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(JTHURE2EBE, T 510500)

TEE NSRRI . BRI . O AP S8 Mg R 2B R R EE XS R R . 23l IS, XA
PG I BBy 55 R A B AR . R 44 A= K521 (fibroblast growth factor 21, FGF21) JE—FifHLIARE AR |
BERR A A BRI Ve A A R 7, A Qe T B MG T A B i 2 — o FGF21 iR LIRS FGF21 S5 R 1k
SIS, FRIO L B Y20 FRAG, ALK FGR21 AR A BN . 3X 7T BEJE 1 FGF21 3214 (fibroblast growth factor
receptors, FGFRs) FllB-klotho # [ (B-klotho, KLB) FEikui/D el HURMFEIRATE, MLHE S5 L FGF21 KT, i
FGF2 1 HRBTEIRT 7 A B AR SA I SO BT R o 328 SN URT ARSI 7 412V FGF21 Rik &, i W] A FGFRs 5 KLB

RYFEIRRL FGF21 IPEHT, ol FGF21 HEbT,

X4F EF), FGF21, UL, (Cirsss
FESES G804, R87

it 5 SOAE L, AR REAE S BRI BBl 0 K A R A
fr BTt e A 192 N E . TR ™
A EMEE, HiATRIE RS R, MLk
FREEEL, RORIGIN T BRI . BEWIAT . O
P S AR 1 IXUBS: . DT S B80E 00% o t
T R ar R4

AT, RAF32 8 2 15O A T 2 1
b AN —Fh 4 2R Y TFEL, B8
Xof R JHE B AR AR 50 1) T 7 5 5 42 EL A R A
M. BHETC AR, 280l LR PR K
2R YA A K R F- 21 (fibroblast growth factor 21,
FGF21) ., SREER . HERF N U 1 2k 2 i
WO It B AH ARG 7

FGF21 & —Fh i ML RE AR S SOpAR AR Y
NIRRT, FZERFAE . BRITAZIRE gL %
ik ¥ Fisher % ) 7£ 2010 4F 42 i, FGF21 #6412
FGF21 A= )27 3500 AR B FGF21 AV G i
IS, X Al BEJE tH FGF21 32K 5 A Kk ik
AR R . AR ST A ek B A 1
PEAIHE B R ER FGF21 /K W& 8 i, {5
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1 iZZheE R KA K R AR

Bl DI ARRE ), HX 2 BUBEIRIG (type
2 diabetes mellitus, T2DM) 2" L0 4 P A5 15 BT
( non-alcoholic fatty liver disease, NAFLD) '/ .(»
Mg ) AR A B Y T B 5 R R A
FURAER . WF5E3eR, 2 alEE I AR A
PIR IR T BB S B SR ALCR A K, 1 Hiz gt
[ FLz SR EROCR Y] . ARz s iz
SIBA R TIREEIRC, PHOIESE, A s
BBz 2] DL LA sz 4 2, BRRTHIE
RITKOT- 26270 i s Sl el s Jle 5% 28 Uk
RATRE L SFR B s g gy 25 T A is g
JE RE B ACEREIN, R B B AT RE 2 L AR
JEi s Z 5 B A B 1 R R s
Bl 23 N et Co s BB 35 32 Bl s e AR St O IR R XL
W BV, BEIR R R IS B T S B A T
BRI VAT o 2 Bl e NE S AR AR
WO B s hr . R R, RSB B RRLL
8~12 JE A2 PN I A 5 RN 223 L A i it 4 27
15 Bl R R R AR DA G 5 R s
R ERS AT 4y — 50, 128l 3 L
RN BRI IBORA T, a8 R 5 2R US>k
TR B AR R, S E L
fitd vh 4] %5 Mz 32 25 1 (glucose transports protein,
GLUT) 4 1335 I (e aF 1 m 4 MU REAL Ar, NI
5t B U A A A R R A a2 1R 1 . s sl LAAR
e BB LA B SR AR S A i e T P LA e Lok A 1Y)
Uike, fREEARAA 2 B nT Lk R
Jik B 20 Ry e 1T VR T AILAOEACE, X i A2 4
I T2DM Zik # 17 12~16 A Riz sh T 1
FLIHRAR B A AL 53 WA R 5 28 I D e A P v B O
—J5 T, 1230 A] BRI 4R e PO i L
IR GARE S R R 5 RR AR B AR R, 23
SEIE AT AR AR T, NIMTREAR NAFLD 75
RSN | SRE FIAH I8 T 7K1 1 el
NAFLD ', R 2 AT SRS, iRz shek
HHERE I T RE S N 7 s R DI AE G
FGF21 J&—Fpoxphi e A BA U AR i
WA ) ARG Tz sl & AR H T FGF21
T A JIE Pt B A S A 3 1 Wi Ay ol 9
Ko ALFEAS TR 7 N 1 Z2 > B 5T 1A B 2 Ik 5%
FGF21 52411z Sl RO i F 280 01

2 FGF21#fA

2.1 FGFZxRi&

AT HEAREAE K 7 (fibroblast growth factor,
FGF) 2—XRaAKmfESEA, h224
F9aFas, A FREiEEAE17~34kuZE, H
", BRI R IA 23 FOARTE B FGF. FGF %K%Y
HA N HAIAES T, MERET . PLAEK
(. B FEss) B8 . A SRR R
RO 55 AR 2 A W 2 R AR R B E O AR
FH 120 FGF G816 0 T 43 A AR A 4253 2419 FGFs
A PE FGFs., {4 22457541 FGFs (FGF5. 8.
9. 105%) @it SAiMsM LR OB RS 5,
e 54K, S 5RTHURASERE &
B, BRESEPESRE, SO SCH AR
165250 LA KRR RE V7 A8 DA 3 ) 32 B A g5 1o
R4 FGFs 4245 FGF19, FGF21 fll FGF23, 7£if
WHUARRRTTRR . BEE . BB, Wi g e ARim
S R IEREEAEH . FGF19 EZ S 5L
B A RR e 5 i,  B7 R TS AE R AR R X
AR EWRE . IR UESE T 253 FGF19
WA{E N A 2 Re B AR, R A AR UUILA &,
PETV I 5 2R OB, T v IR N R IR E
FGF23 28 i AR RREL . 4E4E % D AndsAt
B, DMEdEE A @K, PAahLAs
YK FGF23 A 0] 5 30 i/ IV X e 1R 6 A 7
O ATl = S VAN = A RNCE oy = g it e S
TS J2E s N RS R IR, 34 T 3 e o]
AR 55 MR U ZR 1 43 W SR ARGt 37 b i 5 K
FGF21 1) FE Y Re 2087 e A S MR A, R
X 5 FGF19A MMz 4k, AFGF19 i H&MRA
225y 33N T)RE . FGF21 oAk A= & & o34k 1)
e, FEAK 7K FGR2UAE I IR FHZG /G XURs: 70, i
4Pk, FGF21 512 gl AL Bk B AR S AR 1)
KRBT A
2.2 FGR214AYIF45HE R HIhRE

