J REG ANAT OPER SURG 2023,32(4) http://www. jjssxzz. cn 285

- AR -

HO1 T T HIIREUKEL & A = % IZ 25N LR ¥ PR it 97 18 & U7 30
B L%l

m BSEEWRE Z.FAmMEE B (LEREE RS MR ER A S E R, EIK 400038 ;2. ki 72425 K
SFHLNE BE 2 B o S IR IR 2 2T 28 DT A Rl B S S0, T K 4000385 3. fili 7547 B R il 5 2 g Sl 5 2 2 S 6 vy
H K 400038)

doi:10. 11659%jjssx. 01E023063

[ =] BH T 001 TR0 B (CE) B A A1 8805 8 21 A (FTR ) 76 15 JR O 15 92 B 161 18 & R (0 T7 38 S AL -
ik 540 2 6~8 IS HEME CSTBL/G6 /N B S IE B B B (4 BAZH , n=8) RAH BRIR BOZ R (n=32) , Herb B I R s 155 5 2/ B
BEHLA> MAE DRI 2H O BMSCs-CE 4 \FIR 2 A4 . #y ot sk 40 24804 1 (HO D) AY-B- B 0] 72 5 T 40 (BMSCs ) , SRBUT 2 4k
B HO AR 1) TC A0 3R BOR ("' BMSCs-CE ) , 32 Tl Western blot \ELISA .RT-PCR . Masson 44 &, 58 20 {05546 45 4H B T i 5 2% 41
FUE RO A TR ALY B RAE K45, 258 Western blot J2 ELISA #4558 i 7% , "' BMSCs-CE H HO1 26 iz 2 K P F (EGF) |
AR - (TGF-B) FRIBACE 2 5 T BMSCs-CE(P<0. 05) . JRIFEH 5 11K, A A1 A A3 I 3 /= T "' BMSCs-CE 41
HFIR41(P<0.05). 5""BMSCs-CE 41 & FIR 41AH Lk, BR G AU AEIRYT IR 56 3.7 11 RANZG AL Ca> Wk A, TNF-au 11-6 357K
K, T ROS K TPANAETRYT IR 26 3 .7 REAR (P<0. 05) o RITIEHE 14K BEA AL BN M40 3R 52 B AR, B EZ Masson Y2 (i 78 R
BRI VEGF %328 P55 OD B 1 2 25 15 T FIR 41 F1 "' BMSCs-CE 41 (P<0. 05) ; JR 7 S5 45 7 K e A L Bl A0 4 b e T A DG 2R 1
Caspase-3 FiA 7K B LT FIR LA "' BMSCs-CE41(P<0. 05) . &5 MR A iz H TALE & HO1 & H 1) "' BMSCs-CE
A A7 B2 FIR AT T W b 490 ) Jh S 2 20 AL A 1o 3852 N ek /0 & PR —F B TBO R A M 0 = 2 A=, im0 i 1X 3l pe R 2R 20 1 B2 AR TE
M AN M B A 5 " BMSCs-CE 5% FIR 67 I L7 s5CE R 2t N33R M A P s ¥ i 1k A v 7 3 A B 5 3R P AR 40 17 Sl

WFFEUES -

[ SRR ] BEIRIRG 7 s B R0 78 0 T 40 ; JCANEHR OR ; 41 KA A B 15 A B mmaL /MG
[hESZS]TR587.2 [X@EkRiRFE ] A [YimHE] 2023-01-13

[EB51E&] A& 5, E-mail:xiongwei64@126. com

[4] Turksen K, Troy TC. Junctions gone bad: claudins and loss of the bar-
rier in cancer|J]. Biochim Biophys Acta,2011,1816(1) : 73=79. doi:
10. 1016/j. bbean. 2011. 04. 001.

[5] Liu Q,Shen H, Naguib A, et al. Knocking down claudin receptors leads
to a decrease in prostate cancer cell migration, cell growth, cell viability
and clonogenic cell survival [J]. Mol Biomed, 2021, 2 (1) : 31. doi:
10. 1186/543556-021-00053-0.

[6] Luo Y, Kishi S, Sasaki T, et al. Targeting claudin-4 enhances chemo-
sensitivity in breast cancer| J]. Cancer Sci,2020,111(5) : 1840-1850.
doi:10. 1111/cas. 14361.

[7] Breed C, Hicks DA, Webb PG, et al. Ovarian tumor cell expression of
Claudin-4 reduces apoptotic response to paclitaxel [J]. Mol Cancer
Res,2019,17(3):741-750. doi: 10. 1158/1541-7786. MCR-18-0451.

[8] Fujiwara-Tani R, Sasaki T, Luo Y, et al. Anti-claudin-4 extracellular
domain antibody enhances the antitumoral effects of chemotherapeutic
and antibody drugs in colorectal cancer[ ] ]. Oncotarget,2018,9(100) :
37367-37378. doi: 10. 18632/oncotarget. 26427.

(9] ERRBWE RIALK , B, 55 . BW R E M Claudin-4 75 1 T Y
WEFEHEIR [T, BB 22 (BR 2R , 2022, 43(3) : 406-411. doi:
10. 14188/j. 1671-8852. 2021. 0126.

[10] Taber A, Christensen E, Lamy P, et al. Molecular correlates of
cisplatin-based chemotherapy response in muscle invasive bladder
cancer by integrated multi-omicsanalysis [ J ]. Nat Commun , 2020,
11(1):4858. doi: 10. 1038/s41467-020-18640-0.

