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[Abstract] Objective To investigate the mechanism by which long non-coding RNA (IncRNA) Al662270 regulates insulin
resistance in adipocytes in aging mice. Methods (1) Twenty male C57BL/6 mice were randomly divided into youth (4-month-old) group
and aged (18-month-old) group (n=10). Mice in youth group were raised to 4 months of age and euthanized by orbital exsanguination
under urethane anesthesia, while aged mice were euthanized at 18 months using the same sacrifice method. Epididymal white adipose tissue
(eWAT) and liver tissue were rapidly dissected. Western blotting was employed to detect the protein expression levels of tumor suppressor
gene 1 (pl6ink4a) and cyclin-dependent kinase inhibitor p21 (p21kip1), RT-qPCR was used to measure the expression of 4 differentially
expressed IncRNAs (C4a, AI662270, BATE1 and Gm29719). Mouse embryonic fibroblasts (3T3-L1) were cultured and divided into a
normal control group (no treatment after induced differentiation into mature adipocytes) and a senescence model group [doxorubicin
(ADR) -treated group; 0.2 pwmol/L ADR was used to induce senescent adipocytes]. (3 -galactosidase staining was performed to assess
adipocyte senescence. RT-qPCR was applied to evaluate the expression of AI662270 and senescence markers (pl6ink4a, p21kipl, pS3),
while Western blotting was utilized to detect the expression levels of phosphorylated H2A histone family member X (y-H2AX), p16ink4a,
and p21kipl proteins. (2) Hexokinase method was adopted to measure glucose content in mouse serum and 3T3-L1 adipocyte culture
medium. RT-qPCR was performed to analyze mRNA expression levels of insulin sensitivity-related gene protein kinase B (Akt), insulin
receptor substrate 1 (IRSI), phosphatidylinositol 3 kinase (PI3K) and glucose transporter 4 (GLUT4) in mouse eWAT and adipocytes.
Western blotting was conducted to determine the protein expression levels of IRS1, PI3K, Akt, and p-Akt. (3) Spearman correlation analysis
was applied to examine the correlation between AI662270 expression levels and IRSI/PI3K mRNA expression levels. A low-expression
model of AI662270 in senescent adipocytes was constructed, and RT-qPCR was used to verify the knockdown efficiency. Hexokinase
method was employed to assess glucose content in the cell culture medium of senescent adipocytes after A1662270 knockdown. RT-qPCR
was performed to measure the mRNA expressions of Akt, IRS1, IRS2, and PI3K, while Western blotting was utilized to detect the expressions
levels of Akt and p-Akt proteins. (4) Bioinformatics analysis was performed to predict downstream target genes of AI662270 and their
binding sites. RT-qPCR and Western blotting were subsequently applied to validate the expression of these downstream target genes
following AI662270 knockdown. Results (1) Compared with youth group, the protein expression levels of p16ink4a and p21kipl in
eWAT of aged mice were significantly increased (P<0.05). Additionally, the expression levels of C4a, AI662270, BATEL, and Gm29719 in
both eWAT and liver tissues were significantly increased in aged group (P<0.05). 3-galactosidase staining revealed enhanced blue-green
coloration and enlarged, flattened cellular morphology in ADR-treated senescent adipocytes compared with normal control group.
Compared with normal control group, ADR-treated senescent adipocytes significantly increased the mRNA expression levels of A1662270,
pl6ink4a, and p21kip1, and significantly elevated protein expression levels of y-H2AX, p16ink4a, and p21kipl (P<0.0S). (2) Serum glucose
content was significantly higher in aged group mice compared with youth group (P<0.01), and glucose content in the adipocyte culture
medium in ADR group was significantly increased (P<0.0S). The expression levels of IRS1 and PI3K in eWAT in aged group were
significantly reduced compared with youth group (P<0.01). Compared with normal control group, the expression levels of IRS1 and PI3K in
adipocytes in ADR-treated group were also significantly reduced (P<0.05). (3) Spearman correlation analysis demonstrated that the
expression level of AI662270 was negatively correlated with the mRNA expression levels of IRSI and PI3K (P<0.05). RT-qPCR showed that
Al662270 expression level was significantly reduced in the siAI662270-transfected senescent adipocytes compared with siNC group (P<0.05),
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indicating the low expression model of aged adipocytes A1662270 was successfully constructed. Hexokinase assay results showed that

glucose content in the cell culture medium was significantly reduced after the A1662270 was knocked down by senescent adipocytes
(P<0.05). Furthermore, the mRNA expression levels of IRSI, IRS2 and PI3K (P<0.05) and the p-Akt/Akt ratio in senescent
adipocytes was significantly increased after knockdown of A1662270 (P<0.01). (4) Bioinformatics analysis predicted miR-3073b-3p

as a downstream target gene of AI662270, and heme oxygenase 1 (Hmox1) was identified as a target molecule of miR-3073b-3p. The

expression level of miR-3073b-3p in senescent adipocytes in siA1662270 group was significantly increased, while the mRNA and protein

expression level of Hmox1 were significantly decreased compared with siNC group (P<0.01). Conclusions Aging significantly increases

the expression of A1662270 in eWAT of mice, and the expression of A1662270 was negatively correlated with insulin sensitivity. AI662270

knockdown can reduce glucose content in senescent adipocyte culture medium, upregulate the expression of IRS1 and PI3K, and increase

insulin sensitivity in senescent adipocytes, which may be mediated through the A1662270/miR-3073b-3p/Hmox1 pathway.

