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[ Abstract] Objective To construct programmed cell death protein-ligand 1(PD-LI)" tolerogenic dendritic cell
(tol-DC) derived from bone marrow of DA rats and identify its immunological function. Methods DA rat bone marrow
cells were extracted, combined with recombinant mouse granulocyte macrophage colony-stimulating factor and
recombinant mouse interleukin (IL)-4, and cultured for 6 days in vitro to induce the differentiation of bone marrow cells
into immature dendritic cells (imDC). Lipopolysaccharide was used to stimulate cell maturation and cultured for 2 days to
collect mature dendritic cells (mDC). PD-L1 lentiviral vector virus stock solution or equivalent dose lentiviral stock
solution was added, and PD-L1"tol-DC and Lv-imDC were collected after culture for 2 days. The morphology of PD-L1"
tol-DC was observed by inverted phase contrast microscope and transmission electron microscope. Real-time fluorescence
quantitative reverse transcription polymerase chain reaction, Western blotting and flow cytometry were used to detect the
expression level of specific markers on cell surface. CD8'T cells derived from Lewis rat spleen were co-cultured with
imDC, mDC, Lv-imDC and PD-L1"tol-DC, respectively. The levels of inflammatory factors in the supernatant of each
group were detected by enzyme-linked immunosorbent assay. The apoptosis of T cells and the differentiation of regulatory
T cells (Treg) in each group were analyzed by flow cytometry. Results The morphology of PD-L1"tol-DC modified by
PD-L1 gene was consistent with tol-DC characteristics, and the expression levels of CD80, CD86 and major
histocompatibility complex (MHC) on the surface were low. After mixed culture with CD8" T cells, the levels of IL-10 and
transforming growth factor (TGF) -p1 in the supernatant of PD-L1"tol-DC group were higher, the levels of tumor necrosis
factor (TNF) -a and IL-17A were lower, and the apoptosis of T cells and Treg differentiation were increased. Conclusions
Overexpression of PD-L1 through lentiviral vectors may successfully induce the construction of bone-marrow derived
PD-L1"tol-DC in DA rats, promote the secretion of anti-inflammatory factors and T cell apoptosis, induce the
differentiation of Treg, and inhibit the immune response of allogeneic CD8'T cells, which provides experimental basis for
the next organ transplantation immune tolerance study.

[ Key words] Dendritic cell; Organ transplantation; Immune tolerance; Immunosuppression; Programmed cell

death protein-ligand 1; T cell; Regulatory T cell; Inflammatory factor
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B A& 1 ( programmed cell death protein-ligand 1, PD-
L) , 5 THMEXWBRTEMMET-EA 1
( programmed cell death protein 1, PD-1) AHH.1E
Al T AN e R TCRESY . 36T 40 i A A AL
e RO P 72 L 3 e, RISt s ke T B bl e 2
HANTRIEECIES, BB %M, PD-L1 nfLIEN
) R EL AT T 32 Ja M 0 33 A 2 R AT ( regulatory
dendritic cell, DCreg) HJFRAET, JE# @50 CD8*
T 401 K 98 345 (natural killer, NK ) 4 i 5% 2
N7, AR RAE et 32 i R, (AR, BETESC
ik f A UL A PD-L1 A S s 90 4 T BE AR A1 5 tol-
DC A ARSI FE il . Mk, A TH% PD-L1 7£
B3 tol-DC J5 T B AN E, A S i@ it PD-L1 12
PR FE AL Y DA RERUEHBE IR Y A AR S TR 48
( immature dendritic cell, imDC) LIf4%: PD-L1"tol-
DC, Jf5 Lewis K EUPIERTEA CD8" T 40l TR
HHiFE, R DA KEERER IR PD-L1"tol-DC Xf
] A 514 CD8'T 4l A 1) fa i =4 R W AL, LA S it
PR tol-DC T 132 A 5 45 B RS A S e if 32 2 it
B2 SRR
1 #HHE57*
1.1 EIzh¥
TG 72 9 IR AR 9 I P DA K BB Lewis K R,
6~8 %, TRy 250 g, tT HERKEYH
OWSE, SER RA T B R IR IR 2E B
B, LS e [ 2023 ] -NZR-039. 5K
B ARG B B2t i h oy COCTFahie s SR
FIVEE R R AR ) FIEGIERL. SC00 sh W 7E 5 bt
BRI HEAT T A BT, ISR B BE Hb il 2 L5
ST RIAET .
1.2 RXFIF{LEE
R0 OB V& R - R 4R g4 2 (interleukin,
IL) -4 14 [ 25 [E PepreTech 2 &) ; RPMI-1640 8% 35
e R4 ITE W A VL% Biological Industries 23 ) ;
BLIE 1 ( phycoerythrin, PE) #RicAIHT KB CD8O
Pk ( CD80-PE) . PE#5ic (Bt K Bl CD86 HL &
(CD86-PE) . it 1 (allophycocyanin, APC)
RiC P KR EEAL AR A (major
histocompatibility complex, MHC ) M $ifk . PE #ric
(I3 K B PD-L1 Btk ( PD-L1-PE ) ¥ [ Jt 5 il
ARAEWABRA ] L0402 A R HET A
Ay BEZMEN [ 26E Sigma A H] ;I G A