FGF21 J& Bl 21 4 240 Jfd A= 4 R 5 0 b i
B el — AR T LR A A IR
Nishimura % ) F* 2000 4F 15 X & 8l FGF21 K A ,
EAE/NEFIE T R IR R F 6, FEMIRR TRk
1%, A5 mik 2390 FGF21 47 3L 80% K 7] I
PE, FGR21 i T/NRI 75 94 afk b, T AZK 19
Sk FGR2IWAETE THABE S, &
fEfa e T s > . FGF21 @it 45 & FGFRs
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N /N | NE I i Iy = W2 o (B2
FGFRs /2 i 2 R A FGF S22 AR 505, A 4 FiAN[H]
FIE Y, MR FGFR1~4, % Flt 7 28 5 it A 45
PRI L34 EERANR] . FGF21 5 FGFRs 45 5 2
JEARAK, 5 B4 6 B IS 85 11 KLB P it M &2 &
A RERIEEN @ FERmIRR BRI, S84
Al (wild type, WT) /NERAHEL, FGF21 #7354 AR
FRE FITE KLB LR aeb B oA i 2k 20

FGF21 nJ #81a) FFAE . RRWTZHEL. H8ML. O
E . JERR . BN, B, EEE AR AR R A 2 R
LU KIEEN (1),

Table 1 The target tissues and metabolic functions of
FGF21
®1 FGR2UEAMEREREKFATIER
ST (HZD AR 1 H Z2E R
JH I el 71 2 A [52]
TRIAE R pAR AL [53]
R T E R AR, R AR T (53]
JUs I 9
JRWTHZY e R AT R [54]
SR R B 2R U [19]
Vi [55]
TS RN Ay TRk id [56]
AL P M, T IR R AT [57-58]
O AR DIUER, SNk fERER  [59-60]
L
i i P v B LA T [61]
TR R R A [62]
W JE Jele /D A5 0 [63-64]
7 bR ) LB D fg [65]
B FREZER L66]
FPAXPHE R GE YN AT A 2 PR N R RV R [67-68]

FGF21 1) £ 2 Yy fig & 7 e i A 2 Fp g AR
o XFAERE/N BRE AT FGF21 + i AT LU e 1A
B ag AR, I R A IR B A K
F, B FIERRILIR IR (non-esterified fatty acids,
NEFAs) 2MER#AI. FGF21 3L FA M AL/ N
JoR 5 ZR ARG 5, PRI S AR LAk, B
G LA g . JeZ, FGF21 H A
BRI eE 7 s AR AR 5 I 5 R AT 7 A v
HiH=Es (triglyceride, TG) AKFEFHEFRE, it
AT R IR B L5 F4 1  (alanine aminotransferase,
ALT) K- &34 7 . FGF21 355 i AR i

AUHLE W ZERF ST P, FGF21 n] LA ad 31 GLUT-1
[ ZR IR R G A 105 40 MU X T R 0 e 0T, W RE
WA ME I ENEREEAEZELAGD 1
(mechanistic target of rapamycin complex 1,
mTORC1) MG R & R HGTA T2DM 72 it
A, B BT IESE FGF21 B0 AR A AY 58 401
HU T BRI A FIREE R . FGF21 Al {E EREK 3= 3%
KRR, BIFST 2 0 FGF21 B A JHE AR ¢ e i 1,
E . RS ZRACPT. m HIm =R E AR AR
(A FHAE DR 106 28 55 IR o /N BRU b d 2l 55 . %
T HAEF R R RS A A1 il b i R 42 R
WAERT, FGF21 & BCAIRTT IR SAR AR 0%
R LY
2.3 FGF213if#

FGF21 HA VIR . DR A B i B A
L AEIEE AR S, IR R F R FGF21 7K
EHEIRERN, IR TR TR AR R
Fisher 5§ ' Bk “FGF214KHL" MMEE:, Mbf]
TE ST RE BE /N BRUOE 26 b FGF21 K P FH i, (B
FGF21 FEAIRAGHR TG, NEFAs Flek 34 it 42 (1 4= 9
SRR o A, AATTIA R EBRAE AR TN
M4 18 B 41 20 (white adipose tissue, WAT) X
FGF21 Wy R Wi, 30N FGF21 4 S 40 g 1 3 5
5 M W 1/2 (extracellular regulated kinase 1/2,
ERK1/2) WERRALACEIRENR, P I —
P FGF21 #LHUIRAS . WIAT ik, FGF21 il 5
FL3Z /K FGFRs Il KLB 455 iU G 1 1 1 & 4548 H
1. HEJESSA S AT FGFR1 £k B EH K, 14
[%{Ik WAT #1 FGFR1, FGFR2. FGFR3 Fl1KLB )%
ik W5 I, NERE/NE WAT i FGFR1 3Rk /K-
Bt R A U 29 TR 50%, KLB 2 F [ 44% 1 20,
FGF21 32 14 F1 % B PR - 2 35 %) B AR 2 2 JHE 35 =
FGF21 #i{#t B ZALE], AR IR Z 2R
S P KLB i 2 35 n] % i AE JBE /s BL FGF21 119 £
JEE

18 Pk A E 5 FGF21 HKPT A7 5¢, Al g /2 5%
KLB fl FGFRs R ik FEMRMH R Z —. AN R
(interleukin, IL) -1B. & ¥R 4L A F a (tumor
necrosis factor-a, TNF-a) Fl45 98 0E [z g 1 {7
KBER 2 342 (microRNA-34a, MiR-34a) 23l
KLB ik, W5 FGF21 {5514 5. IL-18 &l
/NERHEH KLB B3R5, #5558 K+ «B (nuclear
factor-kB, NF-xB) Fil c-Jun 2 J& K ¥ 85 1 385 B 1
(c-Jun N-terminal protein kinase 1, JNK1) J&H:H
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iF FGF21 {5 S5 & S 0y X85 5 o F ™', Diaz-
Delfin %5 ") BF 78 E52, TNF-a 2] 3T3-L1 5
B KLB Ik A Tik & B INK 1 B aibi2s
$2 5 WAT # KLB filFGFR1 A3k, %F TNF-o 1]
V5 INKI TG PR 58, #2278 TNF-0-JNK1 §il ] fE &
FHLAS FGF21 {55157 . #lifil MiR-34a iy I8 238 fin
N W7 20 21 FGFR1 F1 KLB A2 4%k, WA FRARAE
JER B FGR21 3BT 77 Besh, A& SR vT LA ek
2 RNE T T KLB 15 T, IRl 7% FGF21
YR FENI A B0 BEKOF, 3Xn] R OO i A Ak Y i
PR 18 58 B 0% % Ky (peroxisome proliferators
activate receptors-y, PPAR-y) 15 5 i [ M 1M i 5
FGF21 7ERR M H A M E AT G 7 BARERIE
HIRAE S FGF21 #bt A ¢, HHEME SHLHI)
T it— 5% .
24 FGR21#IH 5K G ER

