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Packaging of AAV-ie-Tnfaip8l2 and its effect on improving auditory function in Tnfaip812~"~ mice

WANG Min, LIU Hao, JIANG Luhan, TAN Liyue, LI Wen, FU Xiaolong
Medical Science and Technology Innovation Center, Shandong First Medical University & Shandong Academy of Medical Sciences,

Jinan 250117, Shandong, China

Abstract : Objective  Adeno-associated virus ( AAV) serves as a critical vector for gene therapy. This study aimed to package
AAV-ie-Tnfaip8I2 virus, systematically evaluate whether AAV could be used as a vector to achieve in situ overexpression of
Tnfaip812 protein in the cochlea, and explore its transduction efficiency in the inner ear tissues of gene knockout mouse models and
therapeutic effects on auditory function. Methods The recombinant expression vector AAV-ie-Tnfaip8I2 was constructed using
molecular cloning techniques. AAV-ie capsid plasmids and helper plasmids were co-transfected into 293T cells to complete the
assembly and replication of viral particles. High-purity, high-titer recombinant AAV preparations were obtained via ultracentrifuga-
tion and chromatography purification. Using microinjection technology, AAV-ie-Tnfaip8/2 was injected into the round window of
newborn Tnfaip812~~ mice through the round window membrane. When the Tnfaip8/2~ mice reached 35 days of age ( the typical
period when hearing loss becomes apparent) , the therapeutic effects were evaluated using methods such as audiological tests, scan-
ning electron microscopy, and immunofluorescence. Results High-titer AAV-ie-Tnfaip8I2 virus could be successfully packaged for
cochlear round window injection, enabling efficient in situ overexpression of the Tnfaip8I2 in the cochlea of Tnfaip812~~ mice.

Audiological function tests showed that compared with the control groups, the click, tone burst (4k, 8k, 12k, 16k, 24k, 32k),
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and DPOAE thresholds in the AAV-ie-Tnfaip8I2 replenishment group mice were significantly reduced ( P<0.05, n=3). Scanning

electron microscopy revealed that the disordered arrangement of stereociliary bundles in outer hair cells was significantly improved.

Conclusion This study confirmed that AAV-ie-Tnfaip8/2 can achieve efficient in situ expression of the Tnfaip8I2 in the mouse

cochlea via round window injection, partially rescuing the hearing function of Tnfaip8/2~~ mice. These findings provide new experi-

mental evidence for therapeutic strategies for age-related hearing loss.

Key words: Adeno-associated virus; Hearing loss; TNFAIPS8L2; Gene function compensation
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Hearing loss and hair cell stereocilia disorganization in Tnfaip8I2~~ mice ( “P<0.05)

A ABR testing of P21 Tnfaip812”~ mice; B: ABR testing of P35 Tnfaip8/2”~ mice; C: Scanning electron microscopy
of mid-turn outer hair cells in P35 WT and Tnfaip812~~ mice
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Figure 2  Virus Packaging and TNFAIPSL2 Expression Validation

A : Flowchart of AAV-Tnfaip8I2 plasmid construction and AAV-ie-Tnfaip8I2 virus purification; B: Schematic diagram of

the Tnfaip8l2 gene recombinant plasmid; C. Sequence alignment of the Tnfaip8/2 gene CDS; D. Verification of
TNFAIP8L2 fluorescent protein localization in HEK 293T cells transfected with the virus
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Figure 3 Infection Efficiency of AAV-ie-Tnfaip8I2 in inner ear
A Schematic diagram of the round window injection site; B: Flowchart of virus injection; C: Infection efficiency of the
viruses in outer hair cells of WT and Tnfaip8/2~~ mice; D Statistical analysis of infection efficiency
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Figure 4 Hearing recovery in 35-day-old Tnfaip8/2”~ mice post virus injection( "P<0.05)