( enzyme-linked immune absorbent assay, ELISA ) i
&g AR A SERHECA FRA R 5 N e A
FE N T2 A H
1.3 MRANBE5FE
131 XA F#@mies B 5 imDC, mDC, Lv-imDC.
PD-L1"tol-DC #4kshif $35 % DA KT RSt &
W N2 SRACIG 75% B0 S min, TCR B B
TR HRAE T B IF B POt , S mL VESER Sk Ad A H-#E
i, BERRERZZ I ( phosphate buffer saline, PBS) JZ
bR B 2 AR IR B BRI S PBS A,
W MRS O, FE BT s RPMI-1640 K37k 8 B4l
JL IR A A AR T A SR, AR A i SR
R 7. AN IL-4; B H P EER, #hdii
K E2AESHEFR 6 d Itk imDCP', imDC A
I pg/mL MUAE 205, LA, ARG SR fa dn 2t
Rig% 2 d ATUSC4E mDC; #2280 ( multiplicity of
infection, MOI) {H 4 50, %FfL imDC HILA T 2 i &
U0 PD-L1 189 2 440 1 I v ([ 55 591 2t 1) 4
B9 B OB 71 imDC /E N Lv-imDC X} fR41 ) , 1%
7 24 h JE R B G SR AL, B TR T E
R 9% 24 h J5 Y4 PD-L1"tol-DC 1 Lv-imDC, i F
159] ¥ AH 22 100058 WL G il I A M 28551 10 s 5 el
BRYE
132 CDS8'T @8  Lewis KR SFHLEMEE T
JE B MBI, MR B} BY 5T 6 i BT 100 H 4 MR L,
5 mL JC I 5 AR ET O R IR R G, RPMI-1640 5%
FRELOPVRANARE 3 vk, SRIRAME, SREImAK
LA R i gk L 40 M 3 B WK 10 mL, 900xg & L
30 min, FZMAANMEAEE - SR 1 2T, AR
YRR Bl 2% 10°/L, 434 % EP 4, 4 MACS CD8’
T 4 53326 1050 Sk 431% CDS'T 4ifi.

133 EuEARFTHEHLFIREBELY  WIRSH
i (B2 1x10° 400 ), 4R LS RNA,
SEET G E B A EESE SN ( real-time fluorescent
quantitative polymerase chain reaction, RT-qPCR) Xi
WA AR bR . LAAHXS SRk & 279 R4
115 fff RNA ( messenger RNA, mRNA ) #HXf & ik
i, 5P AIER 1.
134 & @ mepx Y4 imDC, mDC, Lv-
imDC. PD-L1"tol-DC ( £41%) 1x10° 40 ) , 24
R ICHA S . &Ik, #IRE, E=iREMA 2h
(5% W AE Wik ) o 43/ A CD80 (1:5000) .
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CD86 (1:1000) . MHCIT (1:1000) . GAPDH
(1:2000) —41 4 CHEIHR . EEHEMABRLT
AALYIE bR IC R —ht, FIRWE 1.2 he PRSI
HEHA