[Key words]

HARIEE R — BT RE, PRl (A Py Qi
B AL REGE , nT g w5 k. 2
BE IR SARPELE SRS ) R R 2 g2
FHUARE SRR P, S 5gERRRE RS
RGERAE N o I B A P o SR R
AR AL, &R H LM TDIRemaR |
FERI L MEER . S ZHUSPERRAL L
KRR DI RERR AT R, RIRE, w2 RN R
FEURI g 15 240 1 8 T RRUES R RT 75 2 i I 26 28 174 o P o
91, FEOEREAE B AR AT i 0 2 AW,
5 R A AL RE TR R RS R AR B ) R
PR 2 —B1 5l 3k ik 20 A i 45 A ke IR il AES JpE 2 a5
AT % fifp 55 AU A DG I B B ZR AR S AR AE . AR TR
S5 A 20 B PR T R o 2 AR U E R T B B el
HAGEC, R LUE S ZEYE S BN E
BRSSP is b dn MR s 1T 414
T2 AN, Tieh &G (AT —ERIE
) A (LURMRE ) fe e, AR sh X ig i
A Hr 2 G T EZERY. B
JIg i A1 Ty fie e 2 e 2 ZE AP AR DA 25L&
AR R EZE RN, RS RNA 2 5 R KL
R0 7 S AR 11 98%, 5 Rt fL 2= iy it ,
rf K i E 4 B RNA (IncRNA) B 1 B8 88 1 200 S 4% 1
iR, iz HZFA AL AEfE T B4, BA 2H
AW RENY ) AT AR AR R s L PR sk
il mRNA [ B fife 5l A A P IR 5% 4 RNA(ceRNA) WY Fff
miRNA 2503 75522 5 5 40 i g 2 R IRy &2k &
JEh R G EEN A EERM RIFRSHT
JIE 15 4 0 P IncRNA AL662270 14 26 35 5 Ji 5 501
KFR, BIEREZ/NRPE Z PR R IR A5
KA RACTRTT 530 0 0 1 H AR i

1 MRERE

L1 EEAR R A I (FBS) A F #2954k
PIRHE A IR R s 75 -8R (P/S) . BRI A b
SR RAEYEARA R F ;. DMEM @bl 3R 560 A

aging; epididymal white adipose tissue; insulin resistance; long non-coding RNA AI662270

K[ Gibeo A Fl 5 ZHHIZL ] NaHCO, . 3-5F T %&- 1 -
HH L B IS (IBMX) . M ZEOK #S (DEX) . M|k 36 |
% K& 5 ER A ) 2E [ Sigma 28 7 5 4 MG ] — B AN
(DMSO) . Hi e =Hily [ B DR A P B AR A PR A
Al AEIRIR — L PERAL PR 47K . Lipo8000™ % Yy
WA B L S RAEYEARGRAF; TRARS -
21 (HE) e (03857 65 (7101454) W [ 6 [ 25 8 A {2
RRNA A E] ;. —$0 B-actin., 2 A 2R 1140 i 1
PRI T p21 (p21kipl) . 2K 140 B(Akt), p-Akt,
WEARE UL 3 48 (PI3K) . 5 R ZARJEY) 1(IRST) |
Jie 92 410 1 5E A 1(p16inkda) . IRS2. Il £1 38 il 4l 1
(Hmox1) . % iz 1k H2A 41 2 1 %K % ) 5t X (gama-
H2AX) 4 HIEBH T R A RHE A BR A R s stk
5 . SYBR Green PCR Premix 4 [ 75 5% 34 ME#E A= W B
F B AR |5 -2 2L Bl 4 (a7 6 B b
R ERE A RN A B EX ] (MOCK) .
NCFAM. siRNA(si-A1662270) W [ | #5555 B 255 K
FIRA T AN & (O M BERE) 1 A L
s AR A YR R A RR A W

2 g
1.2.1 LI Ko 20 H 8 I HEYE CS7BL/6)

AN B =0 R AR SE s Sy vh s [ LS sh A 7 V]
JIES . SCXK(%R)2016-0006], i FE T =k K4 556
YL SPE RN b, FREEIREE 20~22 °C, 12h/
DR hERZENER . BNRS A HEFEHSZHFH,
Brel10 K, FHAEL/N R SR 2 4 A5 R SR
R IR BRI AL SE, EAFE4 % 2 18 H )5 R H
AHTR AR FE 7 =X, Bl 0V A 5 B S 1 €68 D 4 21
(epididymis white adipose tissue, eWAT)FIFZ 4L, W
R )G T-80 CHRIR KA R A5 o ARBFST AR
SRR BE R S IG B B 51 At i (2019080D) ,
SERG ARG (LR SR RS B A e ) o

1.2.2 3T3-L1 405 ik /NERIRJIG B2t 4 4 i
Z 3T3-L1 3 [E ATCC 4 41E . K i g ¥ 51 Ff
T 6 LR, RS 35 80% B, ¥ DMEM %
FEH T MRS FREE T (7 10% FBS F11% P/S ) DMEM



R AL 4R 20254E8 28 0 Hiso%:  Hsill

FBEREFRRL), T 37°C. 5% CO, MBI B3R, AR
Ldfeil, ZAIMI5E2RmE TSR H e iR
(% 10% FBS. 1% P/S. 1 pmol/L DEX. 0.5 mmol/L
IBMX, S pg/ml & | 125 wmol/L M| W 3 ¥ |
1 mmol/L % #% 51| filil f\) DMEM T%*)%i%%%) , IEHE
Tk Do; 48 h i HEH NI FREL M (75 S pg/ml JR &)
R 1 )4hEe 537 (D2) . A2 d e 1 IR B FR3E
I, HEKERFHI, BES01 kg i
i)

