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B . HZBRAHM, HAAd s asn LR, Bk
Ji g =X N B 2 R 1k i (phosphoenolpyruvate
carboxylase, PEPCK) J& Ml 5 2E i 4 v iy G Hl g
HIER R B mbE S ™ 76 R ai Mt 3=
1K KLF15, REHE I PEPCK J& h 1 1% M 0 3 1k K
I, ZPIBAEE— 2B A B, /N BT S
5 75 FILTF 200 £ FH RNAG S50 KLF 15 226 2 nl i
i 2 Kk TR I fifk T BOBE S AR BE DY (A PEPCK Al
HPD) [FIRFEAL ", KLF15 5 i S Ak 4 il 1A 1
B W) P0G sz R y I3 3G 1 F 1o (peroxisome
proliferator-activated receptor gamma coactivator 1-
alpha, PGCla) 7EMFANMTPIEE &, HhE
BT R oA Tl MR S 2 BR PRI SRR 0

TEREEING, R A A A o I, SR,
FEES ], BEIEAARSTE 10 h AR/, DU FAERY
WS R EE A A R . AEE I8 h A,
KLF15 §if 4 (knockout, KO) /) fl 5 ' 4= Y
(WT) /MR EG, SR ™ AR b, - EwE
JE i B RIS T2 BRI, KLF1S KO /NG I
B s LA i 7 R A 1L FR 3 B (CPT1, MCAD)
S PEPCK Hy A IEH ', KLF15 KO /MR KB
HE 22 A A S R R R e il 11 R DR SRR B AR, AL
ALTI . ProDH, TDO2 I HPD., N4 (alanine,
Ala) SR ATIA, 8T ALT1F A0 73 R 2 b
SRR, JF B R PR S DI R R AT LSRR T
KLF15 KO 5 2 iy AL i #% , 3X 26 B 58 R B
KLF15 7] e i 3855 2 502 J3 A R DG BE TRl i 2
K5 WE S AR IS, DT R S I . KLF15 %
PEPCK £ AR AFAVEH, AlGER i T KLF15 KO
INERSE R GeZ KLFLS B8 SRR A A, 155K
PR T AL A A A ML

WA — e A B R AR S AR, TR A A= A
Y BEAEEAEM, gt BARSF R A AR
KA (autophagy related gene, Atg) 45 '™,
F R — A B B R e 7R S SR B = BIYLRAE T
GG VY M FLEh Y LS S 0y A e S R A
TIFE, HFEER =R . |5, JRPiRRT
DA a7 A R A0 B o3 A AR, AR R = BRI AR
(adenosine triphosphate, ATP) "', T 2~
AR RS Y SRR, AT LA b
Wi A P A B A W B IR A A S b, DT
PEATORE N FER A, BRI AR E SR B
(LT, MY THEAS L 7 Rk
W1, MRS 4t KLF1S @S, 7840 du sl s

Bt BIAET, R A LC3-11 il cleaved-Caspase3
KD, AMEARCSE TR, iS4 (Gop Fi
PEPCK) FikFEAK, TWibEEEff S (Hk, Pfk Al
Pk) FRIiREIN, H b N 2 AR D5 R (free fatty
acids, FFA) 1 2" KLF15 i it 5 Atgs
PEPCK Ja s 7454, FIAHIGE, fEt4ni A ws
FUBE S U, 4l L Atg8. Caspase3 435Il R I
E D YR LN S o (TR | P S T o
KLF15 5745 B i i B W Fn 4 it g8 1~ ot S5 A= S LI
Yy, HEREE R B R I AR ARG

Zi L Frid, KLF1S7eME A Jafs hle 45 s 2AE
L HAREAURZEA R A YR R — 2 2
5o KLF15 E RS 7EAR £ 30 Ml ik 3] 2 1R
A AR DG R ) SRR S il S A, (HOHAEAR AR
RRA A B HBLE AN . Rl & KLF1S
WML AE R R E SRR T IR S A A R A Y
GO AR R AR ST
2.2 KLF1558 &R