JIE JHE KA DA R0 5 B % FGF21 #1590
58 N 5L SRR RS i 10 4 S URI I b e A
7E FGF21 IR BT B 4 o 5% 8 /s A B N A0 30
FGF21 K- 7HE 77, HAESh S huEse,
PEI FGF21 7KV 5 HFIERG BT & = 2 EADE, MY
JiF B o KLB., FGFR2 fll FGFR4 i) 3 ik & 1 4
X, Fisher 55 ) W EGIESE, AE /)N BRUFFAIE A
U5 0 4 %) FGF21 J 3% S v 1k i 3 %Ik, KLB 5
FGFRs A ARk Bl AR5 80, BR T
k. BRWHLHZAN, REREAILAOE A AL A 7E
FGF21#5#i, Patel 45 1 & BUAR LT CoIF Y KLB 26
AT, A R A R A T 0 UL FGF21 Y B
&M, FGF21 X LEA IR DR AE T, XA
KEHEATFGF21 T 15, Hot LA 2 B U] A%
FAEREEXT B . IZATT A48, TEESS PR AIG
L WL FGF21 i 5 B9 ERKI1/2, & 1 3% B§ B
(protein kinase B, AKT) F1JR 11 B2 1% 1t 2 1 Vi ik
(AMP-activated protein kinase, AMPK) FJ# iR b
Ko Jeon G5 00 MR B /DN BB R WL AE AR
FGF21#kPi. SAEACREXTHRAIAA L, RERELL/ N
H fa Il FGF21 /K F- #¢ &, KLB ik &K K. 7
FGF21 1 1 20 min J5 , MEREZ /N R H @l
FGFR. HUZF 4 E K 32 KK ) 200 (fibroblast
growth factor receptor substrate 2a, FRS2a) #l
ERK1/2 B R AL AT H AR HE X BEZHAH HU A I RAAIR
PR NE R /MR EE B f L FGR21 {55 % S Ui fe 2
i meAh, NEREAH A2 T2DM Al NAFLD
U AAAE FGR21 HikBt . BB TR, T2DM

BOE B UL FGF21 K W 3 5 TIE# 41, i
FGFR. ERK 2k /KK FIEwH, £
T2DM 3 5 6 WL A7 76 FGF21 #6470 ™', Zhang
S U AE Bh ) R A0 i S 5 o &% B NAFLD £ Fifi
FGF21 kbt BIEH 4l/NEAH L, NAFLD 5
I /N BRI 2% R IF E FGF21 /K F 8 3% T &
FGFR2., 3 Eik W EEAML. W NEiHR (free fat
acid, FFA) #5040 H FGF21 K- 3 T
XTHRZL, FGFR2, 33k (IR F X 4 .

FGF21 45470 1 B 214 A AR g2 95 1) RS
M 235 FGF21 BT A 28 1%k Bl i I8 B AH AR 15
PIR LS . Yang 25 2 IO BT 5| & 1Y
FGF21 #&H02s 350 B T2DM B XU . 542 B3R K+
TR X FEALAR b, O BE T 92 JA A/ R B
FGF21 k4T, R IM IMIE AR 5 FGF21 AKF T,
Jif & FGFRs Fl KLB ZKF-REAG . 0Ah, /N BURE i &
AR, RS ZATILAE IS, BRE DIREAHSCHE A
Jil 5 Z AL #E T 1 (pancreatic duodenal homeobox-
1, PDX-1). GLUT-2 1% b% ¥ i (glucokinase,
GLK) FikFEAL. BEE CBET WA, /N
U & FGF21 HRBT AN &l 2, T D RE A iy 55,
PE 1 5 v i FGF21 4K PL 55 T FGF21 815 4 g
RGHTIRE, INE T RS TIReRERS, T T2DM
f8) 22 9 KBS o Samms %5 74 38 i i s 41 2SS 1
KLB i 235 & B FGF21 UM 1 ole 38 ] DL &= IR
FEARE K- MATIFSE R, 5 WTRERE/N B
He, BB 24N KLB i 3k i RE R /)N BRI 3 AT o
Hhn AR BE ] MK, FFA KBBR8, BHgs
i ] 5 R T2DM R I 28 FGF21 K-, 0%
E A B 1) FGF21 HRHT o 3 2 2 4% 571 il [ A1 0% 4L
MLEA . SEIMEE . SRS EKE, teEh
Mtz 45, DL DHUAR FFA K, 8% T2DM (1)
FEHLEH U2 Zhang &5 B RS R, LRASHREL
MFREETILARZEE TS (epigallocatechin-3-
gallate, EGCG) 7] 2 fif NAFLD £} fifi i) FGF21 4%
P, PKE FGF21-AMPKGl BER, fEdE4% T E2
1 & K T 2 (nuclear factor-E2-related factor 2,
Nrf2) B fEH, Bl NAFLD,

“FGF21kIT” smiE7EAE L SR B T, ML
KX FGF21 J2 W PR 855 , FGF21 845 B Ag A% 35
HERFUATR S ME R 5 B %, Hodh i X FGF21
SRR Bh R ek AR B RIVE % . FGF21 15
5 3E B Az BH L A P A R AN R B 25 FGF21
PIAHEAER . SRAE BN 55— Z2 371 1 A% ) B ) A2 2L
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Hl, FIRBFR R FGR21 HEHL I A A E LA T
] B a. i 2 WF 5T AY LA ALK FGF21 7K SF 3 &
FGF21 3Z /R Fl % Bly A 3R 38 B AR 2 L FGF21 4%
Pr, REFGF21 FIHUE HUARXT FGF21 B2 b 14 9 55
FIMRHE . b. B I HLAAR X FGF21 [ b P i 51 1 4 41
U5 FGF21 JI0 i 2 R 25 P i, = AR 3
T FGR2IEHIIISE . . FGE21 XFHUARIVEFH BAr
KM, (H5Z AR R 2 e ME Il 215
T I AR A, = X FGF21 K A R500 A9
g2, d. ZBF 5T AUKE I FGF21 =2 14 % Bl K1 19
35, X FGF21 5 32 i B4l By R[] 9 AH B4
FEARIIRATRT

3 iEZh5FGR1IX %

WRTATE, 32 ] DLE P8 AL IR 1 ik
T A0 M e B AR AR R . FGF21 7 R —Fhif
TR AR, FEYREES 5T EE
RS APEIR . BFt, Btz sh 5 FGFR21 11
TEAE G RN TR 18 Bl el MO PP A DA G 5 0
HAEEEZ L.
3.1 EFHXHUKFGF217K 20