1.2.3 25 IncRNAs FYIGIE A T84 i 30110 53 %)
HAE MW /N BRIEFT RNA-seq I 7 20 B0, Rt AC
W 55 76 75 4F F1 & % /) B 5 iE 2% 2 IncRNAs
(A1662270. C4a. BATEIL F1Gm29719)fZiA .,

124 FEERN MR A HE 02 pmol/L
Bl AE 22 09)(23214-92-8, & [E MCE A 7)) A B 4 fL
ARG I 40 M 48 b, 5T A I D AN 3
1.2.5 Western blotting £l X 200 mg eWAT B LR
3T3-LLAGIANML, Jn AT 0 88 1 24 i ok b 24
30min, 7353, 4 CF 12 000xg &> 25 min, WZHL
HEEEEAZE . SR BCATRIE HE HWRE, Hil&
BEEAFES; B30 pg BAE, fHE80 VALK, fFHEH
Marker #F A3 B ICHT, HLFRTA 2 120 V5 fH I 200 mA
VKI5 PVDF B 5% Wi s W5 3514 2 h 5 s in—
P [B -actin(1:2000) . p21kip1(1:1000), Akt(1:1000)
p-Akt(1: 1000), PI3K(1:500). IRS1(1:1000). gama-
H2AX(1:2000) ] 7 & i % (>14 h), ¥ H A TBST i i
PENE 10 minx3 K, IR PFF e L (1:8000) 1 h;
TBST % W YE K 10 minx3 ¥, JH Bio-Rad #E % 151
UASRA B2 = i (B B BRAF], ChemiDOC™
Imaging System] B )t i 52, Image] #1473 #7 45 7 JK
JE(H .

1.2.6 SZI5E f PCR(RT-qPCR) A L eWAT 200
mg % W 4E B W7 40 B i A £ 700 wl RNA 2 it
(InvitrogeTM Trizol) i EP 48 vh 75 4> 24 4% . i A 200 wl
AR FURE 5 30 s UK L ERE S min, 4 CF
12 000xg 50> 15 min, WZHR FIEW; A SRR N
fi, 10 min )i 4 °CF 12 000xg B0 15 min, 7+ EIHHG;
JNA 1 ml 75% £, 4 °CF 7500xg #5L> S min, F+_I-
THW; TS F 10~20 pl DEPC K% f# RNA, Bl 5 A
I RNA #& B . B 1 pg RNA S 5% 53 il cDNA J5 E 17
PCRY B, W5 95 CHIZEME 10 min; 95 CAF
PE15s. 60 CiR K 1 min(F 40 MIGER) . L B-actin 1
U6 HINZ, KA 272015 H 9 L mRNA 5§
miRNA PYAIXT Rk . 1Y BiEA: TAEY TR
WA BRAEIBT A R, 791U 3R 1(https://dx. doi.
org/ 10.1 1855/j.issn.0577—7402.0251.2025.0319]?]) o

127 B-PRLMEF Y BN BUMIG LT 2 4n i
3T3-L1, U IE X A 2 5 e AR 41 [ ) 5 2 Ab 2
(ADR)A], 1 X HE ZH 20 i i75 004k oA e s 17 4
ML JE AL 2R, ADR ZH 2 i { FH 0.2 pumol /L I 5
A P LAY e B I A PR TRY J5% VO 2EL  ) 4
WEFRWE, 1xPBSYEYE 3 min, MIIA 1 ml B-2FFLHE1T
EER, FIREE 15 min, WEREEWR, 1xPBS YL
IWIE A Y S TR, 37 CHF RS, EBRYm
TAEWL, T PBS 53 27 b S B T WS 40 il S
e o Sl SR R R P

1.2.8 fiAgpE S RIE AR & (2
WH U ) Rz /)N SR v 5% A 155 440 e DMEM /&5 b5 5%
FREE I TR R AR O A, AR BT AR R AT R2
TR H2 I 19 B L BT A O AR TAEWR, TRA1T&H,
SR 5 LI IR 28 W2 IR0 5t 15 R A A 96 FL AR
o, BN TR TAEW . 1 B2 PO AL RN
PR IRFL, F 37 CHEIRA 5 E 10 min 5, K
FHBEATRARE I 500 nm &b 5L AT (OD) A, M
R HE L TS A A B i o Ay =(0D—OD )/
(OD 4o, =OD )

1.2.9 siRNA f LR8I UE B 3T3-L1 4 i,
B R X B (MOCK) 21 5 % ¥ NCFAM(NCFAM)
20, MOCK ZH 40 i AN Ab B, NCFAM 41 20 Jifa 5% e
NCFAM. ¥ 3T3-L1 g/l 4 f 4 T 12 fLAR b, Ff
AL A B SR 21 709% B, KA 109% FBS Y BERG R
LT R JC MV DMEM Sl 3t Bl YR &
W (JCIM 5 B F 3L 50 w1, NCFAM 40 pmol . Lipo8000™
1.6 wl), %I E 20 min J5 320 02 12 fLARH
6 h 5 R 10% FBS 155535, ¥R WI1H) 4 6 h TE9EL
AT SR A R (0 0 RN TE L