135 AX@miek B E imDC, mDC, Lv-
imDC. PD-L1"tol-DC, i il 4 28 4 Jif 2 Ifif # 7&
ik,

136 DCL5 CD8" Tmie k34 s CDS' T4
s, PBS PE 1~2 3, F RPMI-1640 5485 F7 L
B, AR A, DAL 1~5x10° #ERP T 24 LS
FEM . %8 imDC, mDC, Lv-imDC, PD-L1"tol-DC
5 CD8" T4 M Lk 1 : 101", 2F¢ imDC. mDC,
Lv-imDC, PD-L1"tol-DC itk ( 1~5) x10* 43 54
3] Transwell /N, B35 6 d,

1.3.7 ELISA Y45 CD8' T 40 et 55 %19 imDC
mDC. Lv-imDC. PD-L1"tol-DC, £&5.LJ5l ig
W, 8 BELISA A &kl IL-10, FfbAd KW T
( transforming growth factor, TGF ) -B. JJEIRALH
F (tumor necrosis factor, TNF ) -a. IL-17A /KF,
13.8 CD8' T @A E.OWRELE4U] DC L
Ry CDS' T4, vy PBS B0k 2k, # b
W, BOolE (1~3) x10° N4, @i ik
T BRI 5 L A R T O

1.3.9 A BT mpbhnl  sOEEILR SRR CD8*

TN, e PBS BI.OVERR 2K, # BV, A
PBS H LA, R A E S 1x107/mL, AT
A M ARG I 45 2H V8 574 T 400 ( regulatory T cell,
Treg) srHbiEHL.
14 FitEFHE

K HI SPSS 21.0 AP TG A0 . AT EIEDS
ST RGO A bR 22 R, 241 HUBCR
FHE R R Ty 22508, i — 2L P L BCR T LSD- 43
5. P<0.05 hZERAGIHE L,

2 % X

2.1 PD-L1"tol-DC &5 F L E
8] B AH 2% W38 T W88 PD-L1"tol-DC 4= K AF
fb: QL HT imDC A RIE &R A, REW B
(E1A) 3 ¥YL)5155% 48 h i) PD-L1%tol-DC 4 Jity
BRI (B 1B) , ST AL 7R PD-L1"tol-DC 2
Mughtg ek . mii (K 1C) .
2.2 HREREAREDR
RT-qPCR 5 R B 7n, 5 mDC L #, imDC [
PD-L1 mRNA EiEH £, LM AR EY) CD8O.
CD86 J2 MHC Il mRNA £ ik /> ; 5 imDC %%,
PD-L1"tol-DC [ PD-L1 mRNA £k % , F
br ¥ CDSO. CD86 % MHCIT mRNA % ik I /b
(¥4 P<0.05, E2A) .

*1 5lMF3
Table 1 Primers sequences

SEH PR (bp) LS (5'—-3") THESIY (5'—3")

B-actin 150 CCCATCTATGAGGGTTACGC TTTAATGTCACGCACGATTTC
PD-L1 88 GAGTATGGCAGCAATGTCAC CCTTTTCCCAGTACACCACT
CD80 178 CTGTCAAATTCCGACGCTG ACCAGAGAGGCTTCACCTAGA
CD86 122 TGTCTCTTTCTGCTGGTCGT ATCGACTCGTCAACACCACT
MHCII 100 ACAACAAATGAAACCGGAAC AAAGACTGCTAATGGGTCAG

e A B EE A2 ST imDC 5537 6 d JES (x400) 5 B KI5 B A 22 83888 imDC %54 PD-L1 J5#53% 48 h JEZ&

(x400) ; C &2} PD-L1"tol-DC B HETEA (x1000) .

1 PD-L1"tol-DC FEHEE
Figure 1 Morphological identification of PD-L1"tol-DC
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Figure 2 Expression of CD80, CD86 and MHC 1I in PD-L1"tol-DC
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( P<0.05, & 3A) ; PD-LI"tol-DC ¥ 5 [a] Fl 5 {&
T 40 94 T2 B4 ( P<0.05, & 3B) ; PD-L1"tol-
DC i SRR SR T 401 CD25 Foxp3 Treg 434k H 14
i (P<0.05, K 3C) .
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Figure 3 Immunosuppressive functions of PD-L1"tol-DC
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& #4 E#E PD-L1"tol-DC 1 R bt JFE 42 S 40 1) T 40
MALRAR A5 A5 Sl . MR (55 E, 2k
T T Y e i Z I N R —, R RY
Castenmiller Z5PY 4 38 A9 tol-DC i} 5% 4 & AU 5 1F —
o M2, RAER TR AL Y & 43
Z 57T t0l-DC 5 S P 52 iR 2122, Ak
A i i o P AN A MRS BE 75 DC AR iR K
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AR TIRE S tol-DC it 32 PEAH SE A LI A 55 24,
X ARRFATA] LA PD-L1Mtol-DC [ B AR5 £ 32 i —
U A B RO, Bn] ORI T S T
I — PR