WFoE N Ry, Sk s sh & LK
FGF21 K-8 im0, 2kt J132 sha /N Ry
B R ULA AT IE FGF21 /K44 B & 14 hn B #F5e
P, UMk 712 3 BT 5 i A RTE 31 FGF21 7K
LR R AT Be S8 R ARG R . AT
rh S5 5E B 9z 8l (55% VO,max) , ok JF iz 3l
(75% VO,max) 55 FGF21 F} i (14 g J 57k 1™
4L, Campderros % %' Xf & 1412 3l 5 FGF21 /K-
FRVIR S N TR T SRR ARG . AT R B, S
A B I LT FGF21 /K- A 34 3 2576 48 h R B
FIELAN K. T At RHAE 3% FGF21 5200 1Y
WFFER N EE L . I8 Morville 25 ™ BYBF5RRIE, 2
PEYLBH IS ShRHERR FGF21 7K I B 250

H 1l ¢ T W42 2l X516 2R FGF21 7K - 1) 5% 1)
2 5% A B BT GE B9 45 R 9F AN — 3, Cuevas-
Ramos %5 ™ 7E ABEWF SR A8, 2 A HiZzah &
B A AR N B L M I 1S FGF21 7K 3, Keihanian
85 U R AIF oY e B 8 FE T ) AL BHLIE B ¥ S i
T2DM % % H & 1 3 FGF21 K F Jh & . H
Taniguchi 5§ > A9 I, 5 JEt Jyizs 35 2485
PEIMTE FGF21 ZKF- 5 2 B Ik, Shabkhiz % ' 218
12 JE$L Rz B 23 2 4F B A A FGF21 KFi 20,
Yang % 4 WF5¥ th 22 W 12 JE it J1 5B REARZE A 1

iz BB 25 AR AR A AR 25 B AF L PEAE 28 FGF21
K. SIS H, Geng % ) KP4 JHizsh T
JEENE L (high-fat diet, HFD) /NRAEFF FGF21
IV B 2 FRAK, Gao %5 ™ K BN 8 Al Az shnl i
AN HED K BUMYE FGF21 K-, S8 20 B 5%
W] % B, HFD /NEUTE 12 J833 3+ W5 16 3 b i)
FGF21 7KV Jo i 38 >, 3 il Ll o8 45
— AR AR . ST R A A RE R 3l )
BARGEAE2ME, FrkiEsirX. s+
BRI A —FE, iz s 5 R FGF21 7K (1) B[] 1
FEEZES . AR RSB, fEHNE B RN —FE R 5%
M2zEiRHh, Porflitt-Rodriguez %5 ' 43 # T 2009 4=
%2021 44z g% 8 KB BE A FGF21 520 1) 43
FARERBIYEST, 5RRY], avzslml e &mE
RFGF21 K, i A2 2l ) 25 B AR 5l A 52 i 416
I FGF21 /K F-,

FERE . B AL, O WIUFNE I 4 402 FGF21
B FRIRAL L ST RS g% I FGF21
FIRFEM PR EE R MR E IR . Geng 55 1 5K
PR 4 FATt 732 8 J5 HFD /) BUHIE FGF21 mRNA 7K
T RN, Xiong 55 1 IHRAE 8 JE A5 EE T
iz 8 . B T HFD /) R IE Y FGF21 1 ik,
1M Gao 55 ) & 9 8 J&l A %.iz 5 XF HFD K 5 JIE
FGF21 F35T0 50 . IS i A K iiz 5h
Al EE L. O NEFIAR DT ZHZ FGF21 ik, 4 )%
KB BT 7742 3l 2 4 5 E 8 R /N BRUE AR L
FGF21 ik "V, 8 J&] i 455 B fiif fj 42 2y vl d 234
T HFD ¢ U/ BUB 8% WL FGF21 KSE 1'% %' Bo
A Do I Ma A5 S R, 5~6 JRlizs s AT LA
Ha T URE BE /N R0 IE FGF21 #2358 . Xiong 45 1
oW, 8 JRI AR N iz 5h i 3 I8 T HFD
/N EREE @ B B (brown adipose tissue, BAT)
FGF21 B3Rik. AURBA MR WA, HFD /MR
16 12 J8 iz 8 T Wi J5 WAT ™ FGF21 i 26 i85 4 Fir
P
3.2 iE3h E A FGFRs & KLBH & i% B # FGF21
i

REWTZH 2 . JEIE . B 8% WLALC LA & FGF21
YEFI EZLRAH L, W R E ARG I L 2 e S
T2 3 BEHE S FGF21 k3T . iz 3] gl o 1 1A
FGFRs } KLB 1Y £ ik K 2l 3% FGF21 #i%#T . Geng
&R, 4Rz s T EU B IE R/ UG B R
E H 9 FGF21 /K F 8 3 B AKX, WAT F1 BAT
FGFR1 I KLB & iA/K-FA B bJb. ATk i@ o ok
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U5 PE — W FGF21 Bl SIE 58 1 42 8l nl i 35 38
FGF21 1% 1k N Ui % A9 6e 1, IR A 0% FGF21 9
FEREIRACS I TIRE, R SR sh A RE LN B
L, iz shA AR /INERIR DT 414 Erk 1/2 BE R fh K-
AR AE K /e 2 1 1 (early growth response
protein 1, Egrl) AYFIRIGM, SWEIMME . RS =
TG. FFAs/K V- EREAR . ik —L Wt osiz shdcs
JEREIRAS T FGF21 ST A O s /R, B
FE NGRS T 3 d s sh T, 3 dizsh T
e, SAEiEsha iR NRAI L, 2 s RERE/ N R
A 5 RN 7 % & JC W % AE 4L, WAT #1 BAT
FGFR1 f1KLB [y 3Ri5 2% Fl. 457/ FGF21
HaF, ME TRz NS, Zahd RN R
MW, 5% . TG. FFAs/KF B EFEA%, X IESD
TB B AR /N B FGE21 08P 1 ol 28 0 7 T4
FAR . AL & B ST MGE R IR IR A S
) FGF21-JREX Rz Hi . AT EW, 5
HFD 41 /)N B AH e, HFD iz 3h 28 /) BUIE 36 p i
FGF21 /K V-6 B 314 in, {3 WAT H KLB F1 FGFRs
(R A PR, TEERRIIE G L SR EE 2K - %
BT, USRS Z Y- AR, W A2 40
AR RIHER] Tk, XEOREIATRe R
HmAg i 4122 FGF21 fUsdE, 255 FGF21 g
R M RE Ty, HEITCGE IR IR 175 A Rl
il fEHf—PRpget, FRA TS M — R
FGF21 IR SE T iz 8l v] 2 35 32 & FGF21 1% T I8
RZE T WIIRE ST o BEAh, FRATFELIT 58 h A iz )
BB AR IR I U AE RN, 3X AT R &2 sl e IR i
HAVFGF21 KBTI LR A 20

T3z B0 AT ALC I FGF21 HEA7T 52 i 14 BIF
TANMANZ W, O EISIEH X R4 A, NAFLD
BE VR FGF21 K1 Tk, (HFIE - KLB Y1k
A kD 08 JE AR A S ol D R
o FGF21 K F, 1400 HFD /N R AIE KLB £ 35,
(i) Bsf i S AR A B o, AR IR R 1D 28 5 4
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Fig.1 Exercise regulates the expression of FGF21, FGFRs and KLB to improve metabolic diseases related to obesity
E1 iZzhEEFGF21. FGFRsKRKLBZR % B 2 AR BEAE 5 R 5 B



2598+ EMUEEEYIEER

Prog. Biochem. Biophys.