1.2.10 siRNA %4 % HU3T3-L1 4, ¥ HE siNC 4l
(Lipo8000™ %% Yy i 71| % Y X i NC) 5 siA1662270 41
(%% Yk siA1662270) . HF 3T3-L1 A5 40 i 42 Fh T 12 L
Mo, S4npE A B A E 70% B, KA 0.2 wmol/L
B 25 25 119 109% FBS 3% 77 3 51 46 5 G 1l ¥ DMEM = B
Wi B, O i YR A W (T T BE R AR S0 ul.
siA1662270 40 pmol BY siNC 40 pmol. Lipo8000™ 1.6 pl),
ZEICE 20 min JF AT INE 12 LA, 6hJE B
& 0.2 wmol/L FITEE 2 1Y 10% FBS 15 3R 3k, 4krksds
F24h, WHEAM, $RI0ELRNA; SRR
48h, WCEEZMAR, PEHCMIEE

1.2.11  Spearman FHC/MT PRI AR AL/
B eWAT Hh Jj 1) 2 MR R 48 A 3 P mRNA 119 6 35 H
F1A1662270 (I8 AT 40 1T . LA Al662270 B KA
O X, RS R USSR bR 3 R (PIBK. IRST) Y
mRNA % ik Y, {4 1] GraphPad Prism 9.0 il 4],
JFTR I A



1212 AYEEE TN R AR A
5 L2200 HT 3 LncRNASNP2 (https:/ /bioinfo.life.hust.
edu.cn/IncRNASNP2) Fiill] A1662270 5 miR-3073b-3p [
H AN A 7 ENCORI(https://starbase. sysu. edu.
en/) Tl miR-3073b-3p (1) T HFHEHEA
L3 GiilseabE ORI SPSS 22.0 B AR AT ST 4
#r, GraphPad Prism 9.0 BAEHIE . A BRI E
BB HI7 2555, VhatsFon, PR H AR
SEAEAR R . P<0.0S 25 A Geit e L

- ST
1.5 =
(3)
o
2 1.0 (1)
R
= 0.54
.
D 0-
;}’ét& %‘/& pl6ink4a p21kipl

LncRNAFH X # k7K

Med J Chin PLA, Vol. 50, No. 8, August 28, 2025

R

2.1 EEZH5HF/NEAFZES IncRNAs i Z AT I
Western blotting KrmzE R s, SESEHE, B4
Z/NEL eWAT H pl6inkda, p21kipl £ FH#K /K- i
THE(P<0.001, P<0.05, Kl1A), FHIZEE/ NI
NI, RT-qPCREZMZS R B/R, SHF4IE, &
A2 /N eWAT FIHZHZH C4a, AI662270, BATEL,
Gm29719 Fk/KF-BH {8 T (P<0.05, El1B).

=A

= AR
L Eos|
eWAT JFNEZH 2]
6 -
(L) 25 (L)
i 20-
2
- )
e 215
@ SRR
24 = Z 6 @
RS NE)
2-
0= NSV e NN
e qﬂﬂ ‘02:@ qq\ o ’I:l:\ \o%\e qq\
966 5 6‘& ?366 o G‘& ®

p21kip 1. 4 J 101 80 A P R 11 R p21 5 p16inkea. IR £E A 15 A. Western blotting 61l 5 3 175 4F /Nl eWAT HY pl6inkda
N p21kipl B3k (n=6); B.RT-qPCRAGINIHEE RN /N eWAT FITFLH L P 35 IncRNAs [ 635 (n=6) ; (1)P<0.05, (2)P<0.01, (3)P<0.001
Bl1 LncRNAs7EFAF AR/ B S E @RI 41 (eWAT) FATALZU R R X oL
Fig.1 Expression of candidate IncRNAs in epididymal white adipose tissue (eWAT) and liver tissue of young and aging mice

2.2 T 3T3-L1IARI AN H A1662270 B IR1F

B-FILMEH MU (VAR s, IEH X BRZH B (i 1y
A rhiEsR B, AP SIER; SIERE N R

[bE:, ADRAIEZAIGIRNA i hiEsk @iy, &
PR AR A (Bl 2A) . RT-qPCR Fll Western
blotting %% H %, 5 1E% % M4 LL4Z, ADR4]
JI; 17 40 e o A1662270 J p16ink4a . p21kipl mRNA
IRTKF-LA S gama-H2AX , pl6ink4a, p2lkipl £ [1FiA
KB i T 55 (P<0.05), 1H pS3 mRNA ik K22 5
TGt m L (P>0.05, [E2B-D).

2.3 FEX/NRARINH SR S R BUEE R S
TR R, AN R A A0 5 i I
Jin(P<0.05, &3A). RT-qPCR il Western blotting £ {Il]
iR Non, SHFAE, BEA/NR eWAT
IRSI, PI3K, GLUT4 mRNA #%jk/K¥, IRS1, PI3K
EHEIAAKFE, LUK p-Akt/Ake HAE I A (P<0.01
8 P<0.001), {H Akt mRNA FiEKFEF TG FE
X (P>0.05, EI3B., C).

2.4 ERXNRNT AN EES R BUSE R IR
XL LEH, ADR AR 5 200 B r) 455 35 2k b A b
2 B 4 34 hn (P<0.01, [&l 4A). RT-qPCR Fl Western
blotting Ki il Z5 R 7, 5 IEH X IRAL AL, ADRZH
JI 7 40 v Jle B2 2R 53 % G B JE PR IRST . IRS2,

PI3K, GLUT4 mRNA k7K, IRS1. PI3K 4 %
KK, DL p-Akt/Ake HE B 5 % K (P<0.05 B
P<0.001), fH Akt mRNA Fik/K V-2 5 T4 11248 X
(P>0.05, El4B. C)-

2.5 Al662270 5 i i R HUBMEFR bR A AH DG 4 B
Spearman AH X T B 7R, HAEFIZ IR /N eWAT Hy
A1662270 FiA7KF 5 IRSI, PI3K mRNA 3 A 7K F- 1)
5 % % & (r=-0.6616, P=0.0191; r=—0.8888,
P=0.0001; &35),