A: ABR results of P35 WT mice injected with AAV-Control, Tnfaip8/2”~ mice injected with AAV-Control, and
Tnfaip812~'~ mice injected with AAV-ie-Tnfaip8i2; B: DPOAE results of P35 WT mice injected with AAV-Control,
Tnfaip812~~ mice injected with AAV-Control, and Tnfaip8/2~~ mice injected with AAV-ie-Tnfaip812; C: Scanning
electron microscopy results of P35 WT mice injected with AAV-Control, and Tnfaip8/2~'~ mice injected with AAV-ie-

Tnfaip8i2
34 it

i3 CRISPR i 5 144 2 5L PR i 5 /D B, 3R A7
B #f5 TNFAIPSL2 7t H- i o i i 48 1) /)N GTP [iff
RACI #il RHEB ###% mTORCI 15 5 14 , Hik 2k ]
SESN BT mTORCH S #i& , ok i ik =&
PR E R R B AR EARAF S R, 2T TN-
FAIP8L2 2 F7E N B I8 731 B¢ 2 ) AAV-ie 2
P N ERE ) R K BRUR Trfaip812 4riS)v 50 &
2 AAV TR IS AAV-ie , AAV-Helper dt4% Jr &
293T Al AT Btk R, Zead B0 alidk R
157 B B B AAV-ie-Tnfaip812 55 75 Uk, I3 1t
(B 7 A /N B S 0 A 2 W s i E HE I
B4 PRI A B ORI B L T
faip812” /NI BRI BEEH AT SETh e, X
SORHE A8 A B0 AIE Tnfaip8127~ /INEL BT 145 2k & th
W H- TNFAIPSL2 &5 [ &t 2% BT 51 B 1Y, [A] i 0, 15 ]
WIS AAV 1E R AR K 5 TNFAIPSL2 &K [ 7E
WH B FRIRYII0 1T, R 5 226 % ARHL 597 A9 AH
KL Zpyr iRt 2% (R X TN E, RE
AAV-ie-Tnfaip812 TE PN B¢ 1Y 20 il 2 784 v 52 9 5
IR, HIRREM Tnfaip812™ /NERUUT )1 58 WK 2 &
AR, FEARBEGE T, A A I B A A [ b B (]
Tnfaip812~~ /N BLUWT J3 ¥k &2 0 A, A i AAV-ie-
Tnfaip8121E N H- R U RRSLAE I I 18] 7] BB 2 52 iR T
B E Z —, HIK, AAV-ie-Tnfaip812 1) %

P R IE R X E 100%, X — K 1T fig 52 W
Tnfaip812~ /N W S K 2 2R, TN RAER
mTOR I 5, AT JTE 10 35 bR Sz B ik, 76/
R N T A R0 2% ARHL (3 J2 110 H K 38 i
P T R 3 U o) XS 0, L v 751 e P T i SR ECHE
B8P mTORC1/AKT {5 53 % 32 24 110, A HF
AR BN, AAV 57 FBv] B TNFAIPSL2 2
e B0 N 136 2%, R TF R TR N8 R g e At 2
YA TR I

H T, AAV 1B 3 5 35 2% 2 (A 7e B 56 R st % ik
a7 R P AT s U R LR R v (E WA Y 7
FH AR AT 8K T 115 5 02 Sz 1o -5 326 156 355 3R A Ak 26 S i Bk
122 BRI R AR AAV RIR G0 SRR A
{EL R 70 2 o 2 ol T A 2 R T RE S R 18 M R E IR
JO7 R A ARSI vk A AR AL R A R
F2, IS, BARZ AT R G IS Y AAV A
SE PRI 2 KUBS BAIR, AR AR R B S PR 3Rk R v A7)
F7AE R BEDLIE A 58 78 5 30808 3 IR BT A0 98 7 X
20, AAV B BRAG A2 B DL K R B
R BESR AT LLGE 5 X AAV SIS (1 DNA i
41 mRNA SeaUB5 %) #r o0 5L R B b A 7is %, (A
BAEE Jebe B AR AR FRAL . [FIR, B
AWt ik Z BB 3 5 RN AR L AR, =
I EAAIRYT RGP, B — e R
BRI T AAV JERYFIL R E R,