M &P R 2 M 4 (glucose transporter type 4,
GLUT4) MRS FEHUREM AL En, =
BAENUA AR h Rk, X T4ERF RS A
HXHVEN . GLUT4 MR E 4, Wik
SRR T, FX BN, GLUT4 )R T
X I AEAE— A WL i3 58 9 F (myocyte enhancer
factor, MEF) FYZ5-& 005, 1T 3l B9 T v 17
FIIX (-412 3526 Z [8]) " BRgs A S AR
2 S HUE RN Y T GLUT4 3 31 1% PR 2 4% |
FZAL SN T GLUTS Fak 2 1, dE—4
IBFSE 20, KLF15 Fl MEF2A 75 M X 84 2% 1)
AHEAEH . i e U s R, T AR & B
KLF15 5 MEF2A fig HHEAH B AR, Jf H AR gL
SEge RO B fig S TS GLUT4 15 3))
T, BER SL A A BRI 2 UG i AR
FEARER AR, G0 C2C 125 B IAmIE . 3T3-L1
JEMFANME . NIH-3T3 sCZT 4E 40 A A 10 -1 HLA0 i
#, 1K KLF15 #1688 & 158 GLUT4 [ R 1k,
IS ECE A N B, XL R IRIH KLF1S v]
RETETA 19 GLUT4 RIAFTRE P E FUWRAEH, bk
PRSI HABA G B TR T H A TV AE R A
23 KLFIS5RSEERE

I 5 252 Fh BRI B AR AR AT IR TR, B
ST B SRR KO . B SRR = s
B VA BB A R0 ) F 420 1 T 22 2R R AT It AR 7k
S, T 8 2R R T U R A B AR IR % 2R 1
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INF RS, e S 22 ) R B Z kAR B[R A RCR
— IR 6 5 BRI 7 56 B 5 2R U
()AL R S A 2 A0 T R W, KLF IS FEJR S R AHT
NBERRWTA S B H L SRR BEAR 200 Oy —Tigt
X AT N PP i 7 4 e 22 2R ARk By e s 2 2
MR, KLF15 nlRgid i #15 PPARG . PXMP2 .,
AQP7 ., LPL FNZERL AR W i v 56 PR i) 2 38 ke 72 1l
I 5% R U

JE RS 1R () FFA S 5 | B A Qa5 s
() H B R A . FFA 19 8 22 % 0 4 6 4 A TR
(palmitic, PA) FIMER (oleic acid, OA), i
FFA [ B 432 58% 224 78 3T3-L1 RN 40 g PA
i 1 GPR120/p38 MAPK {5 5 i 1%, OA il i
GPR120, #Ifil KLF15 ik, HZFBUEN4 b
AR > AR A LI 1 (stearoyl-
CoA desaturase-1, SCD1) J& g AR 210 Al 52 i
— 51, #if] SCD1{EPE T AR AT . A AL 20
Jig Wy 20 21 4% 5 1k KLF15 3 %35 (aP2-KLF15 Tg)
INRAEE ISR E (high-fat diet, HFD) %5 5]
X HRAH L, SCD1 Z&iA T M, AL R K %
%, TBRAR B AR 3 WA Ry R 3 I, R R K

KLF 151 5 5 55 A R e e

KLF15 e

]\

e

LC3-11,

BT AR

C ®RE )

UL FEFEHT 7 BRIE R — AR 9 g A
BT | GE SN A LA K i 5 R Aguakvk Mg
5 - 28, aP2-KLF15 Tg /U] LAHEH E g i
SECANCIE, 20475 R SR =AY L R AT g
TFHEWIZI KLF1S i ik )5, /UL Ig I K
SRR T ARSI IR D 4 4G KLF 15 f5
fg Ik %= (adiponectin, APN) mRNA & ik 0§ 13§ 3
hn, {HKLF15 S APN (28R %A 5m . PRI,
KLF15 Xf Ig B 2 nl e HA W EH, HIEATTRE
EFERERNEK ' Adipolin J& T Clg/fh g 15t
FAH KM (Clg/TNF-related protein, CTRP),
JENRIRZR S RN, EoA e e &) 2 U At
RAEM, SAERE S A > KLF1S 85 T
Adipolin B 1) J5 2 &P, {H KLF &% o KLF3
T Adipolin J3 8h Fi% 4%, W ] BEFL =R IL N -
e bE 20 HURTEIR B S B RRE TR,
T KLF 15 23575 i Adipolin & PERFEAR, MM T3k
Ji 5 R AR RIS . A A AR A . AR T e R
T 2,