2.6 Al662270 I 5 22 B My 4t IR 2 2= SRR 1Y
S DG WA T ] UL 3 NCFAM 41 3T3-L1 fig
5 20 B b 2 B e S R I R GE, B siRNA B2 % A
3T3-L1 i Wi 4 i (4 6A); RT-qPCR ¥ iE 45 5 /i,
5 siNC 241 b #, siAl662270 4 % % N5 7 40 g
AI662270 F 5 BT (P<0.05), 26 I T mt Ak
25 W 40 M b Y AT662270(F] 6B) . 5 siNC 4H L #2,
siA1662270 41 5% & i I 20 L 55 5 56 v g A8 b 2 e
187> (P<0.05, [¥16C). RT-qPCR Fll Western blotting
ME R IR, 5NCA A, siAl662270 4= # R
i 40 Jftl 7P IRS1, IRS2. PI3K mRNA 33k KLU K p-
Akt/Akt FCAE P 5 TH i (P<0.0S), 1H Akt mRNA FE k7K
F2ER TG X (P>0.05, K6D., E).

2.7 Al662270 Z: 55 45 5 3 N 15 40 e 1 5% 25 AURk



R AL 4R 20254E8 28 0 Hiso%:  Hsill

mXTHHfH ADRA] 2.0- (1)
¢ & Si R H— - 2.5- (1) O EH 6 R4
2 8 — (1) EmADRZ]
X 1.5+ ¥ 2.04
*® X
= 10 i 159
z =y
E ig 1.0+
Q 0.5+
g Z 0.5
< E
G 0- T T
»&» & pl6ink4a  p2lkipl pS3
&9
& ©
1.5 CIE# X4
EEADR4]

gama-H2AX — Sy 15kD

—
(=}
1

pl6ink4al. : — 16 kD i
p2lkipl] " NN e 21 kD )
B-actin| com— —o— 42kD |‘T'| |l|
0 T

W] ADRZA gama-H2AX p161nk4a p21k1p1
ADR. BT Z AN 5 p21kip 1. 41 A3 86 (AR ME BB I PR F p21; pl6inkda. BPREIIHIFEIN 1; gama-H2AX. B TL H2A 413 A KK
X5 A RN B-FFLIE T B YL (5 B. RT-qPCRAG IR Wi 20 it v A1662270 Y221k (n=4); C. RT-qPCRAG IR 5 4 i o o 2 Ar i Py
pl6inka. pl2kipl. pS3 mRNA [)ik (n=3); D.Western blotting ¥l JIg Jiff 41 i 1 42 Z bR 54 gama-H2AX | pl6inka. pl2kipl Z& 11943k (n=3) ;
(1)P<0.05, (2)P<0.01, (3)P<0.001

AR RIB KT

B2  LncRNA A1662270 fE XA ANHLF RRRIA T DL
Fig.2 Expression of IncRNA AI662270 in aging adipocytes

o0, O | s L5, S
e < s [ e o
&_ 8 % ® 0 @ N @
£ Solme g MRS s Fo
27 ] &
=L 4 = p-Akt (Ser473) | g oag |OKD = @
= 3 = oo 205
o 24 = t =
s 2 acin[ o |20
- 04
& B Akt IRSI PI3K GLUT4 & B IRSI  PIK p Akt/Akt
e ® £ o

Akt S EEEB; IRSL. RS 2R 1; IRS2. S HZ AR 2; PI3K. BEARBEIIEE 3 A ; GLUT4. MiZMEE A 4; A /MR
75 AW & i (n=7); B. RT-qPCRAGIN /N FL e WAT i 9 12 22475 53 I G HEIL IR R 2235 (n=6) ;- C. Western blotting £l /)N Fl eWAT M1 i
Z(E M R MFA (n=6); (1)P<0.05, (2)P<0.01, (3)P<0.001

B3 Xt/ NE SR IR ZH 2 (eWAT) [ % 25 U A 2 i)

Fig.3 Effect of senescence on insulin sensitivity in white adipose tissue (eWAT) of the epididymis in mice

(AL 537 LncRNASNP2 B3 il A1662270 B T 42 75 miR-3073b-3p 42 AI662270 [ T i #E A K, H
JiFE 48 3% [H R miR-3073b-3p, H & HA L5507 55 . AI662270 5 miR-3073b-3p T ff1 [r] JEHE L R .

RT-qPCRIGIEZE HE 7R, SFARLA LA, B4R/ ENCORI 3 Tl miR-3073b-3p I ¥ (3 K Ay
L eWAT H' miR-3073b-3p #3k K -1 {2 F IR (P<0.01), Hmox1; RT-qPCR Fll Western blotting A& il 4% - i 7%
H 32 208 7 40 i miR-3073b-3p FRIAACFW IR 5HFFELAILEK, ZHF4 /DR eWAT H' HmoxI mRNA
i (P<0.05) . Spearman Mo En, E&/DR M A REKFHE T &, HEZIED 9000+
eWAT 1 A1662270 214 7K V-5 miR-3073b-3p ik /K ¥ Hmoxl mRNA FI2E [ 26 1k /K-t B i 7H 5 (P<0.05 5§,
LA (r=-0.5508, P=0.0412), It4h, 5siNC  P<0.01). Spearman #H 5 43 #f & /R , IRSI. PI3K
HHEL, siA1662270 4 Z RN 4N 1 miR-3073b-3p  mRNA ik 7K -5 Hmoxl mRNA &35 7K - 14 5 7 A
FEakAKOF B L TH S (P<0.01, Fff &I 1A-E, https://dx. 5 (r=—0.7979, P=0.0019; r=-0.8045, P=0.0016); %
doi. org/10.11855/j. issn. 0577-7402.0251.2025.0319F]), % /I Bl eWAT ' miR-3073b-3p % ik 7K *F 5 Hmoxl



