[ iR A iR 243 hitp:/www.biother.cn

Chin J Cancer Biother, Mar. 2026, Vol. 33, No.3 . 233 -
DOI1:10.3872/j.issn.1007-385x.2026.03.002 %5&5 "ﬂ- 7U

S FRIA ML E B T EE5R CAR-T 40 7E L& 5514 T 894451 B B3 48 B
FA1ER

MR A R EAR, EHAS RS, RBRIAR, I 2 A INE R (1L s K
F AGHFFR, KRG B2 716000;2. T EFERF ABMEFRE AVRFELSTFTADFHAE, KB
B 710032;3. T EFERSY ABEFRE LAFHFAE,K® % 710032:4. 2 EFFERY BRER
A=A km B\ 710032;5.47 4 EF IR BEFHKFIR,TH S 453003)

(5 ZE] & @ KRR ML E QW (HBA/HBB) WA R k& PR Z 4 T A1 (CAR-T 41 i) T 8 B ) 250 1
F R IR A I R RN . 2 G« AT IR A BB & S ] HER2 19 CAR J7 31, #4 2 53815 HBA 5k HBB fJ CAR 129 53,
A, A B 75 5 g A JEAR T 9k B 4, 1) 4% 47 275 HBA/HBB £ CAR-T 401, 77 44 9 HBA CAR-T #1 HBB CAR-T. ¥ &k
SEERET R I /N GRS AA9R B E0IR 2 o 3t U0 24 ARG 98 P9 CAR-T 40 7 BL S5 A7 %306 il 4 2 11 317 66 F) CAR-T 4 12k % 7%
CAR-T 0B IS M4 T2 /K F . WB A6l HBA CAR-T 1 HBB CAR-T P AH 5% i 41 2 14 3 9 6 3 45 0, 51 FH 40 i i i 3+ %
0 £ PR A B 7K ST 5 30 3ok R e 2R R 4 35 LR VA I CAR-T 41 R 56t Mk 983 411 i f) /493 6 7 » qPCR G I CAR-T 4 i Hh B 48015 5 1A
T-1a(HIF-10) F 3% 7K, F H MitoXpress Intra i 771 £ 0l CAR-T 40H0 9 20U/ S . 25 5« S 5040 W 782 1) S0 B R0 40 /77
W R S I, B CAR-T I I Vi /K P 5 S AR 2 538 A 5C (P < 0.000 1) . HBA CAR-T 5 HBB CAR-T #4 & 5 B (BH M
> 60%) , NI LA AT IR E £k . SIS HBA CAR-T ATHBB CAR-T (K] ROS /K-F R T 7K F 3 T B, B4 %o
IR 2 I R AR A A3 i 0 S 25 9 4% 4 CAR-T 4 il (1) P < 0.05) . HBA CAR-T 5 HBB CAR-T I HIF-10 ik &K (H P < 0.001),
HBREFERE BB PR (B P < 0.001) . 48 : A7 33K MM £4T 2R 1 035 ] 2 s B S 25 14 N CAR-T 21 B 3 B [ A5 3398 5 3t o8 40
WL AR S A5 o

[XBEIR]  SOM s SRR ST I AP 2k T4 2 A

[FESZS] R392,R730.51 [C@EkfriREE] A [XEHS]  1007-385x(2026) 03-0233-10

Ectopic expression of hemoglobin subunits enhances the in vitro cytotoxicity of
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[Abstract] Objective: To investigate whether ectopic expression of hemoglobin subunits (HBA/HBB) improves chimeric antigen
receptor T cell (CAR-T cell) function and enhances cytotoxicity against tumor cells under hypoxic conditions. Methods: The CAR
sequence targeting HER2 was synthesized by full gene synthesis technology, and the CAR lentiviral vectors co-expressing HBA or
HBB were constructed. After packaging the lentivirus, human primary T lymphocytes were infected to prepare HBA CAR-T and HBB
CAR-T. Hypoxia in mouse solid tumors was detected by hypoxia probes. The proportion of CAR-T cells in the tumor, the percentage of
CAR-T cells expressing hemoglobin, and the levels of reactive oxygen species and apoptosis of CAR-T cells under different conditions
were detected by flow cytometry. The expression of related hemoglobin subunits in CAR-T cells was detected by WB assay. The

proliferation level of cells was detected by hemocytometer, the cytotoxicity of CAR-T cells against tumor cells was detected by
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luciferase reporter assay, the expression level of HIF-1o in CAR-T cells was detected by qPCR, the oxygen content in T cells was

detected by MitoXpress Intra kit. Results: The solid tumor models constructed from different cell lines all exhibited significant

hypoxia, and the infiltration level of CAR-T cells was significantly negatively correlated with the degree of hypoxia (P < 0.000 1). HBA

CAR-T and HBB CAR-T were successfully constructed (positive rate > 60%), and the corresponding hemoglobin subunits were stably
expressed. Under hypoxic conditions, the ROS level and apoptosis level of HBA CAR-T and HBB CAR-T significantly decreased, and

their proliferation and cytotoxicity against tumor cells were significantly stronger than those of conventional CAR-T cells (all P < 0.05).
HBA CAR-T and HBB CAR-T showed decreased HIF-1a expression (all P < 0.001), and their level of hypoxia significantly decreased

(all P < 0.001). Conclusion: The ectopic expression of hemoglobin can reverse the functional impairment of CAR-T cells under

hypoxic conditions and enhance their cytotoxicity against tumor cells in vitro.
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], /N R T GAPDH FiL 44 . S it HBA £ 50 B P ik e
PTHBB £ 5w [EHU4AR VHRP AR ic 1 £ 4T G/ B 1gG 3
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Fo W8 (B 2A) il 7 6F CAR-T 40 Jif 3k 47 1% 77 F0 ik
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P<0.00D). FIRGEHEF, 5E S FECAR-TAIE
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V. % ) HBA CAR-T 8¢ HBB CAR-T. A WB %
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WB 45 % (1§ 3B) .7~ , HBA A1 HBB & H /% 1) £
CAR-T 40 il ih 223 5 i 2 25 R (B 3C) % B Conw.
CAR-T .HBA CAR-T.HBB CAR-T I BH ¥ 2 18 it
60%. iR%5 % HBA/HBB CAR-T # 2 j2hy, if
H T a2 e s .
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