tol-DC fiz Ky 5 % (1 e 8 2= DI e PA $6 b b 5 5
T 40 7= S Treg 43 Ak (149 BE 1 125200, A F 5¢ 3 3
DA BB 8 FC U5 9 AT 1% 41 Jfd 1 ) #4 22 PD-L1"tol-
DC, ALEEEREN, 5 imDC, mDC # %z,
PD-L1"tol-DC i#5F T 40 IR 1=} Treg 4L RE S1 T
i B2, SR 280 ¢ tol-DC FfE 2= Y ik
FRINSEIGHIF T AN R0 ARAIFGE BE £ Lewis KRR
JIESK IR 1 CD8'T 40 AR Sy By 4 i, Wi %€ PD-L1™
tol-DC A Ay il i 4 M T [ F 544 CD8™ T 448 ik 1 3l i
ﬁﬁ i%“%ﬁMﬁAﬁﬁEW%Eﬁmmiﬁ%
sk, PE—HESET PD-L1 35S Treg b/ S50y it
x%i%ﬁmmo

2i B Arik, ARWFSEE T PD-L1 K& & i imDC
IR T —Fh tol-DC, BAFES THMIE T ik
3 Treg /LR 2ETIRE, MR TE T tol-DC A
HMFE S AL, SR, PD-L1 3458 imDC it 321 (1 40 g
INHILTI i g i — 2D 9E P2 53 0h, Treg J& —Fh L[]
RS MY, HE—2E 06k Treg WAEXT T4 HEF
SN 7 B B X AR RIF R 2k
T SR A A e R AR R B i R U PD-L1"tol-
DC AT HZIAKE, 05845 R R 2 R KR
A PrEcGE , LR LEIME e — D2 2
. AR{E A PR ESZ AR B S o IR 5 M S0 0 i
FEAR T EEA S5 T 750 8% A A2 1A 09 1 DR 17 12 36 3% 7 T
JRES T R R P B AR SRR G R R A
[F] SR W 175 tol-DC JRIHE 2 B B Al e 73 S g i) A4 P AL
TS SCHE AR R HE S LI R B FHES
S 3Ck:

[1] MORANTE-PALACIOS o, FONDELLI F,
BALLESTAR E, et al. Tolerogenic dendritic cells in
autoimmunity and inflammatory diseases[J]. Trends
Immunol, 2021, 42(1): 59-75. DOI: 10.1016/j.1t.2020.11.

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

001.

ZHUANG Q, CAI H, CAO Q, et al. Tolerogenic
dendritic cells: the pearl of immunotherapy in organ
transplantation[J]. Front Immunol, 2020, 11: 552988.
DOI: 10.3389/fimmu.2020.552988.

PASSERI L, MARTA F, BASSI V, et al. Tolerogenic
dendritic cell-based approaches in autoimmunity [J]. Int
J Mol Sci, 2021, 22(16): 8415. DOI: 10.3390/
jms22168415.

SVAIGER U, ROZMAN P J. Recent discoveries in
dendritic  cell tolerance-inducing pharmacological
molecules[J]. Int Immunopharmacol, 2020, 81: 106275.
DOI: 10.1016/j.intimp.2020.106275.

PENG Q, QIU X, ZHANG Z, et al. PD-L1 on dendritic
cells attenuates T cell activation and regulates response
to immune checkpoint blockade [J]. Nat Commun, 2020,
11(1): 4835. DOI: 10.1038/s41467-020-18570-x.
HANDELSMAN S, OVERBEY J, CHEN K, et al. PD-
L1’s role in preventing alloreactive T cell responses
following hematopoietic and organ transplant[J]. Cells,
2023, 12(12): 1609. DOI: 10.3390/cells121216009.
MACEDO C, TRAN L M, ZAHORCHAK A F, et al.
Donor-derived regulatory dendritic cell infusion results
in host cell cross-dressing and T cell subset changes in
prospective living donor liver transplant recipients[J].
Am ] Transplant, 2021, 21(7): 2372-2386. DOI: 10.1111/
ajt.16393.