KLF15 38 iF 45 g 1 2= Ukt . A bt iz |
WA 2 5HUARBHCEHES (| D). HEmTET

KILF 158 145 7 47 40 ORI g & 2=
Ut

KLF15

'

MEF

(GLUT4)
v
i 75 B L

Fig. 1 KLF1S5 regulates glucose metabolism
BE1 KLF15ET#ER G

KLF15fE #EMER AR SC R GOPHIPEPCK R IL , #IHIHK . Pfk, PKEIL, fRBEWESA:, IMGIMIAEE . KLF1555 GLUT4IA 3 XIS MEF{ £
454, WEGLUT4HEA, JEibbEEi . KLFISE T FAPN, Adipolindéik, HR M RMUEtt (KK i HiBioRender.comf##) . KLF15:
KriippelH: K15 (Kriippel-like factor 15); PGClo: i S LM BRI VR0 52 A4y B0 I F 1o (peroxisome proliferator-activated receptor
gamma coactivator lalpha) ; G6P: #ij %5 ##-6- 2 (glucose-6-phosphate) ; PEPCK: i ik 4 M5 = 1 i ik 42 i ¥  (phosphoenolpyruvate
carboxykinase) ; HK: CWEfF (hexokinase); PFK. BffZ WM (phosphofructokinase); PK. PAEAARILMAE (pyruvate kinase); MEF:
L4 ifu 3455 K F (myocyte enhancer factor) ; GLUT4: #i#gMiski2 14 (glucose transporter type 4); OA: JlifR (oleic acid); PA: FEAHER
(palmitic acid) ; GPR120: G#E F1{HHLZ 4120 (G-protein-coupled receptor 120) ; p38 MAPK.: p38%Z % 5l {1k 1 (14 (p38 mitogen-
activated protein kinase); APN: HgHKZ (adiponectin); Adipolin: ABNFZMAEH T
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KLF15 SRS TS LR EEAERTE . 5T &
BEIL, AR AGOFFE AT LLE— 20 PR3 KLF15 7E A [R]
AR HAAAEFIPLE], 50 2 Un e i 4 22 7o
ARSI A R ME B AR B - B A B

3 KLF15AT g4

3.1 KLF15F % AgRA £ R

BV AE B FR ) 72 0T T A LA A0 A R AR B
Y, HZIE AR AR R A R, X —id
FEZ B Z R S RO EME TR B IEERRE L
BF, BRI LR Z REEE AR T AL £
RET A BT, A8 A7 B RE = LUE DR E 2R A I T
DA R ILA A U R s IR B Y BLIARE 5
SR, FTHRR IR N AR, IR E
RS FEULRE . B RHCHT . 2 BOERAS FIE T A

YRR (NAFLD) 2R 5,
R Wi 20 i o Ak ad f2 v, KILF1S (9 3835 35 1
i PO R AN R S KFLS RifBR (AK 1S5 KO)
/NERRIL AR A B> . s, SR AIL-6
PEIRACEREAR, BRI KT &, 3 H b FAg
Bk, HLRRREHEHT R IR B [ 0 T e R e
B EAEPL . B R Z R (glucocorticoid
receptor, GR) JEARI LA R 7] 4, e/
SRV IG BT 2 4t i 1) i 10 26 it B rh . GR B
KLF15 55— W& F ) GRE 7 5454, 1A
SFIEE, PRI 2 LA SRR AE A
KRy FHE N B WA KLF15 89 F IR L, 4945
CCAAT/AY o ¥ 45 &5 4 11 (CCAAT/enhancer
binding proteins, C/EBP) . it 8 ALYyl E Y1
132Ky (peroxisome proliferator-activated receptor vy,
PPARy) . GLUT4. 7rHi i [l 40 Mo 534k B 105 200 it
()i #EH, PPARy Il C/EBP J& &4 7 15 [ 1 19,
76 NIH 3T3 40ftd, KLF15 B0 235 0 LIS g
J5T B 22 F PPARy %% 5 /K V-3 w5 °¢ . C/EBPB
C/EBPS 1% KLF15 Fl C/EBPa % 0y %% 5%, 1
C/EBPB 1 C/IEBPS K V-F& k)5 , KLF15F1 C/EBPa
A A 7R A R BRIV ) 8 PPARy 263k, 1 PPARy
MREHERS N C/EBPa 335, LA B — A~ 1E J A5t 1l
B, AR AR DT A0 A AL B HZARRL, A9IE
TN 5 2H 2R 40 i p KLF15 B A% 5 30 PPARy 3k
FEREAR . TR 2R BB R 7 A B4 R A
Grff . GLUTA JE M N R i 3R 1% sk K, HAE
It 177 200 Jt v £ 2o 3 5 R AR 2 g M A s 1 38 i e
KLF15 mfIG Y 3T3-L1 40 A rh il (%) e 52 22 i

