b E R AR Y Y 243 hitp://www.biother.cn

© 486 - Chin J Cancer Biother, May. 2026, Vol. 33, No.5
DOI1:10.3872/j.issn.1007-385x.2026.05.002 %5&5 "ﬂ- 7U

ALDH1A1 mRNA 7188 3SR R B R IMF S i 2l E TR %
& Nz

WEF, A, TR AR R (AR B EREREEARENB R ERE WSE LG LD
BRESRRT ,4BE 420 350014)

G ZE] 8@ 380 BB IATALDHIA D mRNA 71344 SR 40 i (DCO 9 T AR 47 5Bt 2 iR 98 T 40 B G0 9% S5 2 11D i
o F ik ARIMNE T ALDHIAT mRNA F L e 45 A\ AN E 1 DC, #J% ALDHIAL-DC FE 1 , ¥ 4 EGFP mRNA xR . it =0 4m i
AAE W DC 22 B I8k B 40 B S A 20 I 25 0% T bk EZ 40 CCTLO) 36 58 A4 B[R] 7~ 3« 43-i% ALDH F1 ALDH C666-1 41 i , 62l -4
Hubr E4(CD24.CD133) FlFPEJE K (OCT4.SOX2Nanog) IR IATK -, K CCK-8 11T 4li ALDH1A1-DC ¥ i 5 3 (1) 7 14 4
JE R S, 4 R EGFP-DC 7 RIEREFE & T R P DC(P <0.000 1), ALDHIA1-DC Fi 2 57> 7 HLA-ABC 3 il # 7
T CD86.CD40 1 CCR7 ik 5 A 5 Y DC AH HL T 25 18 5% (P = 0.001 3.P = 0.005 9.P = 0.000 4 J2 P = 0.001 9). 5 B ik 2 411 i
M) B3 DCH T R E A (DC-TO M L, ALDH1A1-DC i § (I CTL Eefili 2 (34 P < 0.000 1D, 535446 $ ke (P = 0.000 2.
P =0.000 3), . CD8"CD69" (P = 0.000 5.P < 0.000 1) F1 CD8" IFN-y" (P = 0.012 6. P = 0.001 9 ZJi] JJig ¥ 7 Lb 45 15 I 25 42 w0 o
ALDHI1A1-DC-T 4l /i %F ALDH'C666-1 i 41 g K ¥ 75 155 20 S 55 25t T ALDH 41 JE Bk (P = 0.001 00, H. 15 HoAth 55 2 9k R 4t A1
bl 26 T HE A 5 47T ALDHC666-1 2 V5 41 R BR A 405308 (P=0.001 0, P < 0.000 1) . #ATT , HLA-ABC BHIT 5 H: %} ALDH C666-1 4
P B S M A0 2 2 IR (P < 0,000 1) 0 48 4 : mRNA #4 DC Ji5 iR 1 2R 1 FE L E DC st , 195 HLi7% G4 7 1 CTL 4
SIRIRE T o

[RBEIR] TR TA P s T IO S T AL 5 A5 S DR 200 B 5 4 253 T AR LA o 5 o P e

[FES2S] R739.6;R730.51 [SC@EkFRiREE] A [XEHS]  1007-385x(2026) 05-0486-08

The specific immune response of dendritic cell vaccine pulsed with ALDH1A1
mRNA on nasopharyngeal carcinoma stem cells in vitro

XIE Yunqing, XU Yangmei, CHEN Shanshan, LIN Xiaowei, LIU Qinying (Fujian Provincial Key Laboratory of Tumor Biotherapy,
Fujian Cancer Hospital & Clinical Oncology School of Fujian Medical University, Fuzhou 350014, Fujian, China)