TRAN L M, MACEDO C, ZAHORCHAK A F, et al.
Donor-derived regulatory dendritic cell infusion
modulates effector CD8" T cell and NK cell responses
after liver transplantation[J]. Sci Transl Med, 2023,
15(717): eadf4287. DOI: 10.1126/scitranslmed.adf4287.
GOLD M J, ANTIGNANO F, HUGHES M R, et al.
Dendritic-cell expression of Shipl regulates Th2
immunity to helminth infection in mice[J]. Eur J
Immunol, 2016, 46(1): 122-130. DOI: 10.1002/eji.
201545628.

N5, A, AR, A5 Lewis K RUEBEAR IR A
MRS SR A ER I 5 S [ T 4L TR
%, 2024, 28(25): 4013-4017. DOIL: 10.12307/2024.190.
LI L Q LI M H, LI L, et al. Extraction and
differentiation of mature and immature dendritic cells
from Lewis rat bone marrow [J]. Chin J Tissue Eng Res,
2024, 28(25): 4013-4017. DOI: 10.12307/2024.190.
DAHLQVIST G, RENAUD S, BARJON C, et al.
Modulatory effect of rapamycin and tacrolimus on
monocyte-derived dendritic cells phenotype and
function[J]. Immunobiology, 2021, 226(1): 152031.
DOI: 10.1016/j.imbi0.2020.152031.

BOSNJAK B, DO K T H, FORSTER R, et al. Imaging
dendritic cell functions[J]. Immunol Rev, 2022, 306(1):
137-163. DOI: 10.1111/imr.13050.

YIN X, CHEN S, EISENBARTH S C. Dendritic cell
regulation of T helper cells[J]. Annu Rev Immunol,
2021, 39: 759-790. DOI: 10.1146/annurev-immunol-
101819-025146.

LUTZ M B, SCHULER G. Immature, semi-mature and
fully mature dendritic cells: which signals induce
tolerance or immunity?[J]. Trends Immunol, 2002,
23(9): 445-449. DOLI: 10.1016/s1471-4906(02)02281-0.
GROUX H, FOURNIER N, COTTREZ F. Role of
dendritic cells in the generation of regulatory T cells[J].
Semin Immunol, 2004, 16(2): 99-106. DOI: 10.1016/j.
smim.2003.12.004.


https://doi.org/10.1016/j.it.2020.11.001
https://doi.org/10.1016/j.it.2020.11.001
https://doi.org/10.1016/j.it.2020.11.001
https://doi.org/10.1016/j.it.2020.11.001
https://doi.org/10.3389/fimmu.2020.552988
https://doi.org/10.3389/fimmu.2020.552988
https://doi.org/10.3390/ijms22168415
https://doi.org/10.3390/ijms22168415
https://doi.org/10.3390/ijms22168415
https://doi.org/10.3390/ijms22168415
https://doi.org/10.1016/j.intimp.2020.106275
https://doi.org/10.1016/j.intimp.2020.106275
https://doi.org/10.1038/s41467-020-18570-x
https://doi.org/10.1038/s41467-020-18570-x
https://doi.org/10.1038/s41467-020-18570-x
https://doi.org/10.1038/s41467-020-18570-x
https://doi.org/10.1038/s41467-020-18570-x
https://doi.org/10.1038/s41467-020-18570-x
https://doi.org/10.1038/s41467-020-18570-x
https://doi.org/10.1038/s41467-020-18570-x
https://doi.org/10.3390/cells12121609
https://doi.org/10.3390/cells12121609
https://doi.org/10.1111/ajt.16393
https://doi.org/10.1111/ajt.16393
https://doi.org/10.1111/ajt.16393
https://doi.org/10.1126/scitranslmed.adf4287
https://doi.org/10.1126/scitranslmed.adf4287
https://doi.org/10.1002/eji.201545628
https://doi.org/10.1002/eji.201545628
https://doi.org/10.1002/eji.201545628
https://doi.org/10.1002/eji.201545628
https://doi.org/10.12307/2024.190
https://doi.org/10.12307/2024.190
https://doi.org/10.12307/2024.190
https://doi.org/10.12307/2024.190
https://doi.org/10.12307/2024.190
https://doi.org/10.1016/j.imbio.2020.152031
https://doi.org/10.1016/j.imbio.2020.152031
https://doi.org/10.1111/imr.13050
https://doi.org/10.1111/imr.13050
https://doi.org/10.1146/annurev-immunol-101819-025146
https://doi.org/10.1146/annurev-immunol-101819-025146
https://doi.org/10.1146/annurev-immunol-101819-025146
https://doi.org/10.1146/annurev-immunol-101819-025146
https://doi.org/10.1146/annurev-immunol-101819-025146
https://doi.org/10.1146/annurev-immunol-101819-025146
https://doi.org/10.1146/annurev-immunol-101819-025146
https://doi.org/10.1146/annurev-immunol-101819-025146
https://doi.org/10.1016/s1471-4906(02)02281-0
https://doi.org/10.1016/s1471-4906(02)02281-0
https://doi.org/10.1016/s1471-4906(02)02281-0
https://doi.org/10.1016/s1471-4906(02)02281-0
https://doi.org/10.1016/s1471-4906(02)02281-0
https://doi.org/10.1016/s1471-4906(02)02281-0
https://doi.org/10.1016/j.smim.2003.12.004
https://doi.org/10.1016/j.smim.2003.12.004
https://doi.org/10.1016/j.smim.2003.12.004