{1 1 2 W R B S B R A% DM, GLUT4 mRNA
B BTFRIBRET, e AR T AR rh IS 1 Ry
P

BRSNS, U H R A/ E o i ] 4
rh R T 2 [ R A T T 1 45 A & E 1e (sterol
regulatory element binding protein-lc, SREBP-1c)
(e Sk, X IFRERB I A= B G2 7, 2R |
P55 T KLF15 19 C o5 A 5P X 5244 (Tiver X
Receptor, LXR) i DNA 5 &3 HAER], 1E4E
£ R RN AR O 9IRS ] SREBP-1¢ ik 5 H T
R B A URE R 2Rk, s Hh =R IUEE Y. 1
4b, FoxO1/3 ifid 5 fFERE 1t KLF15 5 31 B
454, T SREBP-1c 3Rk, P2 £ B H] i IR i
AR, Twist A2 HE 2 (Twist-related protein 2,
TWIST2) 275 B R ST BT B i - B - ML 5 3% A
T, HAYFIRC, Rk B AR R S
AP HIFE L = FEE R S ARRE T, Twise2
R BUNRACRE L B R ARG E AR 15 22
PESY o B BRI S R KLFIS RiA &,
KLF15 B 4% Twist2 J3 8l AH AT IFH8 58 Twise2
Wesg, DCENTFNEARIAZTE Y KLF15 KO/ B
FFIESRAE . BRI, (HKLFI5 KO /N AT A
W AR E TS 0 B RAGURAR I . SR
MRFETT, JHFIE PN B 0 &, KLF15 KO /MY
JHFIEE T 105 72 P R i J 2R UM Y DR AP P 3 i 2
XM KLF15 KO 7] g3 BUHNE ER B 5 05 %
HEHTAERE

Zi LTk, KLF157ERR 5 Az i 4o 805 S
P, I 2 5 IR T AR R 2 A
(F12) o X SERIFGY Ry itk — 20 B AN 15 2 g
LY EE B A PR LR IV LR TR T R 5
3.2 KLF15FTBERA =54

P 2 i 7 41 41 (brown adipose tissue, BAT)
DL TR S AL LR ITE] (AR
BRI, PR P S K S L0 ek
LR RIRTTIIS 4 2 BATYE N EE = E, A
A MG RGN R . #AE SO B R
(branched chain amino acid, BCAA) 1 A4 #UhR
(URES) =, BAT PJRE & 7E FEV BB T i o A B
PHEAR, EHAIRITA B TIHFERE R, X 4Rk
FEh#BEEEE 1 (uncoupling protein 1, UCP1)
9K Zh o, BAT 16 385 ] LA RS AR 2008 I 7% &2
o R RO WA, AT
AR e,
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MEPEFEA PR (4°CF10d, BERIFE) /MR
X (Mgt e) /MR BAT I RNAMF (RNA-
seq) ZEM W, NEFACHIA G E S0 oy B %
B, AEEat (12h, AHEE) 5, SR
/N BAT RNA-seq W45 R AH L, BAT A 75 R g i
B 3 B 4 (pyruvate dehydrogenase kinase 4,
PDK4) #%35% | PDK4 i 1 F1H 4 b Atk st /b 4
Rz, A& e A 2 PR 2% 5k o 35 1 v
SRy 3E WA [ EF [) B 3 R 5 n] FH A8 1k, BAT
PG PE R B AT A 0 @', KLF15 76 BAT i
TR GHHAL. JFREZAL, AR CRRRY B,
FEREAS RIS B B b = B R Rig M FER Pk K
/N BAT /) KLF15 363k 5 6™ #AL, B3
R B 522 ARRL, AR R A R R =
R AZIRI/NR, EEEEIRET, KLFIS3%RE
o, BEMi AR . ARSI R T X
FEWA KLF15 7] GE7E BAT Qb & 45 i B4R .