[Abstract] Objective: To investigate the ability of dendritic cell (DC) vaccine loaded with aldehyde dehydrogenase 1A1 (ALDH1AT)
mRNA to enhance anti-nasopharyngeal carcinoma stem cell immune responses in vitro. Methods: ALDHIA1 mRNA was transcribed in
vitro and electroporated into human peripheral blood-derived DCs to construct ALDH1A1-DC vaccine; EGFP mRNA was used as a
transfection control. Flow cytometry was employed to analyze DC phenotypes, lymphocyte subsets, cytotoxic T lymphocyte (CTL)
proliferation, and cytokine secretion. ALDH" and ALDH C666-1 cells were sorted; expression of stem cell markers (CD24, CD133) and
stemness-associated genes (OCT4, SOX2, Nanog) was analyzed. The specific cytotoxic capacity induced by ALDH1A1-DC was
evaluated using the Cell Counting Kit-8 (CCK-8) assay. Results: EGFP-DC exhibited significantly higher fluorescence expression than
untransfected DCs (P < 0.000 1). Moreover, ALDH1A1-DC significantly enhanced the expression of antigen-presenting molecules
HLA-ABC, co-stimulatory molecules CD86, CD40, and CCR7 compared to untransfected DCs (P = 0.001 3, P = 0.005 9, P = 0.000 4,
P =0.0019). Compared with the T lymphocyte group (T) and the DC-T group (DC-induced T lymphocytes), ALDH1A1-DC-induced T
lymphocytes (ALDH1A1-DC-T) exhibited the highest proportion of CTL (P < 0.000 1), the highest proliferation index (P =0.000 2 and
P =0.000 3, respectively), the highest proportions of CD8'CD69" cells (P = 0.000 5 and P < 0.000 1, respectively), and the highest
proportions of CD8" IFN-y subsets (P=0.012 6 and P=0.001 9, respectively). CCK-8 assay demonstrated that ALDH1A1-DC-T exhibited
significantly enhanced cytotoxicity against ALDH' C666-1 suspension spheres compared to ALDH spheres (P = 0.001 0). Furthermore,
ALDHI1A1-DC-T elicited the most potent anti-ALDH" C666-1 immune response among all lymphocyte groups tested (P = 0.001 0 and
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P <0.000 1, respectively). However, HLA-ABC blockade significantly attenuated this specific cytotoxicity (P < 0.000 1). Conclusion:

mRNA transfected into DCs can be translated into protein and promote the maturation of DCs and enhance the ability of DCs to induce

specific CTL immune response.
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nasopharyngeal carcinoma
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1.1 E2XFH 5

N ST Co66-1 41 B g th 7B AL YR
B R A, N ALDH1A1-pcDNA3.1(+) Fi ki S qRT-
PCR 5| ¥ ¥4 th b i 4 T A & & Bt # , EGFP-
pcDNA3.1(+) Jii i . TRIzol }z CFSE %e & 75 341 [ 35
Invitrogen A ] , Sma 1 FR il P4 Py U] Big 1 5 44
Qiagen A w1 , JiURL 2 B & 00 H AL 50 R AR A4 R
4 R 2 7], mMESSAGE mMACHINE® Kit i [ 3¢
Ambion 2 7] , RPMI 1640 & Opti-MEM 15 7 %5 | i
A= LT £ 0.25% JRRF 4 H 36 [E Gibeo A 1] , Mogengel
BRI A JE TR AR A R A E, — P ik
PrimeSecript™ qRT-PCR 57 & W 1 K% E AW T2
A E] AR 20 4R 95 1R T (thGM-
CSF).IL-4 J TNF-o ¥ [ 25 [H Peprotech 24 7] , IL-2
68 b 5% DY 3 25 F B A\, CD3 #41 . GT-T551

BRESWH L EHEEDEREGRA A,
E 41 B 4> B ¥ W% B 3% [E General Electric 24 # ,
HLA-ABC-ECD. CD86-PE. CD40-PC5. CCR7-PC7.
CD3-PC5/CD8-ECD/CD4-PE/CD69-APC-H7. CD133-
FITC.CD24-PE it 2\ 5% A S IFN-y 4t Jfa A 53 X
A EIE F 26 E BD A, Pt AHLA-ABCHifk
I 5 5% [H Thermo 2 @ , STEMCELL ALDEFLUOR™
Kit 4 H i1 % K STEMCELL Technologies A & , Cell
Counting Kit-8 (CCK-8) X 7] £ %) H & [E MCE A 7] ,
ABI 7500 S 9% ) 5 B PCR(RT-qPCR) YW [ 3
N AW & 48 A &), NanoDrop 2000c 1 H 3
Invitrogen /A &) , 4D-Nucleofector 4 g 1% % Jx A H
Hii -+ Lonza 24 7] , BD FACSArialllJi 228 i 23 1% A3
H 2 E BD A .
1.2 AALDHI1A1-DC J& # 89 432 % & A 4o i)
12.1 A ALDHIAl mRNA #1448