<90 - R E B %16 4

[16] ZAHORCHAK A F, DERIGGIM L, MUZZIO J L, et al. intimp.2021.107978.

Manufacturing and validation of Good Manufacturing [28] BOSTEELS V, MARECHAL S, DE NOLF C, et al.
Practice-compliant regulatory dendritic cells for infusion LXR signaling controls homeostatic dendritic cell
into organ transplant recipients[J]. Cytotherapy, 2023, maturation[J]. Sci Immunol, 2023, 8(83): eadd3955.
25(4): 432-441. DOLI: 10.1016/j.jcyt.2022.11.005. DOI: 10.1126/sciimmunol.add3955.

[17] LEBLANC-HOTTE A, AUDIGER C, CHABOT-ROY [29] NAVARRO-BARRIUSO J, MANSILLA M ],
G, et al. Immature and mature bone marrow-derived QUIRANT-SANCHEZ B, et al. Vitamin D,-induced
dendritic cells exhibit distinct intracellular mechanical tolerogenic dendritic cells modulate the transcriptomic
properties [J]. Sci Rep, 2023, 13(1): 1967. DOI: 10.1038/ profile of T CD4" cells towards a functional
$41598-023-28625-w. hyporesponsiveness[J]. Front Immunol, 2020, 11:

[18] PASSERI L, ANDOLFI G, BASSI V, et al. Tolerogenic 599623. DOI: 10.3389/fimmu.2020.599623.
IL-10-engineered dendritic cell-based therapy to restore [30] LIU H, BAKTHAVATSALAM R, MENG Z, et al. PD-
antigen-specific tolerance in T cell mediated diseases[J]. L1 signal on liver dendritic cells is critical for
J Autoimmun, 2023, 138: 103051. DOI: 10.1016/j.jaut. Foxp3(+)CD4"CD25" Treg and liver tolerance induction
2023.103051. in mice[J]. Transplant Proc, 2013, 45(5): 1853-1855.

[19] COMI M, AMODIO G, PASSERI L, et al. Generation of DOI: 10.1016/j.transproceed.2013.03.015.
powerful human tolerogenic dendritic cells by lentiviral- [31] NAKANO R, YOSHIDA O, KIMURA 8, et al. Donor
mediated IL-10 gene transfer[J]. Front Immunol, 2020, plasmacytoid dendritic cells modulate effector and
11: 1260. DOT: 10.3389/fimmu.2020.01260. regulatory T cell responses in mouse spontaneous liver

[20] CASTENMILLER C, KEUMATIO-DOUNGTSOP B C, transplant tolerance[J]. Am J Transplant, 2021, 21(6):
REE R V, et al. Tolerogenic immunotherapy: targeting 2040-2055. DOI: 10.1111/ajt.16412.

DC surface receptors to induce antigen-specific [32] VOGEL A, MARTIN K, SOUKUP K, et al. JAK1
tolerance[J]. Front Immunol, 2021, 12: 643240. DOL: signaling in dendritic cells promotes peripheral tolerance
10.3389/fimmu.2021.643240. in autoimmunity through PD-L1-mediated regulatory T

[21] BOURQUE J, HAWIGER D. Life and death of cell induction[J]. Cell Rep, 2022, 38(8): 110420. DOI:
tolerogenic dendritic cells[J]. Trends Immunol, 2023, 10.1016/j.celrep.2022.110420.