M2 AW 5E BT R Y AAV-e-



IR H B 2247 2026 4E 5 A 45 40 45 45 3 ]

- 14 - Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.40, No.3, 2026

Tnfaip812%55 28 UKL , IFPFAl FLAE /N BRLUE- 8 P 1) 3 &
BORFORITROR . BARTEST AAV-ie-Tnfaip812 57
() Tnfaip812~~ /NEULE 35 d I F13R 40K 42, {H 1%
TREETE/ N R N IR e VTR R G, N
AAV FARAEHBIRYT )% MR 2K

SE W

[1] Pupo A, Ferndndez A, Low SH, et al. AAV vectors; the
Rubik’s cube of human gene therapy [ J]. Mol Ther,
2022, 30(12): 3515-3541. doi: 10.1016/j. ymthe. 2022.
09.015

[2] Hu mL, Edwards TL, O’ Hare F, et al. Gene therapy for
inherited retinal diseases: progress and possibilities [ J ].
Clin Exp Optom, 2021, 104(4) : 444-454. doi:10.1080/
08164622.2021.1880863

[3] He XJ, Urip BA, Zhang ZJ, et al. Evolving AAV-deliv-
ered therapeutics towards ultimate cures[J]. J Mol Med,
2021, 99(5) : 593-617. doi:10.1007/s00109-020-02034-2

[4] Lv J, Wang H, Cheng XT, et al. AAV1-hOTOF gene
therapy for autosomal recessive deafness 9: a single-arm
trial[ J]. Lancet, 2024, 403(10441) ; 2317-2325. doi: 10.
1016/S0140-6736(23) 02874-X

[5] Qi JY, Tan FZ, Zhang LY, et al. AAV-mediated gene
therapy restores hearing in patients with DFNB9 deafness
[J]. Adv Sci, 2024, 11(11) ; 2306788. doi;10.1002/ad-
vs.202306788

[6] QiJY, XuL, Zeng FG, et al. OTOF-related gene thera-
py: a new way but a long road ahead[ J]. Lancet, 2025,
405 (10481 ) : 777-779. doi: 10. 1016/S0140-6736 ( 25)
00248-X

[7] Sun GQ, Zheng YD, Fu XL, et al. Single-cell transcrip-
tomic atlas of mouse cochlear aging [ J]. Protein Cell,
2023, 14(3);: 180-201. doi:10.1093/procel/pwac058

[ 8] Eshel M, Milon B, Hertzano R, et al. The cells of the
sensory epithelium, and not the stria vascularis, are the
main cochlear cells related to the genetic pathogenesis of
age-related hearing loss[ J]. Am J Hum Genet, 2024, 111
(3): 614-617. doi:10.1016/j.ajhg.2024.01.008

[9] Ege T, Tao LT, North BJ. The role of molecular and cel-
lular aging pathways on age-related hearing loss[ J]. Int J
Mol Sci, 2024, 25 (17): 9705. doi: 10. 3390/
ijms25179705

[10] Fu XL, Sun XY, Zhang LQ, et al. Tuberous sclerosis

complex-mediated mTORC1 overactivation promotes
age-related hearing loss [ J]. J Clin Invest, 2018, 128
(11): 4938-4955. doi:10.1172/JCI98058

[11] Fu XL, Li PP, Zhang LQ, et al. Activation of Rictor/

mTORC?2 signaling acts as a pivotal strategy to protect

against sensorineural hearing loss [ J]. Proc Natl Acad

Sci USA, 2022, 119(10) : €2107357119. doi:10.1073/
pnas.2107357119

[12] Li W, Li YL, Guan YT, et al. TNFAIPS8L2/TIPE2 im-
pairs autolysosome reformation via modulating the
RACI1-MTORCI axis[ J]. Autophagy, 2021, 17(6):
1410-1425. doi:10.1080/15548627.2020.1761748