2 18 5 R 4 HIK ) & B S 42 X ALDH1AL-
pcDNA3.1 52 EGFP-pcDNA3.1 Fiki. FIFH Sma 1 L]
K7 5% ALDHIA1-pcDNA3.1 % EGFP-pcDNA3.1 Jii i
LR PEAL, [RIUSCBED) IS IR PR TR, DA AR, JE 5
mMESSAGE mMACHINE®Kit (Ambion 2 & ) i 47
ALDHI1A1 fl EGFP mRNA FJ & 4hy 4 , 5% LiCl [=] 1
5HEAT mRNA 2l [T, B AR B vl fl mL ik 65 52 [RTUAC )
mRNA , 73066 FE T4 I mRNA R
122 48 E#RANEMLDC

FlvER f AR 1 50~100 mlL &M & s ik . (2
TRR K 2 B e PR [ e A B 23 0 2 W A AL, R I3 3%
2B SRR R E R LS : K2024-354-01) , £ Ficoll
P T 00 93 B A0 ] I HRN A% 41 i (peripheral blood
mononuclear cell, PBMC) , I\ GT-T551 £5 723, DA%
2 x 104N /mL 5\ 75 e FRIZH AR ES I3, 2851 5 T
AN 37°C.5% CO, 557248, 598 2 h Jo , W B B
TFIRES G M R A7 5% o 1 U B 1 i 5% 9R A &R N D
A 20 mL GT-T551 5 7% £ ( & GM-CSF 500 ng/mL +
IL-4 500 ng/mL) , &FR% 1 d #MK 1 IR, HFREFREE 5 Kif
I TNF-a.(50 ng/mL) , T2 6 RUYEE DC AT #5 4k o
1.2.3 ALDHIAI-DC } EGFP-DC F{ R HE % i

K H Neon™ HL ¥ Yt R 41 1417 ALDHIA1 mRNA
ey, 78 Neon™ Kit i T51F,447 x g B0 5 min
IR IR E 55 6 R DC. 4 il L i€ /] DPBS M3k
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1R, B D Ve RE R . 083 x 104N /5 g
mRNA ] b7, BUiE & ) ALDH1A1 5 EGFP mRNA
2 1.5 mL W MESOES K DCEHBT TiEE
Buffer RIEW T IF N & A mRNA )&, iR
2], F Neon™ W S i A7 it MR FEAR AR JIG B, BT
Hi i & b, FLAR HL TR 230 V7, 4 BB 5 AR i B 34T FL §%
Gy, H YL EGFP mRNA 1 R Qe I BH X R4 . K r
¥ )5 DC it ¥ 7% 21 6 FLAR ', IF 40 78 DC 58 & 85 97
% (4% 500 ng/mL GM-CSF.500 ng/mL IL-4.50 ng/mL
TNF-0) , i 4R F8 3 mL.

1.2.4 JA A AN L8 EDC KA

Y24 h Jg , FE 2RO B T W% EGFP mRNA
YL DC [ %03 (EGFP-DC) , W 840 it , K FH i =X 4
JH ARG ¢ 5 . B0 U EE ALDHIAT mRNA #%
YL ) DC (ALDH1A1-DC) J 4 #% 4L ) DC, PBS ¥t %
YHA 2 I, 2 FRARE 1 > 104NN 10 uL $ik TAE
TR D EG S, N %6 % bR i it /& HLA-ABC-FITC .
CDS86-PE 2 CCR7-FITC, ¢ 5% & 20 min Ji , PBS ¥t
BRANA 2 UK, F 1 mL PBS HE 2 bR 5 HO 40, 3 =04
ARG #5240 DC R AL
1.3 ALDHIAI1-DC i F 4 7+t %95 RS 69 2 fie % €.
1.3.1 RALEAALNDCE S8 G E 48 j T2 A At