BAT % 57k KLF15 #i %% (K15-BKO) /N5
By AR RN B, 2 55 08 0 8 ORI B e L PR ik
(long-chain acylcarnitines, LCAC) %51z 28 ki {4
AEEN (B CD36. Slc25a20 1 Cptla), BCAA 43
i ACAE SE LN (N Beat2. Aldh6al T Mut) ¥R
P (BIEABSL A (WLCAC, Efi1)EBAT
AP ORI ) MJLA R IERR (0B & R
(tyrosine) . JRZ MR (citrulline) ) I 3 38 fim 8,
X B K15-BKO /N R B H g 54X 1 25 6L Fn 2 ik
P 1) FH 2 LS8 2R A 5K 36, K15-BKO /N fRUTE
M PEFER BRERET, BEASLESE X IR AL/ BRAH LAY 4
R, (AEa R Y, Y K15-BKO /NRIEFTIE
PR R R B 25 i g i 2 B, K15-BKO /)N FRU7E ik
ZHSRIREL AT, JCRYERFARIR, JFRE 12 h N3E
T- %%, RNA-seq 7T ik 7 24 FE V% Pk ik W] i 4% it
W, BAT = $ SRR LU AR B i i 2 S A% o5
F AL Y X RISRIREE GEARY) WL
YRRV % 8 1 (0] BAT 7 #4109 21 2L A OB
YT SE YRR, BAT 2356 2E 30 55 1tah,
FEVR PR AR IRI B 25 i AT K 15-BKO /B BAT Tjfig
BFARZ M 4 SRS, AP b SR R A S A DG 1Y
SR AR LR AL N B T, TRERE R T
PRANBAT fIEEEAE %, FERSM, K15-BKO JFftEs
FRAuffLrh, KLF15 S04 S BUE N H AR A%
RS, A E R TRE 324 Y

FE ] 7050240 B o3k A s 7 A4 e o R v
5 KLF15PpEMKLF11, #id5 UCPI G 8+ 194

A, W UCPI #35 . KLF157E AR Ak g
WrBe A RPEVER, TERR GBI 4, JHA 2L
U5 IR 7 4t B o34k o ABAE O — T g v B
Koas R 0] LU o 40 M A0 15 S R T RS 12
(extracellular-signal-regulated kinase 1/2, ERK1/2)
MKLFI5 {557 T HGRI4 (WAT) 1 UCPI
ik, RS EREN PR AR AL

KLF157E BAT i A] BEAS /2 LS 4 o3 1k
{HE 2R BAT fE it A A Az PR SR 1 [+,
M KLF15 6K, BAT HJCTA RS 7 s f2)y, &
A PAE MBI H , TR RV IE R BT
T, RS
3.3 KLF15FTBE R F A

TENEHATIZ B, FERREERIEN . I
AR T, A FBI A AS T 12 Sl i s i
FRFSEITIA] R E] AR 22 b A BE T iz sl
NE G AR RE DT AR, DR I FE, LA
FERIZ SRR T AR R Y, SR, ARITER B
A4k (fatty acid B-oxidation, FAO) J& B &% LAY E
BARGHE 5h ), Haldar %5 KIFEEE R . W FyiE
FfE/NRAA F 8L KLF1S ik, JFH
TE AR/ A L FE PRI IR T . KLF15 KO
/NEUMSAE TR (fatty acids, FAs) F1H i BT+
w . WU FAs #k B BEAR /0 BUAE 40 552 36 0
CACI2 452564732, KLF15 KO Ji LA Wi i)
55, Z 5 IRIR I/ is . SRR BT
b W EACYI BT REFIL N AR BTt A7 LR i 2
SZNTE N SN