44(2): 110-118. DOL: 10.1016/.it.2022.12.006. [33] DIKIY S, RUDENSKY A Y. Principles of regulatory T

(22] IBERG C A, BOURQUE J, FALLAHEE I, et al. TNF-o cell function[J]. Immunity, 2023, 56(2): 240-255. DOI:
sculpts a maturation process in vivo by pruning 10.1016/j.immuni.2023.01.004.
tolerogenic dendritic cells[J]. Cell Rep, 2022, 39(2): [34] THOMSON A W, SASAKI K, EZZELARAB M B.
110657; DOL 10.!016/j.celrep.2022.110657. Non-human primate regulatory T cells and their

[23] GARCIA-GONZALEZ P A MAGGI J, assessment as cellular therapeutics in preclinical
SCHINNERLING K, et al. Regulation of tolerogenic transplantation models[J]. Front Cell Dev Biol, 2021, 9:
features on dexamethasone-modulated MPLA-activated 666959. DOI: 10.3389/fcell.2021.666959.
dendritic cells by MYC[J]. Front Immunol, 2019, 10: [35] BEDNARSKI J J, ZIMMERMAN C, BERRIEN-
1171. DOL: 10.3389/fimmu.2019.01171. ELLIOTT M M, et al. Donor memory-like NK cells

[24] SENK, PATIR, JHA A, et al. NCoR1 controls immune persist and induce remissions in pediatric patients with
tolerance in conventional dendritic cells by fine-tuning relapsed AML after transplant[J]. Blood, 2022, 139(11):
glycolysis and fatty acid oxidation[J]. Redox Biol, 2023, 1670-1683. DOI: 10.1182/blo0od.2021013972.

59: 102575. DOL: 10.1016/j.redox.2022.102575. [36] DUNETON C, WINTERBERG P D, FORD M L.

[25] KENISON J E, STEVENS N A, QUINTANA F J. Activation and regulation of alloreactive T cell immunity
Therapeutic induction of antigen-specific immune in solid organ transplantation[J]. Nat Rev Nephrol,
tolerance[J]. Nat Rev Immunol, 2024, 24: 338-357. 2022, 18(10): 663-676. DOIL 10.1038/s41581-022-
DOI: 10.1038/s41577-023-00970-x. 00600-0.

[26] Hiisas, =W, Mo SZPER SORAMAENT RS S22 [37) WONG P, CINA D P, SHERWOOD K R, et al. Clinical
H A A AT 5Tk D). AR E RS AL, 2024, 15(4): 575- application of immune repertoire sequencing in solid
580. DOIL: 10.3969/].issn.1674-7445.2024039. organ transplant[J]. Front Immunol, 2023, 14: 1100479.
YANG Z Q, LI M H. Research progress on the role of DOI: 10.3389/fimmu.2023.1100479.
tolerogenic dendritic cells in immune tolerance of liver [38] MA Y, SHI R, LI F, et al. Emerging strategies for
transplantation[J]. .Organ Transplant, 2024, 15(4): 575- treating autoimmune disease with genetically modified
580. DOL: 10.3969/] .issn.1674-7445.2024039. dendritic cells[J]. Cell Commun Signal, 2024, 22(1):

[27] SVAIGER U, TESIC N, ROZMAN P. Programmed

death ligand 1 (PD-L1) plays a vital part in DC
tolerogenicity ~ induced by  IFN-y[J]. Int
Immunopharmacol, 2021, 99: 107978. DOI: 10.1016/;.