P 122 WS BIEM B R E TN S, I
GT-T551 5¢4 5335 CD3 5 pg/mL.IL-2 1 000 U/mL.
IFN-y 1 000 U/mL) #5572 h 5, BL 1:20 A EL 4 n A
ALDHI1A1-DC (ALDH1A1-DC-T 41 ) % & # %« DC
(DC-TADHREFR 72 h 5, B O, 2 1.2.4 75
i 771223847 CD3-PC5/CD4-PE/CD8-ECD it 205
PrARbRIC , YL 2 AH i A W % 2 bk B 40 B B 1
A, AR NN DC 755 F ik B2 40 i (T 20D 2 R 28 3
TR VRR EL AT A Sk R
1.3.2 B miR %

DPBS ¥t % 7 & i1 PBMC 3 X, i & 5%FBS ]
DPBS 5 £ 41 ffg - 1 B 5 A A IR FE N 1 x 10°/mL,
5 8 A& mL 40 9 in A\ 5 pmol/L CFSE [ It bt , %}
PBMC # AT #51c , 37 °C R R M. 5 min J&5 2500 UK SE 41
Jitl, DPBS Pk 41 i 3 7K, & 10% FBS 1) GT-T551 %
FREEVR L O B B T GT-TSS1 B 7 & (%
10% FBS & 1 000 U/mL IL-2) , $% #8 1:20 f EL 451 53 51
N & # % DC (DC-T 41 ) & ALDHIAI-DC
(ALDHIA1- DC-T4), &I DC itk EL 40 (T 28D
VE NS, 5597 72 h 5 B DU & A4, 4% 18 ik
1.3.1 J7 ¥ Jin N\ CD3-PC5/CD4-PE/CD8-ECD/CD69-
APC-H7 it SO P br i 40 i , It =X 40 AR I %
ZF 4R £ 40 i 7 B2 CD&™ T 4t o 388 5 A A6 175 V0L, DA
CFSE %% 5 (1) 4] 465 T 240 B A S BH PR X5 1, > H FCS

Express 7 G034 T 4H M 3 G 2 R $0 5 2 BT
1.3.3 4R F 4 w4l

FH 40 MR AT S 520 CD8” T4H g IFN-y
SR o FR IR GRS B PR PR 2
41 B 7E 1.5% FE 4 I ¢ 25 M (phytohemagglutinin-M,
PHA-MDAEH] FR5 7748 ho WA S 2 bR EX 4T A, 430
A 10% IfiL35 35 P Fe 32 4% , K H CD8- Hi 1 #5 & 4L K}
(electron coupled dye, ECD) Ht & 3k 17 41 ff 2R 1 e
20 min, [#5%E HEE)S , IN IFN=y-APC Ht/A 444,20 min,
Vel B0 5, FH 100 puL PBS H R4, 7 40 B AR
N5 2 6K L4 i TE Ny 5300 15 100
1.4 C666-1 tmfb & % m k3 5 B CSC 4 M X 7
1.4.1 ALDH % fi 4%

W% H A K T C666-1 ZH iR #2251 x 10°4/
mL, 7} 8 2 5, M R AT RN S uL = 2R R H g
(diethylaminobenzaldehyde, DEAB) (ALDH Py M 45
SEAEIRD R, 5 — B M EAF PBS I -
SRJE AR TR InN 2.5 pl #5140 1 ALDEFLUOR™ it
FI 332 BIVR AT, [N 30 min J& , 25O USCEE LI, I LA
PBS &4 filg , it 24 B A 53 $ ALDEFLUOR (FITC
WIED . R bRICE B 40 R R 2 o L
1T 43 3% 3t 43 7 U 42 ALDH' (ALDEFLUOR PH ) &
ALDH (ALDEFLUOR FHHE) 4 . 43 3% e 42 () 41 g
PBS ¥ 3 k)& , PBS B2 A Mo iie , B T 37 °C/K%
30 min PLPK & 40 il )9 ALDH B v 1, 58 A
ALDEFLUOR™ A IZEAT I & e o, 30 A i 2040
ASCREIN 4339 Jii (1 40 o 4 5
1.42 C666-1 & 5 40 f Bk 0 3% 55 B AWM