[13] Li W, Li Y, Wang M, et al. TNFAIP8L2 maintains hair
cell function and regulates age-related hearing loss via
mTORCI signaling[ J]. Mol Ther, 2025, 33(7) : 3036-
3055. doi:10.1016/j.ymthe.2025.03.046

[14] Sun HH, Gong SY, Carmody RJ, et al. TIPE2, a nega-
tive regulator of innate and adaptive immunity that main-
tains immune homeostasis [ J]. Cell, 2008, 133(3):
415-426. doi:10.1016/]j.cell.2008.03.026

[15] Zhang LY, Chen X, Wang XL, et al. AAV-mediated
gene cocktails enhance supporting cell reprogramming
and hair cell regeneration[J]. Adv Sci, 2024, 11(29) .
2304551. doi;10.1002/advs.202304551

[16 ] Andres-Mateos E, Landegger LD, Unzu C, et al.
Choice of vector and surgical approach enables efficient
cochlear gene transfer in nonhuman primate [ J]. Nat
Commun, 2022, 13(1). 1359. doi; 10. 1038/s41467-
022-28969-3

[17] Fu XL, Wan PF, Lu L, et al. Peroxisome deficiency in
cochlear hair cells causes hearing loss by deregulating
BK channels[ J]. Adv Sci, 2023, 10(20): 2300402.
doi;10.1002/advs.202300402

[18] Lee YY, Ha J, Kim YS, et al. Abnormal cholesterol
metabolism and lysosomal dysfunction induce age-related
hearing loss by inhibiting mTORCI-TFEB-dependent
autophagy[J]. Int J Mol Sci, 2023, 24(24). 17513.
doi;10.3390/ijms242417513

[19] Tan FZ, Chu CF, Qi JY, et al. AAV-ie enables safe and
efficient gene transfer to inner ear cells[ J]. Nat Com-
mun, 2019, 10( 1) 3733. doi: 10. 1038/s41467-019-
11687-8

[20] Chen Y, Xu ZY, Sun HX, et al. Regulation of CD* T
memory and exhaustion by the mTOR signals[J]. Cell
Mol Immunol, 2023, 20(9) . 1023-1039. doi;10.1038/
s41423-023-01064-3

[21] Costa Verdera H, Kuranda K, Mingozzi F. AAV vector
immunogenicity in humans: a long journey to successful
gene transfer[ J]. Mol Ther, 2020, 28 (3). 723-746.
doi;10.1016/j.ymthe.2019.12.010

[22] Ivanchenko MV, Hathaway DM, Mulhall EM, et al.
PCDHI15 dual-AAV gene therapy for deafness and blind-
ness in Usher syndrome type 1F models [ J]. J Clin
Investig, 2024, 134 (23). el77700. doi: 10. 1172/
jcil77700

[23] Mingozzi F, Meulenberg JJ, Hui DJ, et al. AAV-1-me-



INA R 2 H B IR 2748 2026 4F 5 A 25 40 4% 45 3 1
Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.40, No.3, 2026 <15 -

[24]

[25]

[26]

diated gene transfer to skeletal muscle in humans results
in dose-dependent activation of capsid-specific T cells
[J]. Blood, 2009, 114(10) :2077-2086.doi; 10.1182/
blood-2008-07-167510

Hinderer C, Katz N, Buza EL, et al. Severe toxicity in
nonhuman Primates and piglets following high-dose intra-
venous administration of an adeno-associated virus vector
expressing human SMN[J]. Hum Gene Ther, 2018, 29
(3) . 285-298. doi:10.1089/hum.2018.015

Weber T. Anti-AAV antibodies in AAV gene therapy:
current challenges and possible solutions[ J]. Front Im-
munol, 2021, 12. 658399. doi: 10.3389/fimmu. 2021.
658399

Martins KM, Breton C, Zheng Q, et al. Prevalent and
disseminated recombinant and wild-type adeno-associated
virus integration in macaques and humans [ J ]. Hum
Gene Ther, 2023. hum.2023. 134. doi: 10. 1089/hum.