2023; 50 (1D

RECHREX T35 FGR21IEHEXRT
W R, (A 1E 2 T AR 25 . &
Je, WFEAE N FGF21 40y E 84, KiiEsh
XTIFIE FGF21 B M2 M i R 2 ie . BasilE
A G128 Bl il RN, A DB, B FGF21 4
) EZRH L, s e b E % L FGF21
AR KA B PR 1 2R 3k 1E 1 203 FGR21 HRBT i A
WIeh, BWitizgh . Bl FGF21 iht =3 1 ¢
FRET —Br B p st 8. ILAh, EiZ s xf
FGF21 #KBE AT, S50 R 2 AR 2 35 i
() FGF21 FEALIAR B R00; ,  fife = 32 B 0 A= 35
FGF21 fEF R RZ M o B T UL FGF21 X AL Y &
HEAERIAL, R R E 3 FGF21 K BRI (52
M, {HA3 GRS, BR T FGF21RIT, ARIE AR
KA B IRAFE R IR R . HREZMM
RIS . XM ERZRERR L, IBAiZD)
BB XSG Z AR AR CHE, R fEEd
R FALH, AEAFHE— 2L IRA ST

z % x

[1]  Cao H. Adipocytokines in obesity and metabolic disease. J
Endocrinol, 2014,220(2): T47-T59

[2]  Saltiel A R, Olefsky J M. Inflammatory mechanisms linking
obesity and metabolic disease. J Clin Invest,2017,127(1): 1-4

[3]  Bluher M. Obesity: global epidemiology and pathogenesis. Nat
Rev Endocrinol, 2019, 15(5): 288-298

[4] Pedersen B K, Saltin B. Exercise as medicine-evidence for
prescribing exercise as therapy in 26 different chronic diseases.
Scand JMed Sci Sports, 2015,25(S3):1-72

[5]  Gabriel BM, Zierath J R. The limits of exercise physiology: from
performance to health. Cell Metab, 2017,25(5): 1000-1011

[6] Sousa R a L, Improta-Caria A C, Souza B S F. Exercise-linked
irisin: consequences on mental and cardiovascular health in type 2
diabetes. IntJ Mol Sci, 2021, 22(4): 2199

[71  Pengl, Yin L, Wang X. Central and peripheral leptin resistance in
obesity and improvements of exercise. Horm Behav, 2021,
133: 105006

[8]  LewisJE, Ebling FJ P, Samms R J, et al. Going back to the biology
of FGF21: new insights. Trends Endocrinol Metab, 2019, 30(8):
491-504

9] Fisher F M, Chui P C, Antonellis P J, et al. Obesity is a fibroblast
growth factor 21 (FGF21)-resistant state. Diabetes, 2010, 59(11):
2781-2789

[10] LiG, Feng D, Qu X, ef al. Role of adipokines FGF21, leptin and
adiponectin
Neuropsychopharmacol, 2018, 28(8): 892-902

[11] Kravchychyn A C P, Campos R, Ferreira Y a M, et al. Higher

increase degree of FGF21 post long-term interdisciplinary weight

in self-concept of youths with obesity. Eur

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

[27]

loss therapy preserves the free fat mass and rest metabolic rate in
adolescents with obesity. Arch Endocrinol Metab, 2020, 64(4):
479-482

Gomez-AmbrosiJ, Gallego-Escuredo J M, Catalan V, et al. FGF19
and FGF21 serum concentrations in human obesity and type 2
diabetes behave differently after diet- or surgically-induced weight
loss. ClinNutr,2017,36(3): 861-868

Rusli F, Deelen J, Andriyani E, et al. Fibroblast growth factor 21
reflects liver fat accumulation and dysregulation of signalling
pathways in the liver of C57BL/6J mice. SciRep, 2016, 6: 30484
Patel V, Adya R, Chen J, ef al. Novel insights into the cardio-
protective effects of FGF21 in lean and obese rat hearts. PLoS One,
2014,9(2):e87102

Donnelly J E, Blair S N, Jakicic J M, et al. American college of
sports medicine position stand. Appropriate physical activity
intervention strategies for weight loss and prevention of weight
regain for adults. Med Sci Sports Exerc, 2009, 41(2): 459-471

Bo W, MaY, XiY, et al. The roles of FGF21 and ALCATI in
aerobic exercise-induced cardioprotection of postmyocardial
infarction mice. Oxid Med Cell Longev, 2021, 2021: 8996482
Ma'Y, Kuang Y, Bo W, ef al. Exercise training alleviates cardiac
fibrosis through increasing fibroblast growth factor 21 and
regulating TGF-betal-Smad2/3-MMP2/9 signaling in mice with
myocardial infarction. IntJ Mol Sci, 2021,22(22): 12341

Xiong Y, Chen Y, Liu Y, et al. Moderate-intensity continuous
training improves FGF21 and KLB expression in obese mice.
Biochemistry (Mosc), 2020, 85(8): 938-946

Geng L, Liao B, Jin L, et al. Exercise alleviates obesity-induced
metabolic dysfunction via enhancing FGF21 sensitivity in adipose
tissues. Cell Rep,2019,26(10):2738-2752.e2734

Yang W, Liu L, Wei Y, et al. Exercise ameliorates the FGF21-
adiponectin axis impairment in diet-induced obese mice. Endocr
Connect, 2019, 8(5): 596-604

Magkos F, Hjorth M F, Astrup A. Diet and exercise in the
prevention and treatment of type 2 diabetes mellitus. Nat Rev
Endocrinol, 2020, 16(10): 545-555

Hashida R, Kawaguchi T, Bekki M, et al. Aerobic vs. resistance
exercise in non-alcoholic fatty liver disease: a systematic review. J
Hepatol,2017,66(1): 142-152

Pinckard K, Baskin K K, Stanford K 1. Effects of exercise to
improve cardiovascular health. Front Cardiovasc Med, 2019, 6: 69
Fretts A M, Howard B V, Mcknight B, et al. Modest levels of
physical activity are associated with a lower incidence of diabetes
in a population with a high rate of obesity: the strong heart family
study. Diabetes Care, 2012, 35(8): 1743-1745