B R R AR 5, 18 4IRS, A8 FH A B 35 IR A
FEZ 1 mg/mL. [7] 6 FL 20 i 855 % B 2% T 0 N 225 o R
(50 pL/em®) , P4l 3550 , it G ™= A2 S, FRK 35 TR R
7E37 °C T E 24 h L RLE I . & (1) ALDH' &
ALDH 4 g /F 43 51 in A\ RPMI 1640 ¢ IfiL 75 £ 77 3,
TR TS 1 x 10°N/mL. W EE 5, &
FLIIAN R4 9 %% 1 mL, J- %M 78 1 mL RPMI 1640 ¢
I3 85 77 3, 6 JLARE T 37 °C . 5%CO, 15 77 46 h &%
Fr, WA AR KN
1.4.3 %7 C666-1 275 40 fe Bk iy T 1 55 15

10 d J& , AR B I 41 B BR 5 0.25% M i T 4L )5 I
22 2 95 DX 3 0 DA i) B R T B AR, i B 3R v
FE W (R 40 B2 R in N CD24-PE/CD133-FITC %% Y n
WP IEAT AR L, A AR A ALDH' &2 ALDH
ST SRR P A VR A g Bk R 1

K] qRT-PCR iFiti SOX2.0CT4 } Nanog -1 %
3R15 . 8 H TRIzol i 7l#2 L ALDH A2 ALDH 4l
KV ETFANUERAI A RNA . 2 PrimeScript™ qRT-PCR
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WAV, T 25 pL RN R G #E47 QRT-PCR. 5]
YIFHINAZ 1. SRY G55 [F¥ 2(SRY-box transcription
factor 2, SOX2) . POU 2& 5 [A] Ji #E 1 (POU class 5

homeobox 1, OCT4) /% Nanog [} #{£ (Nanog homeobox,
Nanog) {1715 7KF-LL GAPDH AN S ThRifELL , TR
29500 . RN SERR IS E A 3 IR

#1 qRT-PCR3|#1F%

5t Mnt/ i1k Ik
SOX2 5'-GGATAAGTACACGCTGCCCG-3' 5-ATGTGCGCGTAACTGTCCAT-3'
OCT4 5'-AACCCACACTGCAGCAGATCA-3' 5-TCTCGTTGTGCATAGTCGCT-3'
Nanog 5'-CAATGGTGTGACGCAGGGAT-3' 5'-TGCACCAGGTCTGAGTGTTC-3'
GAPDH 5'-CCCTCCGCTTCGCCCTCCGCTTCG-3' 5'-CACCCTGTTGCTGTAGCCAAA-3'

1.5 # M ALDHIAI1-DC-T %8 it 4t ALDH® CSC #9 4%
FtE TR

¥ CCK-8 VEHrill ALDH 1A 1-DC-T 48 ffa § )
SRR R %08 . ALDH K ALDH™ C666-1 £
TFAHMIERZE 0.25% NFMBEH 14 20 4H M 555 D 3 8 DA it
B RLE, B OSBRI, 2 LARE 1 < 10°4N/FLI
FEFEFRT 96 FLARAE A HEAHMD , 42 202 1 {2508 EL 43 5
A ALDHI1A1-DC-TDC-T J T 2H bk XL 40 B AE 9 850 4
i CREFLASN AR BN 2 x 1054, BRH % 3 M E AL
TV BRSO 4 g FLAR R B AL IR . B59R 24 h
J& » BFLIIN 20 uL CCK-8 171 82 2 h, Wl & 450 nm P
KAR IS (D, TR ARG R . g R =
[1 - (SEAL D1 — SN 40 FL DD/ Fa e A i
FLDAAE] x 100%.

ALDH' C666-1 4l il &7 3Rk & b iR J7 ¥ 4b B IF
N 96 LR J5 , ¥ B Bt N HLA-ABC $it 4 it A L
H1(10 mg/mL) , %I W 30 min, F4% 20 1 R LE
N ALDH1A1-DC-T 40 ig 7 %S 40 g« DA AR BH
W HLA-ABC ] ALDH" C666-1 40 g Ry %} 1. R
CCK-8 o il R 37 4 fifd 25493 2%

1.6 “itsas

K SPSS A db B AR , A5 & IR A B B
TR UL x £ 537, P 4 1) bb R H k3G, 2 4l
R AR ER 2 57 it CANOVA) , BLP < 0.05 5%,
P<0.01 BRERBEAGSE L.

