T
14 (100 ng/mL) 1557 48 h J5 1 HO 4 Jiig L S xf I HO 41 i,
1 FH Trizol M 7% 2H 4 fits A #2 HUSL RNA, i B Hifair® 11 1st
Strand cDNA Synthesis SuperMix ¥ A& RNA < # % #%
cDNA, {#iF] Hieff® RT-qPCR SYBR Green Master Mix Jl il
B AR 5B S 9% PCR g &R I P 3E AT RT-gPCR 43
Mr, K Wl KLF4. c-MYC. NANOG. OCT4, SOX2. FOXA2
HT OTX2 ] mRNA ik, RT-qPCR i Fl LA R #4108 2R 45 14
£ 95 C F AR 5 ming SRJ5HEAT 40 MEFE ( RIFE 95 C
AR 10s, 7E 55 °C FiB/k 20s, fF 72 C FiEfH 205s).
510575 Wk 1. R RT-qPCR SEIG I B A 3 K. SR 2

Lenti-Easy Packaging Mix.

SuperMix ¥4 &L
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# 1 | RT-qPCR 5|55
Table1 | RT-qPCR primer sequences

SR AR 5175 (5°-3)

H-MIF-F ACA GCATCG GCAAGATCG G
H-MIF-R GCC GCG TTC ATG TCG TAA TAG
H-OCT4-F CAA AGC AGA AAC CCT CGT GC
H-OCT4-R AAC CAC ACT CGG ACCACATC
H-KLF4-F ATG CTC ACC CCACCTTCT TC
H-KLF4-R TTC TCA CCT GTG TGG GTT CG
H-NANOG-F GGATCCAGCTTG TCC CCA AA
H-NANOG-R TGT TTG CCT TTG GGA CTG GT
H-SOX2-F GAC AGT TAC GCG CAC ATG AA
H-SOX2-R TAG GTC TGC GAG CTG GTC AT
H-c-MYC-F CCCTCC ACT CGG AAG GACTA
H-c-MYC-R GCT GGT GCATTT TCG GTT GT
H-FOXA2-F ACT CCT CCG TGA GCAACA TG
H-FOXA2-R CTC AGG CTG GGA CTC AAG TG
H-OTX2-F GCA GTC AAT GGG CTG AGT CT
H-OTX2-R AAA CCATAC CTG CACCCT CG
H-GAPDH-F GGA GCG AGA TCC CTC CAA AAT
H-GAPDH-R GGC TGT TGT CAT ACT TCT CAT GG

ik MIF g EWEAR T R 40 R 7

1.4.5 CCK-8 VLA MANMIETE & HO i L 6 000 4~ / fL
EERAT 96 FLAR, MAHE 3 ANEIL, K 24, 48,
72 h, &FFLIIA 10 pL CCK-8, £ 37 ‘C N H 2 h, RS
XA 450 nm A RO BE AR

4 HO 4Hifu L 6 000 /> / L FE AT 96 LR, &4
WHE 3AMNEAL, RJEIMAAE 5 S K MIF(30, 100,
300 ng/mL). AN[EIME MIF #1171 1SO-1(2, 7, 21 pmol/L)
g, MIF(100 ng/mL)+ISO-1(2, 7, 21 pumol/L), 4 %] £ &
24, 48, 72h, HF{LIIN 10 uLCCK-8, #£37 ‘C FiEH 2 h,
FH T 5 SR W 450 nim 954 PRI TR 5 B 41

¥ HO i . 8 MIF 5 1) HO 41 g LA 6 000 4~ / fL
RN T 96 fLiR, MAHWE 3 NMEAL, HREIE, B
F72h, HFFLIN 10 puL CCK-8, 7E37 CFiEE 2h, H
BEEARASCRSE I 450 nm K PRI ' FE A
1.4.6 HPEDIESEE ST X BUAE KA HO 4, LA
2x10° AN / FLEE FE R T A AU ARIE A (¥ 24 LR, 4
Gy RN HRAEAT MIF 41, 6 BRZH N IF % mTeSR1 K5 772,
MIF ZI % MIF(100 ng/ml) f¥] mTeSR1 £5353E . 557 48 h
J5 H PBS W&, N 40 g/L Z R W EEVK B H 15 min,
T WA PBS IE e, IO 1 mL & P & 30 min,
4% B 5 41 SOX2. #71 KLF4. #71 NANOG. #i c-MYC. #i
OCT4. #i FOXA2, #{ OTX2( FRE/E N 1 © 100) 7E 4 C
B, PBSEYE, EEILITE 488 JEthnic 1YL AL
P =P (MOBEFESN 1 0 400)1 h, PBS & BE, S DAPI
P E RN, W 5 min, HE. BTG, 4%
B BB R
1.4.7 Western blot 5248 WA AL T X 5028 K IH I HO 41 i,
PL 3x10° AN / L FE RN T 6 LA, A5 404 xR 4

FEH, MIF 4001\ & MIF(100 ng/mL) f#) mTeSR1 % 37 4k,
CXCR4 w1 A4 ZH i\ 4 CXCR4 1 Flli 44 (100 ng/mL) [
mTeSR1 ¥ 5 K. 1735 48 h J5 I PBS &5 ¥k, {4 A RIPA %
ORI S H A P S, i BCA RN &
R IR JE AR S AN 7] 8 3 40+ ot R/ E %E%n
ML AR, 120V B R 70 B — Bt ], %% % PVDF i |,
A 250 mA fE g HLR % JEE 90 min, %% 15 5¢ 15 (1) PVDF fii
F Western 3 3] P £ ] 10 min, 43 7] 541 SOX2. #it
KLF4. #i NANOG. #i c-MYC. #i OCT4. #i FOXA2. #i
OTX2( M BE A 1 ¢ 1000) 7E 4 CHEIR FigE it i, 42
RIEW—4T, TBST Y, MIABAR I S YR bRc b2
PR L=EG/NR Pt (BN 1 1 5 000) =i 1SR
FE 2h, F& hu, TBSTIHBE, /5N ECL AL
HROG, NH Image ) BPF 5B % 2R RN R
1.5 EEZWREHR OANMIL T4 R HO 18 IE 5 5 77
Kot MIF 43 WK P @ 4R T MIF, MIF #0771 1SO-1,
MIF+ISO-1 DA S b MIF J PRD0o) ARG 40 A7 05 . 35
FIFEIR ;. @FMEYE MIF(100 ng/mL) X ARG 40 i 5 3%
BT IA 7 KLF4. c-MYC. NANOG. OCT4. SOX2, T4 i1
ﬁMJCI? FOXA2, OTX2 mRNA. £ [ R I1A DL J % ) v
f) 50 @ 4R JE 14 CXCR4 1 47T 44 (100 ng/mL) it A ik
En?%ﬂ@ﬁ&%%ﬁl? KLF4, c-MYC., NANOG. OCT4,
SOX2, -4 14 4k Xl F FOXA2. OTX2 mRNA DL &% 2K (4%
AR
1.6 it ot {4 Image J B 4bFE Western blot SZ56
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Figure 1 | Growth of human embryonic stem cells (H9) in normal medium
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Figure 2 | Effects of adding exogenous MIF and MIF inhibitor 1SO-1

on survival and proliferation of human embryonic stem cells in normal
medium
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Figure 3 | Effects of exogenous migration inhibitory factor (MIF) on self-renewal and differentiation marker of human embryonic stem cells
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