Med J Chin PLA, Vol. 50, No. 8, August 28, 2025

o 30 ) g 1S = IRS1| g e s JISOKD 15 SRR "

£ ﬁm O o o 6 PI3K (p8S)| = SN =

i%%m g ' p-Akt (Ser473)| emmmm e = |60 kD ﬁg Q @

;}:510 %0-5 Akt emgp e [60KD %0.5-

fi % 0 B-actin| D SN |42kD B N

s )\?}& Q‘_»,% Akt IRSI IRS2 PI3K GLUT4 %&@3& Q»y,% IRSI  PI3K p-Ake/Akt
X\y% ¥ - X\;@ o

ADR. PR AbFE ; Akt 25 (U B; IRSL P 2K 15 IRS2. R R 2K 2; PISK. BEGBENLEE 3 it ; GLUT4. #i4itiitiz
RE A 4; A BEFREAP AT (n=3); B. RT-qPCRAGI PRI 20 A A B 5 R A 5 O L TR 9 38 (n=3) ;. C. Western blotting KM HE 77
YA AP R {5 Sl B A R # Ik (n=3); (1)P<0.05, (2)P<0.01, (3)P<0.001

B4 g 3T3-L1 NS 20 M % R B A 5
Fig.4 Effect of aging on insulin sensitivity in 3T3-L1 adipocytes

1.5+

—_
wn
1

r=-0.6616 =—0.8888
B P=0.0191 B P=0.0001
= %
X X
¥ 1.0 # 1.0
= ©
5 o
2 054 5
2 05 t 05
T T T T 1 L] L] T T 1
0 0.5 1.0 L5 2.0 2.5 0 0.5 1.0 LS 2.0 2.5
AT662270 %} Fe k7K - AT662270 A%} F k7K -

IRSL. B R AZIRIKH 15 PISK. B NSRRI 3
Bls e/ ORTALY (e WAT) T AL662270 55 2 UM R AR 1 A1 DM
Fig.5 Correlation analysis of AI662270 with insulin sensitivity indicators genes in opididymal white adipose tissue (eWAT) of aging mice

1.59 (1) 40 (—1)
NCFAMZ B v e T
= T B
.‘}J&g 1.04 & o )
123 €=
£ -
R 0.5- )
N T
8 i
< 0 = 0
P i & i
s,\%C 6@:’:@ %&C Q
) ® 9 ©
IsiNc4l (2)
] siA1662270fﬁ
3 (O] 087 ———
i (1) 0.6
H 24 — p-Akt (Ser473)| —————  cmm— |60kD g
g % 0.4+
_E:g N Akt| o—— — (60kD A
Z 024 o
e [B-actin| w— — (1 D
0 ! ! 0
Akt IRSI  IRS2  PI3K §o&> q&% gc&’ e
9 o
0) 2 o ®

MOCK. IGHIXT I Akt T 1A B; IRSL. S R Z AR 15 IRS2. B & &2 MR 25 PIBK. BENRBENLEE 3 W% ; A H QI
B. RT-qPCR G N N4l Al662270 H AR AR (n=3); C. SEFRIEP MRS ik (n=3); D. RT-qPCRAGI NG A1+ e '%%EJE%
T % S BHIE TR 1Y) 2238 (n=3) 5 E. Western blotting A5l 3 2 /I s 41 A HH 1 3 225530 B SR AR 19 238 (n=3) 5 (1)P<0.05, (2)P<0.01
Ble ik A1662270 5 7 A bR & 2% AR R3S
Fig.6 Aging fat cells have increased insulin sensitivity after A1662270 knockdown



BEE 4GS 2005t A2sH Hisol Ml

mRNA 235 /K -5 2 (r=-0.6170, P=0.0109), &
N miR-3073b-3p BT Ui 8 KL 4 & Hmoxl, H miR-
3073b-3p 5 Hmox1 S 0] 5 K R . 5 siINCZH HLAL,
siA1662270 2 5 E R AN - Hmoxl mRNA FIEE 1A
K- B 58 B AR (P<0.001, P<0.01, Fff&l 1F-L, https://
dx.doi.org/10.11855 /j.issn.0577-7402.0251.2025.0319F])

3 it it

I &5 2= HKHT AN 2 O DRI 17 £ 25 B A AR I 1Y
BRI e RS R L R R AE S
JE RS ZIRPLAH Lz —, [RIEHEA (@R
(BT o AR AR T REZE ALY, Horp eWAT S R4
W5 38 K o AR A BRI R AR HL Ae iE
210 P, TEASETT IR I 4L SURAR i 4 i 2 5 47
W R O I 5% 2R HRATT 1) 43 F- B XoF i 2% 186 4 AR i 2
P ] Be HA HEAEM .