2 #F R

2.1 ALDHIAI/EGFP mRNA 4k St 4 38 % = B 4 %
J& DC & & 547

T I 0 2 P v e W 5 SR (P 1AD B, 1 39 1)
ALDHI1A1 mRNA J7514: %) 2.0 kb, EGFP mRNA F Bt
K/NZ11.2 kb, 5 FIEE CDS 751308 K AT -

RGBT R (- IB) BN, Y24 h
J& EGFP-DC & 7~ 3 8,7 ', it X4 B A A il G & £
WM FRIEFE N (49,5 +6.81)%, 5 AR DC ML &
AP <0.00D) . FAGHEARRIN DC R, 45

(F10OER, 5K ERDC M, ALDHIALI-DC %
[l CC # 1k A ¥ 52 f& 7 (C-C chemokine receptor 7,
CCRD R IL B ETHE[(32.34 + 4.04)% vs (1021 +
3.42)%, P = 0.002], HL 12 £ 73 F HLA-ABC FL %
7> T CD86. CD40 K 1A 5 R YL DC 1 12 2 Tt &
[HLA-ABC: (96.29 + 1.83)% vs (67.24 + 6.00)%,
P = 0.001 3; CD86: (94.48 + 2.16)% vs (68.89 +
8.000% , P = 0.005 9; CD40: (91.39 + 3.13)% vs
(67.37+2.14)%,P = 0.000 4].

2.2 ALDHIA1-DC # 3 ) %.9% B A 77 42 M)

it A AR I 5 52 25 2 Ik L 200 T e 2 SR (P
2A) RN, CD3 Hu il )5 , T-DC-T & ALDHI1A1-DC-
T 4171 CD3" T 41 i 1) LU AZ) 50T 4 9k EL 4 R A L35y 2
PE[(88.77 £ 3.43)%.(91.73 + 1.60)%. (94.37 £ 2.01)%
vs (25.12 + 5.45)% , 34 P < 0.000 1], 1fi T-DC-T }%
ALDHI1A1-DC-TH RIS (P =0.228 0.
P=0.1484.P=0.063 0), [A]iF ALDH1A1-DC-T 41+
CTL(CD3'CDS8’ T 41 ) Ll 2 3 = F DC-T T I 4fi
TR EL ] A ZH [ (82.90 + 3.37)% ws (47.27 £3.67)%-
(34.2+3.60) % (14.63 + 7.08)% , ¥ P < 0.000 1)],
DC-THH CTL 5L EE & T THWP =0.007).

CFSE Jeta A I CTL 3458 1% 1t , $00 4 Bl 45 51
(|# 2B) & 7~ , ALDH1A1-DC-T 4t CTL 43 %4 48 %k
(divide index) i % /& T DC-T 415 T 41 [(22.56 +
1.43) vs (10.42 £ 0.76) . (6.28 £ 2.00) , P = 0.000 2,
P =0.000 3], 1 DC-T 44 CTL 153 2445455 T 4 4H
LA o 22 k(P =0.028).

TG AKG I 441 CD8” T 4K G bR &
CD69 J 73 Wh TFN-y I RE T, 45 3 (& 20) {7, 5 DC-T
K THAHEL , DC fi# ALDHIA1 mRNA J& , HiF S
ALDHI1A1-DC-T /1 CD8' T 41 ii [l CD69 F 1A % I 2
FEE[(61.56 + 3.53)% vs (28.70 + 4.52)% . (11.50 +
3.06)%,P=0.000 6P < 0.000 1], H 73 IFN-y [{j7K
TR H PR [(58.43 £ 4.84)% vs (42.02 £ 5.53) %
(29.21 +4.75)%,P=0.012 6 .P=0.001 7], Iff DC-T 41
5 T 2053 W IFN=y BI/K- %A 23 2 % (P=0.059 6)
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