i i /NE H FAO D) RE 1 kR 2 B 2 B i
PR AL i B E R A 7', KLF1S 78 3T v /N
e R AR Y WS R I, I v S R
KLF15 i3 5% 5 PPARa A HAE ], 3 F40 3
PRI sqte e, TR s/ N7 . 2k B it
MEYefL > RRlimRE L B LA E A A,
BInAEI IR iz F5 11 1 (fatty acid transport protein 1,
Fatpl, TSt KEEAGNTTRIE AN . RITRAZ A A%
0 1A (carnitine palmitoyltransferase 1A, Cptla,
PR EENRITR 5 AIAS &, TEUIRBEATR) . PRBR-
Mt & N Wl ¥ iz & H (carnitine-acylcarnitine
translocase, CACT, 7&K A Bl 1)+ 5% g 15 2 &
s AR R EEAEH) . SR A 2
WAL F4 M 2 (acetyl-CoA acetyltransferase 2, Acaa2,
PR TR A S0l S4B A) , R TREE G,
TEFRIRIXLCHR B B R 31 X s, B
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PRAFPERY KLF 7 xR0 5 4 T KLF15, AEW{5E 5
OB /B o o UL
immunoprecipitation, ChIP) 4;#7#87~, KLF15 B
FAE Tk s K B R 3h -, N1 R
ik e Rk, KLF1S 2 LA A 2is oA e
R

C/EBPp]
. —
C/EBPS

(chromatin

“GR) [FOXO1/3|

vy

— SREBP-Ig/_

?
H CEBPd ——— > e Hi7 A Ak
vt -
((PPARy)
—» (D36. Slc25a20. Cpt
e 7= 4
—— UCPI
Fatpl, Cptla, _
NE R A

CACT, Acaa2

Fig. 2 KLF15 and lipid metabolism
B2 KLF15505H i

KLF155C/EBP., PPARYH4 ALY 1E S 45 [l 41 ik R A 1. KLF15S
it EJUCPL, D36, Slc25a20F1Cpt, fE#EfEM =4, KLF15i8
i [JHFatpl, Cptla, CACT. Acaa2, f2HERRTTRIA (A H
BioRender. com 8] # ) . KLF15: Kriippel # [H ¥ 15 (Kriippel-like
factor 15); C/EBPB: CCAAT/HE5E F45 45 B (CCAAT/enhancer
binding protein B); C/EBPS: CCAAT/H i T45 48118 (CCAAT/
enhancer binding protein §) ; C/EBPa: CCAAT/AH & F 454 E Ha
(CCAAT/enhancer binding protein o) ; GR: #4554 Bz I i 2% 52 14
(glucocorticoid receptor) ; FOXO1/3: X 3k #E 7 3% A F 01/3
(forkhead box O1/3) ; SREBP-lc: [l B %7 JG {4 45 & & H -1c
(sterol regulatory element-binding protein-1c); PPARy: & bWl
PRI FE W) 3405 Z /Ky (peroxisome proliferator-activated receptor y) ;
D36: AL m mE L AL FL BE 36 (diacylglycerol O-acyltransferase
36); Slc25a20: kM {4 5% iz 14 SIc25a20 (solute carrier family 25
Cpt: P O A% f9 Mt 5 %% # 08 (carnitine
palmitoyltransferase) ; UCP1: f#fHELEE 41 (uncoupling protein 1) ;
Fatpl: JEWiFRH4i2 & 11 (fatty acid transport protein 1) ; Cptla:
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Abstract With changes in human lifestyle, chronic diseases caused by metabolic disorders, such as obesity, type 2
diabetes, and non-alcoholic fatty liver disease, have become serious public health issues threatening human health.
These diseases not only significantly increase the disease burden on humans but also put immense pressure on
global healthcare systems. Therefore, understanding and exploring the molecular mechanisms leading to these