S PP BEAT 22 43 24 i) SR A i JR) 491 2 4R
S S T ) DR 4 p 1 Ginkeda T p2 1kip 1 AF T 3R 354 17
WL . AR R BN, TEEIR /N eWAT
BE M EHE A pl6inkda Fl p21kipl 132350 B TH &,
5 55 1355300 [ 56 S 5 PR TRST 1 PI3K 25 1) 36545 W I [
ik, HBFRLr Ake B0 NI, R E0] T3
/NE eWAT 5 =P

LncRNA & 25 #iL () F 45 % RNA, 255N
Fik | HATRRIIESE A YA Y, BOkEZ RYE
P2, IncRNATER 2l FErh ARG EEER,
U1 BT & W IncRNA OIPS-AS1 1 38 15 1 45 1% [ miR-
4500 I [i] IO HIRG ZRR A 2, PE A T N R
SR N T RERR AT FE LR E 5 i B LA
WDRET, YuZEPHFSE & B IncRNA GPRCSD-AS1 A]
i 12 ceRNA AL T 27 W B miR-520d-Sp,  JnH B AILAH
M FE R 4k, IS 2R B % L& B I 1 225 #5L
W, WA, RS R, FATET
1 A 0 47 S IncRNA 2 51835 322 PR A0 g At
WRaAR, KA W, IncRNAJ 122 55 & iram
PIRITAEH R )R

AVRFTZH BT S T IncRNA i ceRNA V45 1
B miRNA 1977 205 5 505 & T 1 43 FHLHIT 52
A 5T 3L T RNA-seq )74 AR ke I 14 /N B b A7
£ 4 77BN IncRNAs?, #7R IncRNA 1] RETE H
SRR R —EEH . AW 25 5 IncRNAs
ATt kI, 54 /MR R, 18 AR/
eWAT 1 AI662270, C4a, Gm29719 Fil BATEL [ 51k
W L, SPas R30S BT R
o B 5 M 5 A0 AR B IE S AT66270 76 3 % IR i 40
b B Rk, $ER A1662270 R BES ST w2
I 200 ) J 5 ZE AR . H AT662270 FE i A

Z 55 R IPUE A K R 5T HLE H RITA B
Hong %2557 & B A1662270 2 T 4RMH, i zE o7
T2 BT 9 IncRNA 7] /E A ceRNA PR 5 G 45 &
miRNA % T SE R i 63k, $7R A1662270 1]
B I ceRINA AL Vi 407 W2 BFF miRINA 1 11 8] 42 5 AL 11
Fik; wBR A1662270 J iR BR R /N BRI Y AR
WLEz i, FERINIEFRERD | sk Eadfk
BEHE/N | G20 AR R [ e A HESE I L R 4 TR
R D o AT ] IncRNASNP2 il Al662270 T
U7 AT BE 76 45 1 B Y miRNA & miR-3073b-3p, JF7EAK
N AN E AR Hh 86 IF miR-3073b-3p (I35, 45
7 miR-3073b-3p 7F ADR 20 11 (1) 2 A ¢ 1F & X JE 20 B
WK, 5 A1662200 i I8 R AUAHSE; RS
ENCORI #ililll miR-3073b-3p [ FUHFHEIER, Hrh i
PO PR Hmoaed © B3 UE S AT IR /N BRI AA (4 [R5 3R
B, H Hmoxl W335 5 165 R A5 518 I AH X3k
PRI IR S A G, I AT ARG 107 20 ) 0 2 W
BORP FANG IR, FE AR/ B /NI 20
firf, Hmoxl £ R #3i5PY, FHH Hmox1 55 £ %)
PG . AR LB, 3 &/NE eWAT H' Hmox1 £ [
fmFeiA, H Hmox1 75 % 2 J5 7 40 i v % 25 1 W]
R 2N ERUBR T AL SR S A 7 A R B R
RURPE DG ER 11 p-Akt YRR W] FEAIK, & /Nl
TH R i D7 A M s SR B b ) s A S R, R
PR 5 AT, I Hmox1 AT RETE F AR EEE 51
e S ZAPL R kR EEEM . [, 78
A1662270 AR Z AR ZHMI T, miR-3073b-3p 3%
5 B 8 T35 1 Hmox1 12235 B W FEAR, A1 i d 5 3k
R ATRE S AL, RS R BB G AR
KT, TR BRI, UL, A1662270 FI fig
Z: 545 5 2 R T A LAY JBR B 2 KB, AT REVE S
i [ A1662270/miR-3073b-3p/Hmox1, Rl A1662270
T 3 #A] R 8 miR-3073b-3p (19735 & _F i Hmoxl 1
Fik, SHEOZZARTAMLY RS R HPT.

gi bk, AR AEREY], Al662270 TE
/N eWAT J A5 IR B2 R R0 A0 i i v A 4538 QR
A, H A1662270/miR-3073b-3p/Hmox1 3¢k [ A X1
£54 IncRNA 5z FHPEAN il miRNA [/E FHMLE], AT g
1 76 25 W% Bt miR-3073b-3p 2K 45 Hmox ()35, #F
1112 5 VR 22 R 240 B A e 5 ZR U . SR AR
WF5E i AR S BRI HLHISAIE , ARIE T RAIRT
Ak 4 it RNA TE R 7 20 21 N FLAh Z2 Rl 2 285 B 2 R
Jo B R ARG BV E AL, A A 22 A 7 4 A
et S AR DG A A B B A 1 o0 B

(&% k]

[1]  Lépez-Otin C, Blasco MA, Partridge L, et al. Hallmarks of aging: an



(10]

(11]

(12]

[15]

expanding universe[J]. Cell, 2023, 186(2): 243-278.

Zeng Q, Gong Y, Zhu N, et al. Lipids and lipid metabolism in
cellular senescence: emerging targets for age-related diseases[J].
Ageing Res Rev, 2024, 97: 102294.

Guo Y, Guan T, Shafiq K, et al. Mitochondrial dysfunction in aging
[J]. Ageing Res Rev, 2023, 88: 10195S.

Fountain WA, Bopp TS, Bene M, et al. Metabolic dysfunction and
the development of physical frailty: an aging war of attrition[J].
Geroscience, 2024, 46(4): 3711-3721.