[11] Hristova VA, Chan DW. Cancer biomarker discovery and translation :
proteomics and beyond[ﬂ. Expert Rev Proteomics,2019,16(2) : 93—

103. doi: 10. 1080/14789450. 2019. 1559062.

[12] Nishiguchi Y, Fujiwara-Tani R, Sasaki T, et al. Targeting claudin-4
enhances CDDP-chemosensitivity in gastric cancer [J]. Oncotarget,
2019,10(22):2189-2202. doi: 10. 18632/oncotarget. 26758.

[13] Srinivas US, Tan BWQ, Vellayappan BA, et al. ROS and the DNA
damage response in cancer[J]. Redox Biol, 2019, 25: 101084. doi:
10. 1016/j. redox. 2018. 101084.

[14] de Almeida LC, Calil FA, Machado-Neto JA, et al. DNA damaging
agents and DNA repair: from carcinogenesis to cancer therapy [J].
Cancer Genet, 2021, 252-253: 6-24. doi: 10.1016/j. cancer-
gen. 2020. 12. 002.

[ 15] Noubissi FK, McBride AA, Leppert HG, et al. Detection and quantifi-
cation of y-H2AX using a dissociation enhanced lanthanide fluores-
cence immunoassay [J]. Sci Rep, 2021, 11 (1) : 8945. doi: 10. 1038/
$41598-021-88296-3.

[16] Emity, % &, 5k 57 DNA B B HFREY v-H2AX K 1
FEHEIELT]. SrHrikEeE ,2020,39(10) : 1131-1136. doi: 10. 13595/
j. enki. issn1000-0720. 2020. 060402.

[17] Martinez AR, Kaul Z, Parvin JD, et al. Differential requirements for
DNA repair proteins in immortalized cell lines using alternative
lengthening of telomere mechanisms[J]. Genes Chromosomes Cancer,
2017,56(8) :617-631. doi: 10. 1002/gcc. 22465.

[18] Wang D, Zhou Z, Wu E, et al. LRIK interacts with the Ku70-Ku80
heterodimer enhancing the efficiency of NHE] repair [J]. Cell Death
Differ,2020,27(12):3337-3353. doi: 10. 1038/s41418-020-0581-5.

(%% b 0



286 BB G A %% ] REG ANAT OPER SURG  2023,32(4)

http://www. jjssxzz. cn

Efficacy and mechanism of HO1 engineered cell-free extract combined with graphene far-infrared radiation in
promoting the repair of diabetic ulcer

WEN Qing', FAN Rui—cheng2 CYANG Y43, LI Hong—li3 S XIONG Wei'
First Affiliated Hospital of Army Medical University, Chongqing 400038, China; 2.Department of Histology and Embryology, College of
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Abstract: Objective To investigale the efficacy and mechanism of HO1 engineered cell-free extract (CE) combined with graphene
far-infrared radiation (FIR) in the repair of diabetic ulcer wounds. Methods A total of 40 male C57BL/6 mice (6 to 8 weeks old) were used
to establish normal wound model (the control group, n=8) and diabetic ulcer model (n=32). The diabetic ulcer model mice were randomly
divided into the diabetes group, the "*'BMSCs-CE group, the FIR group and the combined group. The bone marrow mesenchymal stem cells
(BMSCs) overexpressing heme oxygenase-1(HO1) was constructed to obtain engineered cell-free extract rich in HO1 protein ("'BMSCs-CE).
Western blot, ELISA, RT-PCR, Masson staining and immunohistochemistry were used to detect the wound healing rate, tissue healing status,
wound oxidative stress and inflammation levels in each group. Results The results of Western blot and ELISA showed that the expression
levels of HO1, epidermal growth factor (EGF) and transforming growth factor-g (TGF-B) in ""'BMSCs-CE were significantly higher than
those in BMSCs-CE (P<0.05). The wound healing rate 5 and 11 days after treatment in the combined group were higher than those in the
"'BMSCs-CE group and the FIR group (P<0. 05). Compared with the ""'BMSCs-CE group and the FIR group, the Ca® concentration of the
wound margin tissue 3, 7 and 11 days after treatment in the combined group were higher, and the expression levels of TNF-a and IL-6 were
lower, while the expression levels of ROS 3 and 7 days after treatment were lower (P<0.05). The thickness of epidermis of the wound tissue
14 days after treatment in the combined group was thick, and the Masson staining collagen volume fraction in dermis and the OD value of
VEGF immunopositive signal were significantly higher than those in the FIR group and the ""'BMSCs-CE group (P<0.05). The expression
levels of apoptosis-related protein Caspase-3 of the wound tissue 7 days after treatment in the combined group was significantly lower than
those in the FIR group and the "*'BMSCs-CE group (P<0. 05). Conclusion The application of engineered "*'BMSCs-CE rich in HO1 protein
combined with graphene FIR in diabetic ulcer wounds can significantly inhibit the oxidative stress response of local tissue, reduce the release
of inflammatory factors and the occurrence of cell apoptosis, and accelerate the epithelization formation of skin tissue and the proliferation of
dermal collagen and blood vessels in the wound area, which has more prominent curative effect than the efficacy of ""'BMSCs-CE or FIR
therapy alone, and provide basic research evidence for the clinical exploration of new combined treatment for refractory diabetic wounds.

Keywords: diabetic ulcer; bone marrow mesenchymal stem cells; cell-free extract; heme oxygenase 1; graphene far-infrared radiation
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