diseases, especially the role of metabolic regulators, is crucial for developing effective prevention and treatment
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strategies. KLF15, one of the highly conserved members of the KLF family, has gained widespread attention due
to its expression and regulatory roles in various metabolically active organs. Recent studies have shown that
KLF15 regulates glucose, lipid, and amino acid metabolism in adipose tissue, skeletal muscle, and liver, and is
closely related to the acquisition, transport, and utilization of nutrients. The role of KLF15 in glucose metabolism
is primarily reflected in its regulation of gluconeogenesis and glucose uptake. KLF15 influences blood glucose
levels by regulating the expression of key gluconeogenic enzyme phosphoenolpyruvate carboxykinase (PEPCK).
Research has shown that KLF15 knockout (KO) mice exhibit severe hypoglycemia and reduced liver glycogen
content after 18 h of fasting. Additionally, KLF15 interacts with muscle enhancer factor 2 (MEF2A) to activate
the GLUT4 promoter, significantly enhancing glucose uptake in skeletal muscle and adipose tissue. In insulin-
resistant individuals, KLF15 expression is reduced, affecting insulin sensitivity by regulating genes related to
lipid metabolism and mitochondrial function. In terms of lipid metabolism, KLF15 expression significantly
increases during adipocyte differentiation, regulating the expression of genes such as C/EBPS, C/EBPJ, and
PPARy. KLF15 KO mice show reduced lipogenesis and increased lipolysis, highlighting its importance in fat
storage and energy balance. In brown adipose tissue (BAT), KLF15 regulates genes involved in lipid uptake and
thermogenesis, such as CD36, Slc25a20, and Cptla. KLF15 KO mice fail to maintain body temperature during
fasting-induced cold exposure, demonstrating the critical role of KLF15 in BAT metabolism and energy balance.
Specifically, KLF15 forms positive feedback loops with adipogenic transcription factors such as glucocorticoid
receptor (GR), PPARY, and C/EBP, promoting adipocyte differentiation and maturation. In BAT, KLF15 is crucial
not only for regulating lipid uptake but also for promoting non-shivering thermogenesis by regulating
thermogenic genes, thereby helping to maintain body temperature in cold environments. In protein metabolism,
KLF15 regulates key enzymes involved in branched chain amino acid (BCAA) metabolism, such as BCAT2 and
ALT, which are essential for gluconeogenesis and maintaining blood glucose levels. KLF15 KO mice show
reduced expression of these enzymes, leading to impaired amino acid catabolism. KLF15 regulates muscle protein
synthesis and degradation through the mTOR pathway and E3 ubiquitin ligases (e. g., Atrogin-1 and MuRF1),
indicating its significance in muscle protein metabolism and stress response, especially in glucocorticoid-induced
muscle atrophy. Studies have shown that KLF15 expression in muscle tissue is regulated by GR. Glucocorticoids
regulate KLF15 expression through GR, which in turn affects the mTOR signaling pathway, inhibiting protein
synthesis and promoting protein degradation. This mechanism is particularly significant in glucocorticoid-induced
muscle atrophy. KLF15 also responds significantly to exercise, particularly acute endurance exercise and long-
term aerobic training. Acute endurance exercise increases KLF15 expression in muscle and adipose tissue,
enhancing lipid synthesis and protein catabolism. In contrast, chronic exercise reduces KLF15 expression,
improving insulin sensitivity and mitigating diabetes-induced myopathy. However, further research is needed to
explore the effects of different forms of exercise on KLF15 and its specific roles in various tissues. In conclusion,
KLF15 plays a crucial role in maintaining overall metabolic balance. It regulates glucose, lipid, amino acid, and
protein metabolism, responding to nutritional status and exercise to maintain energy homeostasis. The role of
KLF15 in glucose metabolism involves regulating gluconeogenesis and glucose uptake, in lipid metabolism
through regulating fat synthesis and breakdown, and in protein metabolism through influencing branched-chain
amino acid metabolism and muscle protein synthesis and degradation. Future research should continue to delve
into the specific mechanisms of KLF15 in different metabolic pathways, especially its regulatory roles under
various exercise forms and nutritional states, to provide new perspectives and theoretical foundations for treating

metabolic diseases.
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