Laaksonen D E, Lindstrom J, Lakka T A, et al. Physical activity in
the prevention of type 2 diabetes: the Finnish diabetes prevention
study. Diabetes, 2005, 54(1): 158-165

Thyfault J P, Rector R S. Exercise combats hepatic steatosis:
potential mechanisms and clinical implications. Diabetes, 2020,
69(4):517-524

Jakovljevic D G, Hallsworth K, Zalewski P, et al. Resistance



2023; 50 (1D

W=, % SHAEFGRAENERMEXREIERFHHER

2599

(28]

[29]

[30]

(311

(321

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

exercise improves autonomic regulation at rest and
haemodynamic response to exercise in non-alcoholic fatty liver
disease. Clin Sci (Lond),2013,125(3): 143-149

Liu Y, Ye W, Chen Q, er al. Resistance exercise intensity is
correlated with attenuation of HbAIc and insulin in patients with
type 2 diabetes: a systematic review and meta-analysis. Int J
Environ Res Public Health, 2019, 16(1): 140

Kessler HS, Sisson S B, Short K R. The potential for high-intensity
interval training to reduce cardiometabolic disease risk. Sports
Med, 2012, 42(6): 489-509

De Feo P. Is high-intensity exercise better than moderate-intensity
exercise for weight loss?. Nutr Metab Cardiovasc Dis, 2013,
23(11):1037-1042

Quindry J C, Franklin B A, Chapman M, et al. Benefits and risks of
high-intensity interval training in patients with coronary artery
disease. AmJ Cardiol, 2019, 123(8): 1370-1377

Cartee G D. Mechanisms for greater insulin-stimulated glucose
uptake in normal and insulin-resistant skeletal muscle after acute
exercise. Am J Physiol Endocrinol Metab, 2015, 309(12): E949-
E959

Taccarino G, Franco D, Sorriento D, ef al. Modulation of insulin
sensitivity by exercise training: implications for cardiovascular
prevention. J Cardiovasc Transl Res, 2021, 14(2): 256-270

Ryan B J, Schleh M W, Ahn C, et al. Moderate-intensity exercise
and high-intensity interval training affect insulin sensitivity
similarly in obese adults. J Clin Endocrinol Metab, 2020, 105(8):
€2941-¢2959

Gordon J W, Dolinsky V W, Mughal W, et al. Targeting skeletal
muscle mitochondria to prevent type 2 diabetes in youth. Biochem
Cell Biol,2015,93(5): 452-465

Curran M, Drayson M T, Andrews R C, et al. The benefits of
physical exercise for the health of the pancreatic beta-cell: a review
ofthe evidence. Exp Physiol, 2020, 105(4): 579-589

Solomon T P, Malin S K, Karstoft K, e al. Pancreatic beta-cell
function is a stronger predictor of changes in glycemic control after
an aerobic exercise intervention than insulin sensitivity. J Clin
Endocrinol Metab,2013,98(10): 4176-4186

Yang D, Yang Y, LiY, et al. Physical exercise as therapy for type 2
diabetes mellitus: from mechanism to orientation. Ann Nutr
Metab, 2019, 74(4):313-321

Farzanegi P, Dana A, Ebrahimpoor Z, et al. Mechanisms of
beneficial effects of exercise training on non-alcoholic fatty liver
disease (NAFLD): roles of oxidative stress and inflammation. Eur
J Sport Sci, 2019,19(7): 994-1003

Itoh N, Ohta H, Nakayama Y, ef al. Roles of FGF signals in heart
development, health, and disease. Front Cell Dev Biol, 2016,
4:110

Giacomini A, Grillo E, Rezzola S, ef al. The FGF/FGFR system in
the physiopathology of the prostate gland. Physiol Rev, 2021,
101(2): 569-610

Fisher F M, Maratos-Flier E. Understanding the physiology of
FGF21.AnnuRev Physiol, 2016, 78:223-241

[43]
[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

Li X. The FGF metabolic axis. Front Med, 2019, 13(5): 511-530
Akita S, Akino K, Imaizumi T, et al. Basic fibroblast growth factor
accelerates and improves second-degree burn wound healing.
‘Wound Repair Regen, 2008, 16(5): 635-641

Katoh M. Therapeutics Targeting FGF signaling network in
human diseases. Trends Pharmacol Sci, 2016,37(12): 1081-1096
Maddaluno L, Urwyler C, Werner S. Fibroblast growth factors:
key players in regeneration and tissue repair. Development, 2017,
144(22): 4047-4060

Wu X, Ge H, Lemon B, ef al. Separating mitogenic and metabolic
activities of fibroblast growth factor 19 (FGF19). Proc Natl Acad
SciUSA,2010,107(32): 14158-14163

Tucker B, Li H, Long X, et al. Fibroblast growth factor 21 in non-
alcoholic fatty liver disease. Metabolism, 2019, 101: 153994

Geng L, Lam K S L, Xu A. The therapeutic potential of FGF21 in
metabolic diseases: from bench to clinic. Nat Rev Endocrinol,
2020,16(11): 654-667

Nishimura T, Nakatake Y, Konishi M, et al. Identification of a
novel FGF, FGF-21, preferentially expressed in the liver. Biochim
Biophys Acta, 2000, 1492(1):203-206

Adams A C, Cheng C C, Coskun T, et al. FGF21 requires Bklotho to
actinvivo. PLoS One,2012,7(11):e49977

Berglund E D, Li CY, Bina H A, et al. Fibroblast growth factor 21
controls glycemia via regulation of hepatic glucose flux and
insulin sensitivity. Endocrinology, 2009, 150(9): 4084-4093

Fisher F M, Chui P C, Nasser [ A, et al. Fibroblast growth factor 21
limits lipotoxicity by promoting hepatic fatty acid activation in
mice on methionine and choline-deficient diets. Gastroenterology,
2014,147(5): 1073-1083.¢1076

Kharitonenkov A, Shiyanova T L, Koester A, et al. FGF-21 as a
novel metabolic regulator. J Clin Invest, 2005, 115(6): 1627-1635
Inagaki T, Dutchak P, Zhao G, et al. Endocrine regulation of the
fasting response by PPARalpha-mediated induction of fibroblast
growth factor 21. Cell Metab, 2007, 5(6): 415-425

Fisher F M, Kleiner S, Douris N, et al. FGF21 regulates PGC-
lalpha and browning of white adipose tissues in adaptive
thermogenesis. Genes Dev,2012,26(3): 271-281

Lee M S, Choi S E, Ha E S, et al. Fibroblast growth factor-21
protects human skeletal muscle myotubes from palmitate-induced
insulin resistance by inhibiting stress kinase and NF-kappaB.
Metabolism, 2012, 61(8): 1142-1151

Mashili F L, Austin R L, Deshmukh A S, et al. Direct effects of
FGF21 on glucose uptake in human skeletal muscle: implications
for type 2 diabetes and obesity. Diabetes Metab Res Rev, 2011,
27(3):286-297

Planavila A, Redondo I, Hondares E, et al. Fibroblast growth factor
21 protects against cardiac hypertrophy in mice. Nat Commun,
2013,4:2019

Liu S Q, Roberts D, Kharitonenkov A, ef al. Endocrine protection
of ischemic myocardium by FGF21 from the liver and adipose
tissue. SciRep,2013,3:2767

Wente W, Efanov A M, Brenner M, et al. Fibroblast growth factor-



2600

EMUFESEYIRHR

Prog. Biochem. Biophys.