262. DOIL: 10.1186/s12964-024-01641-7.
(Weks B3 . 2024-08-08)
(KX m3g. 7318 ZHhA)


https://doi.org/10.1016/j.jcyt.2022.11.005
https://doi.org/10.1016/j.jcyt.2022.11.005
https://doi.org/10.1038/s41598-023-28625-w
https://doi.org/10.1038/s41598-023-28625-w
https://doi.org/10.1038/s41598-023-28625-w
https://doi.org/10.1038/s41598-023-28625-w
https://doi.org/10.1038/s41598-023-28625-w
https://doi.org/10.1038/s41598-023-28625-w
https://doi.org/10.1038/s41598-023-28625-w
https://doi.org/10.1038/s41598-023-28625-w
https://doi.org/10.1038/s41598-023-28625-w
https://doi.org/10.1016/j.jaut.2023.103051
https://doi.org/10.1016/j.jaut.2023.103051
https://doi.org/10.1016/j.jaut.2023.103051
https://doi.org/10.3389/fimmu.2020.01260
https://doi.org/10.3389/fimmu.2020.01260
https://doi.org/10.3389/fimmu.2021.643240
https://doi.org/10.3389/fimmu.2021.643240
https://doi.org/10.1016/j.it.2022.12.006
https://doi.org/10.1016/j.it.2022.12.006
https://doi.org/10.1016/j.celrep.2022.110657
https://doi.org/10.1016/j.celrep.2022.110657
https://doi.org/10.3389/fimmu.2019.01171
https://doi.org/10.3389/fimmu.2019.01171
https://doi.org/10.1016/j.redox.2022.102575
https://doi.org/10.1016/j.redox.2022.102575
https://doi.org/10.1038/s41577-023-00970-x
https://doi.org/10.1038/s41577-023-00970-x
https://doi.org/10.1038/s41577-023-00970-x
https://doi.org/10.1038/s41577-023-00970-x
https://doi.org/10.1038/s41577-023-00970-x
https://doi.org/10.1038/s41577-023-00970-x
https://doi.org/10.1038/s41577-023-00970-x
https://doi.org/10.1038/s41577-023-00970-x
https://doi.org/10.3969/j.issn.1674-7445.2024039
https://doi.org/10.3969/j.issn.1674-7445.2024039
https://doi.org/10.3969/j.issn.1674-7445.2024039
https://doi.org/10.3969/j.issn.1674-7445.2024039
https://doi.org/10.3969/j.issn.1674-7445.2024039
https://doi.org/10.3969/j.issn.1674-7445.2024039
https://doi.org/10.3969/j.issn.1674-7445.2024039
https://doi.org/10.3969/j.issn.1674-7445.2024039
https://doi.org/10.1016/j.intimp.2021.107978
https://doi.org/10.1016/j.intimp.2021.107978
https://doi.org/10.1016/j.intimp.2021.107978
https://doi.org/10.1016/j.intimp.2021.107978
https://doi.org/10.1126/sciimmunol.add3955
https://doi.org/10.1126/sciimmunol.add3955
https://doi.org/10.3389/fimmu.2020.599623
https://doi.org/10.3389/fimmu.2020.599623
https://doi.org/10.1016/j.transproceed.2013.03.015
https://doi.org/10.1016/j.transproceed.2013.03.015
https://doi.org/10.1111/ajt.16412
https://doi.org/10.1111/ajt.16412
https://doi.org/10.1016/j.celrep.2022.110420
https://doi.org/10.1016/j.celrep.2022.110420
https://doi.org/10.1016/j.immuni.2023.01.004
https://doi.org/10.1016/j.immuni.2023.01.004
https://doi.org/10.3389/fcell.2021.666959
https://doi.org/10.3389/fcell.2021.666959
https://doi.org/10.1182/blood.2021013972
https://doi.org/10.1182/blood.2021013972
https://doi.org/10.1038/s41581-022-00600-0
https://doi.org/10.1038/s41581-022-00600-0
https://doi.org/10.1038/s41581-022-00600-0
https://doi.org/10.1038/s41581-022-00600-0
https://doi.org/10.1038/s41581-022-00600-0
https://doi.org/10.1038/s41581-022-00600-0
https://doi.org/10.1038/s41581-022-00600-0
https://doi.org/10.1038/s41581-022-00600-0
https://doi.org/10.3389/fimmu.2023.1100479
https://doi.org/10.3389/fimmu.2023.1100479
https://doi.org/10.1186/s12964-024-01641-7
https://doi.org/10.1186/s12964-024-01641-7
https://doi.org/10.1186/s12964-024-01641-7
https://doi.org/10.1186/s12964-024-01641-7
https://doi.org/10.1186/s12964-024-01641-7
https://doi.org/10.1186/s12964-024-01641-7
https://doi.org/10.1186/s12964-024-01641-7
https://doi.org/10.1186/s12964-024-01641-7