[27]

[28]

[29]

2023.134
Qi J, Fu X, Zhang L, et al. Current AAV-mediated
gene therapy in sensorineural hearing loss [J]. Fundam
Res, 2022, 5(1) . 192-202.doi: 10.1016/j. fmre. 2022.
08.015
Lau SC, Grati M, Isgrig K, et al. Dual-AAV vector-me-
diated expression of MYO7A improves vestibular func-
tion in a mouse model of Usher syndrome 1B[J]. Mol
Ther Methods Clin Dev, 2023, 30. 534-545. doi: 10.
1016/j.0omtm.2023.08.012
Liu SY, Song WQ, Xin JR, et al. NRN1 and CAT gene
polymorphisms, complex noise, and lifestyles interac-
tively affect the risk of noise-induced hearing loss[J].
Biomed Environ Sci, 2021, 34(9). 705-718. doi: 10.
3967/bes2021.098

(H8E.X8)

(E#&% 6 W)

(21]

[22]

(23]

[24]

Sato A, Omichi R, Maeda Y, et al. A glucocorticoid-
regulating molecule, FkbpS, may interact with mitogen-
activated protein kinase signaling in the organ of Corti of
mice cochleae[ J]. Sci Rep, 2025, 15: 7506. doi: 10.
1038/541598-025-92400-2

B, E8, #15, 4. P38MAPK JHi%E AQP2 & 5
PIRELBUK BT LT ] dE B Sk, 2022, 20
(4). 605-611. doi: 10.3969/j. issn.1672-2922.2022.04.
013

LIAO Xingwei, REN Yi, HUANG Qiao,
P38MAPK participates in formation of endolymphatic

et al.

Hydrops by regulating AQP2 [ J]. Chinese Journal of
Otology, 2022, 20(4): 605-611. doi: 10.3969/j. issn.
1672-2922.2022.04.013

Gao ZW, Schwieger J, Matin-Mann F, et al. Dexam-
ethasone for inner ear therapy: biocompatibility and bio-
efficacy of different dexamethasone formulations in vitro
[J]. Biomolecules, 2021, 11(12) . 1896. doi:10.3390/
biom11121896

Johns JD, Adadey SM, Hoa M. The role of the stria vas-

[26]

cularis in neglected otologic disease [ J]. Hear Res,
2023, 428, 108682. doi:10.1016/j.heares.2022.108682
Terakado M, Kumagami H, Takahashi H. Distribution
of glucocorticoid receptors and 11 beta-hydroxysteroid
dehydrogenase isoforms in the rat inner ear [ J |. Hear
Res, 2011, 280(1/2) : 148-156. doi: 10.1016/j.heares.
2011.05.00
Froehlich MH, Lambert PR. The physiologic role of
corticosteroids in meniere * s disease: an update on
glucocorticoid-mediated pathophysiology and corticosteroid
inner ear distribution[ J]. Otol Neurotol, 2020, 41(2) .
271-276. doi: 10.1097/mao.0000000000002467
Inagaki K, Yoshida T, Kobayashi M, et al. Impact of
endolymphatic Hydrops on DPOAE in subjects with
normal to mild hearing loss[ J]. Laryngoscope Investig
Otolaryngol, 2022, 8( 1) 262-268. doi; 10.1002/1i02.
998
Liang JY, Wang JK, Yao WIJ. Hearing loss caused by
hair cell lesions[ J]. IEEE Trans Biomed Eng, 2025, 72
(8): 2544-2554. doi: 10.1109/TBME.2025.3547059

( 458 KRR