2023; 50 (1D

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

21 improves pancreatic beta-cell function and survival by
activation of extracellular signal-regulated kinase 1/2 and Akt
signaling pathways. Diabetes, 2006, 55(9): 2470-2478

Johnson C L, Mehmood R, Laing S W, ez al. Silencing of the
Fibroblast growth factor 21 gene is an underlying cause of acinar
cell injury in mice lacking MIST1. Am J Physiol Endocrinol
Metab,2014,306(8): E916-E928

Kim H W, Lee J E, Cha J J, et al. Fibroblast growth factor 21
improves insulin resistance and ameliorates renal injury in db/db
mice. Endocrinology, 2013, 154(9): 3366-3376

Chen Q, Ma J, Yang X, et al. SIRT1 mediates effects of FGF21 to
ameliorate  Cisplatin-induced
Pharmacol, 2020, 11: 241
Gavalda-Navarro A, Hondares E, Giralt M, et al. Fibroblast growth

acute kidney injury. Front

factor 21 in breast milk controls neonatal intestine function. Sci
Rep,2015,5:13717

Wei W, Dutchak P A, Wang X, ef al. Fibroblast growth factor 21
promotes bone loss by potentiating the effects of peroxisome
proliferator-activated receptor gamma. Proc Natl Acad Sci USA,
2012,109(8):3143-3148

Owen B M, Ding X, Morgan D A, ef al. FGF21 acts centrally to
induce sympathetic nerve activity, energy expenditure, and weight
loss. Cell Metab, 2014, 20(4): 670-677

Douris N, Stevanovic D M, Fisher F M, et al. Central fibroblast
growth factor 21 browns white fat via sympathetic action in male
mice. Endocrinology, 2015, 156(7): 2470-2481

Coskun T, Bina HA, Schneider M A, et al. Fibroblast growth factor
21 corrects obesity in mice. Endocrinology, 2008, 149(12): 6018-
6027

Li H, Wu G, Fang Q, et al. Fibroblast growth factor 21 increases
insulin sensitivity through specific expansion of subcutaneous fat.
Nat Commun, 2018,9(1):272

Zheng Q, Martin R C, Shi X, et al. Lack of FGF21 promotes
NASH-HCC transition via hepatocyte-TLR4-IL-17A signaling.
Theranostics, 2020, 10(22): 9923-9936

Gong Q,HuZ, ZhangF, et al. Fibroblast growth factor 21 improves
hepatic insulin sensitivity by inhibiting mammalian target of
rapamycin complex | inmice. Hepatology, 2016, 64(2): 425-438
Lin Z, Tian H, Lam K S, et a/. Adiponectin mediates the metabolic
effects of FGF21 on glucose homeostasis and insulin sensitivity in
mice. Cell Metab, 2013, 17(5): 779-789

Samms R J, Cheng C C, Kharitonenkov A, et al. Overexpression of
beta-klotho in adipose tissue sensitizes male mice to endogenous
FGF21 and provides protection from diet-induced obesity.
Endocrinology, 2016, 157(4): 1467-1480

Zhao Y, Meng C, Wang Y, et al. IL-1beta inhibits beta-klotho
expression and FGF19 signaling in hepatocytes. Am J Physiol
Endocrinol Metab, 2016,310(4): E289-E300

Diaz-Delfin J, Hondares E, Iglesias R, ef al. TNF-alpha represses
beta-klotho expression and impairs FGF21 action in adipose cells:
involvement of JNKI in the FGF21 pathway. Endocrinology,
2012,153(9):4238-4245

[77]

(78]

[79]

[80]

(81]

(82]

[83]

[84]

[85]

[86]

(87]

(88]

[89]

[90]

[o1]

[92]

Kartinah N T, Komara N, Noviati N D, et al. Potential of Hibiscus
sabdariffa Linn in managing FGF21 resistance in diet-induced-
obesity rats via miR-34a regulation. Vet Med Sci, 2022, 8(1):
309-317

Yan H, Xia M, Chang X, et al. Circulating fibroblast growth factor
21 levels are closely associated with hepatic fat content: a cross-
sectional study. PLoS One, 2011, 6(9): €24895

Guo C, Zhao L, LiY, et al. Relationship between FGF21 and drug
or nondrug therapy of type 2 diabetes mellitus. J Cell Physiol,
2021,236(1):55-67

Jeon JY, Choi S E, Ha E S, et al. Association between insulin
resistance and impairment of FGF21 signal transduction in skeletal
muscles. Endocrine, 2016, 53(1): 97-106

Zhang Y, Yin R, Lang J, et al. Epigallocatechin-3-gallate
ameliorates hepatic damages by relieve FGF21 resistance and
promotion of FGF21-AMPK pathway in mice fed a high fat diet.
Diabetol Metab Syndr, 2022, 14(1): 53

Yang B C, Wu S Y, Leung P S. Alcohol ingestion induces
pancreatic islet dysfunction and apoptosis via mediation of FGF21
resistance. Ann Transl Med, 2020, 8(6): 310

LiK,LiL, Yang M, et al. Effects of rosiglitazone on fasting plasma
fibroblast growth factor-21 levels in patients with type 2 diabetes
mellitus. EurJ Endocrinol, 2009, 161(3): 391-395

Morville T, Sahl R E, Trammell S A, et al. Divergent effects of
resistance and endurance exercise on plasma bile acids, FGF19,
and FGF21 in humans. JCI Insight, 2018, 3(15): 122737

Domin R, Dadej D, Pytka M, er al. Effect of various exercise
regimens on selected exercise-induced cytokines in healthy
people. IntJ Environ Res Public Health, 2021, 18(3): 1261
Tanimura Y, Aoi W, Takanami Y, ef al. Acute exercise increases
fibroblast growth factor 21 in metabolic organs and circulation.
Physiol Rep, 2016,4(12): 12828

Kim K H, Kim S H, Min Y K, et al. Acute exercise induces FGF21
expression in mice and in healthy humans. PLoS One, 2013, 8(5):
e63517