Garg UK, Mathur N, Sahlot R, et al. Abdominal fat depots and their
association with insulin resistance in patients with type 2 diabetes
[J]. PLoS One, 2023, 18(12): e0295492.

Patel S, Sparman NZR, Arneson D, et al. Mammary duct luminal
epithelium controls adipocyte thermogenic programme|[J]. Nature,
2023, 620(7972): 192-199.

Zhao Y, Yue R. Aging adipose tissue, insulin resistance, and type 2
diabetes[J]. Biogerontology, 2024, 25(1): 53-69.

Wk, XRDT, e, 2 PR Zprl X 3T3-L1 Hil i 48
T oA K D5 R AR e B A 2 S R ). S i 2R e
&, 2023, 48(4): 394-402.

Huang Y, Gao P, Young LH, et al. Targeting white adipose tissue to
combat insulin resistance[J]. Trends Pharmacol Sci, 2024, 45(10):
868-871.

Corrales P, Martin-Taboada M, Vivas-Garcia Y, et al. MicroRNAs-
mediated regulation of insulin signaling in white adipose tissue
during aging: role of caloric restriction([J]. Aging Cell, 2023, 22(11):
e13919.

Nojima T, Proudfoot NJ. Mechanisms of IncRNA biogenesis as
revealed by nascent transcriptomics[J]. Nat Rev Mol Cell Biol,
2022,23(6): 389-406.

Herman AB, Tsitsipatis D, Gorospe M. Integrated IncRNA function
upon genomic and epigenomic regulation[J]. Mol Cell, 2022, 82
(12): 2252-2266.

Matboli M, Kamel MM, Essawy N, et al. Identification of novel
insulin resistance related ceRNA network in T2DM and its potential
editing by CRISPR/Cas9[J]. Int ] Mol Sci, 2021, 22(15): 8129.
Sathishkumar C, Prabu P, Mohan V, et al. Linking a role of IncRNAs
(long non-coding RNAs) with insulin resistance, accelerated
senescence, and inflammation in patients with type 2 diabetes[J].
Hum Genomics, 2018, 12(1): 41.

Hu Y, Zhang Y, Wang S, et al. LncRNA Gm15232 promotes
lipogenesis in aging mice through the miR-192-3p/GCR pathway

(16]

(17]

(18]

[19]

(20]

[21]

[22]

(23]

[24]

(23]

[26]

(27]

(28]

Med J Chin PLA, Vol. 50, No. 8, August 28,2025

[J].J Gerontol A Biol Sci Med Sci, 2024, 79(4): glae066.

Xu M, Pirtskhalava T, Farr JN, et al. Senolytics improve physical
function and increase lifespan in old age[J]. Nat Med, 2018, 24(8):
1246-1256.

Miao YR, Liu W, Zhang Q, et al. IncRNASNP2: an updated
database of functional SNPs and mutations in human and mouse
IncRNAs[J]. Nucleic Acids Res, 2018, 46(D1): D276-D280.

AEE, VLR, 1 ITTC, 45 . 2 B AR A0 A5 B AR DT iU AR 5
M PRI 28 B HG55 I 5 D RE AR G A 2007 (0], At A ZE 1 24 2,
2024, 49(5): 527-533.

Mueller E. Browning and graying: novel transcriptional regulators
of brown and beige fat tissues and aging[J]. Front Endocrinol
(Lausanne), 2016, 7: 19.

Su PP, Liu DW, Zhou §]J, et al. Down-regulation of Risa improves
podocyte injury by enhancing autophagy in diabetic nephropathy
[J]. Mil Med Res, 2023, 10(1): 32-44.

Wang Y, Li Y, Li Y, et al. The IncRNA OIPS-AS1/miR-4500 axis
targeting ARG2 modulates oxidative stress-induced premature
senescence in endothelial cells: implications for vascular aging[J].
Expert Opin Ther Targets, 2023, 27(4-5): 393-407.

Yu M, He X, Liu T, et al. IncRNA GPRCSD-AS1 as a ceRNA
inhibits skeletal muscle aging by regulating miR-520d-Sp[J]. Aging
(Albany NY), 2023, 15(23): 13980-13997.

Ding C, Yu Z, Sefik E, et al. A T(reg)-specific long noncoding RNA
maintains immune-metabolic homeostasis in aging liver[J]. Nat
Aging, 2023, 3(7): 813-828.

Li L, Zhang Y, Gao Y, et al. LncSNHGI14 promotes nutlin3a
resistance by inhibiting ferroptosis via the miR-206/SLC7A11 axis
in osteosarcoma cells[J]. Cancer Gene Ther, 2023, 30(5): 704-715.
Hong Y, Zhang Y, Chen H, et al. Genetic dissection of the impact of
IncRNA A1662270 during the development of atherosclerosis[J]. ]
Transl Med, 2023, 21(1): 97.

Jais A, Einwallner E, Sharif O, et al. Heme oxygenase-1 drives
metaflammation and insulin resistance in mouse and man[J]. Cell,
2014, 158(1): 25-40.

Moreno-Navarrete JM, Ortega F, Rodriguez A, et al. HMOXI as a
marker of iron excess-induced adipose tissue dysfunction, affecting
glucose uptake and respiratory capacity in human adipocytes[J].
Diabetologia, 2017, 60(5): 915-926.

Fernédndez-Mendivil C, Luengo E, Trigo-Alonso P, et al. Protective
role of microglial HO-1 blockade in aging: Implication of iron

metabolism[J]. Redox Biol, 2021, 38: 101789.

(e ESt: 227777)