Willis S A, Sargeant J A, Thackray A E, et al. Effect of exercise
intensity on circulating hepatokine concentrations in healthy men.
Appl Physiol Nutr Metab, 2019, 44(10): 1065-1072

Campderros L, Sanchez-Infantes D, Villarroya J, et al. Altered
GDF15 and FGF21 levels in response to strenuous exercise: a
study in marathon runners. Front Physiol, 2020, 11: 550102
Cuevas-Ramos D, Almeda-Valdes P, Meza-Arana C E, et al.
Exercise increases serum fibroblast growth factor 21 (FGF21)
levels. PLoS One, 2012, 7(5): 38022

Keihanian A, Arazi H, Kargarfard M. Effects of aerobic versus
resistance training on serum fetuin-A, fetuin-B, and fibroblast
growth factor-21 levels in male diabetic patients. Physiol Int, 2019,
106(1): 70-80

Taniguchi H, Tanisawa K, Sun X, er al. Endurance exercise
reduces hepatic fat content and serum fibroblast growth factor 21
levels in elderly men. J Clin Endocrinol Metab, 2016, 101(1):
191-198



2023; 50 (1D

W=, % SHAEFGRAENERMEXREIERFHHER

+2601-

[93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

Shabkhiz F, Khalafi M, Rosenkranz S, et al. Resistance training
attenuates circulating FGF-21 and myostatin and improves insulin
resistance in elderly men with and without type 2 diabetes mellitus:
arandomised controlled clinical trial. Eur J Sport Sci, 2021, 21(4):
636-645

Yang S J, Hong H C, Choi H Y, ez al. Effects of a three-month
combined exercise programme on fibroblast growth factor 21 and
fetuin-A levels and arterial stiffness in obese women. Clin
Endocrinol (Oxf), 2011, 75(4): 464-469

GaoY, Zhang W, Zeng L Q, et al. Exercise and dietary intervention
ameliorate high-fat diet-induced NAFLD and liver aging by
inducing lipophagy. Redox Biol, 2020,36: 101635
Porflitt-Rodriguez M, Guzman-Arriagada V, Sandoval-
Valderrama R, et al. Effects of aerobic exercise on fibroblast
growth factor 21 in overweight and obesity. A systematic review.
Metabolism,2022,129: 155137

Nishimura T, Nakatake Y, Konishi M, et al. Identification of a
novel FGF, FGF-21, preferentially expressed in the liver. Biochim
Biophys Acta, 2000, 1492(1):203-206

Izumiya Y, Bina H A, Ouchi N, ef al. FGF21 is an Akt-regulated
myokine. FEBS Lett,2008,582(27): 3805-3810

Planavila A, Redondo-Angulo 1, Villarroya F. FGF21 and cardiac
physiopathology. Front Endocrinol (Lausanne), 2015, 6: 133
Muise E S, Azzolina B, Kuo D W, et al. Adipose fibroblast growth

[101]

[102]

[103]

[104]

[105]

[106]

factor 21 is up-regulated by peroxisome proliferator-activated
receptor gamma and altered metabolic states. Mol Pharmacol,
2008,74(2):403-412

Tanimura R, Kobayashi L, Shirai T, et al. Effects of exercise
intensity on white adipose tissue browning and its regulatory
signals inmice. Physiol Rep, 2022, 10(5): 15205

Dongiovanni P, Crudele A, Panera N, et al. Beta-klotho gene
variation is associated with liver damage in children with NAFLD.
JHepatol, 2020,72(3): 411-419

Jin L, Geng L, Ying L, et al. FGF21-Sirtuin 3 axis confers the
protective effects of exercise against diabetic cardiomyopathy by
governing mitochondrial integrity. Circulation, 2022, 146(20):
1537-1557

Kruse R, Vienberg S G, Vind B F, et al. Effects of insulin and
exercise training on FGF21, its receptors and target genes in
obesity and type 2 diabetes. Diabetologia, 2017, 60(10): 2042-
2051

Ost M, Coleman V, Kasch J, et al. Regulation of myokine
expression: role of exercise and cellular stress. Free Radic Biol
Med, 2016, 98: 78-89

Loyd C, Magrisso 1J, Haas M, et al. Fibroblast growth factor 21 is
required for beneficial effects of exercise during chronic high-fat

feeding. ] Appl Physiol (1985),2016, 121(3): 687-698



2602+ EMUESEYYIEHRE  Prog. Biochem. Biophys. 2023; 50 (11)

The Role of Exercise-regulated FGF21 in Improving Obesity—-related
Metabolic Diseases”

YANG Jia-Pei, YANG Gui-Rong, QIN Lian, WANG Xin-Zhuang, ZHU Guang-Ming,
LI Liang-Ming~, YANG Wen-Qi™

(Guangzhou Sport University, Guangzhou 510500, China)

|
v \
@ w}tﬂj

The expression of FGF21 1‘ FGF21 resistance »L
I J

Graphical abstract

Biological effects of FGF21 T

Glucose uptake 4
Insulin sensitivity 4
Lipolysis 4
Oxidative stress ¥
Inflammation ¥

’

Improving obesity and related metabolic diseases

Abstract Obesity is an important risk factor for the development and progression of chronic metabolic diseases
such as diabetes, fatty liver and cardiovascular diseases. Endocrine factor fibroblast growth factor 21 (FGF21),
which has multiple beneficial effects on energy homeostasis and glucose and lipid metabolism, serves as a
promising therapeutic target for obesity and related metabolic diseases. FGF21 relies on high-affinity interaction
with B-klotho (KLB) for recruitment and localization to the cell surface, where it engages FGF receptors (FGFRs).
Obesity has been demonstrated as a FGF21 resistant state, in which circulating FGF21 levels are elevated while its
downstream signaling and action are impaired. This may be caused by the decreased expression of KLB and
FGFRs. Improving FGF21 resistance emerges as a new therapeutic strategy for obesity and its associated diseases.

Exercise has long been considered as a cornerstone for the prevention and treatment of obesity and its related
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metabolic diseases. Evidence is mounting that FGF21 plays an important role in exercise-mediated health
promotion. Exercise not only increases the expression of FGF21 in adipose tissue, skeletal muscle and heart, but
also stimulates the expression of FGFRs and KLB to sensitize the effect of FGF21 and improve FGF21 resistance
in target tissues such as adipose tissue. Knockout experiments confirmed FGF21 as a key mediator of exercise-
induced improvements in obesity and related metabolic diseases. There are many issues that need further study.
Circulating FGF21 is mainly derived from the liver. However, uncertainty about the long-term effects of exercise
on liver FGF21 expression still remains. In most research, a single pharmacological dose of FGF21 was used to
determine FGF21 sensitivity. Whether exercise improves the physiological effects and the long-term effects of
FGF21 also needs further investigation. Clariying these issues has important implications for our understanding of
how exercise ameliorates obesity and its related metabolic diseases through FGF21 signaling.
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