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Abstract

FGF19 (FGF15 in rodents), a member of the endocrine FGF family, is an intestinal hormone involved
in the regulation of bile acid, glucose and lipid metabolism to maintain systemic homeostasis.
FGF19/15 has the potential to treat a variety of chronic diseases, including obesity, diabetes and ma-
lignant cancers. This paper reviews the biological activities of FGF19/15, and preliminarily eva-
luates the clinical application.

SERER

EFIH: B, T R E KA T 19/15 [RGKTETT S EYETED]. 2R, 2022, 11(3): 161-167.
DOI: 10.12677/pi.2022.113020


http://www.hanspub.org/journal/pi
https://doi.org/10.12677/pi.2022.113020
https://doi.org/10.12677/pi.2022.113020
http://www.hanspub.org

SRR

Keywords
FGF19/15, Bile Acid Homeostasis, Metabolism of Glucose and Lipid

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]

1999 4, eF4Eguind: KK 1 19 (Fibroblast growth factor, FGF19)7E A b & Vil & B, Heg i I A
PEFYetfh 11q13, 216 MRIERRA R, 750 7 AR S b 4000 b s ek 1],  (EAE 15 IF I ARG iR
F[2]. RENRIIER. S+ 38T g RIE FGFL1S, /& FGF19 fI/NRIFIVEY), H 218 NEIEER
HE, 5N FGF19 BA S1%MARBIE . 5 HAh BAG 55 70 of B 70 W D Re i) FGF ANfE), FGF19/15 X2
LRI E A RBEHSPG) SRR MK, XA E AN IIEGH M & BUE 70 W3k N AN LT, FE BAE N o
WHES S505H3]. B TERTT A BRERSH IZ OMER S, FGF19 XA M7 (W JE L FRE JR 5 ) 7R
BEAHBITIEII4].

A4 FGF19/15 RIE RIS 5 KAV, X FVE7E I PR B FH AT 5247 0 4

2. FGF19/15 RIZAMIBFEARRESES

FGF19 E:H 1 )E 37 X &6 R thik e i X 2R R M IGH(FXRE), MARVTERIEH T B i X 244k
(FXR)JG, FXR 5 FXRE %44, 5% FGF19/15 {E[Rl7 E g2k . s st 7aR M, FGF19/15 &
IRIE 52 B A S LR AT, e 1) EEER T R4S G 1 2 (SREBP2)#E T #IH] FXR 5 FGF19
BT FXRE 454, Rt FGE19 % [5]: 2) B2k 4:4t & D %4k (VDR) [6]. 2
PHEE X ZARERXR)MA AL X ZR(PXR) [7)558 1 S/NRIFIEH FGF1S &ik; 3) #HikILpIGiEE D
B I F B 2 2 -AS- B S IR B PR BF(MAM) MR 25 B2 IR 2 F1(LDL) 24k A RE5H4k 1 (MALRD)Refe ik
FGF19/15 #:3%[8]; 4) Wnt P85 #43%[K 1 TCFTL2 ZE K (13 aE_E /NS g IEH FGF15 REKF[9].

73U FGF19/15 58165 f& FGFR4 M BISZ4K p-Klotho S5 [10], FEEEANMLIE BTk B 1 (U0 5 48
B A — AT 4 A K R T SZ AR A 200 (FRS20)), AT il R AT 5 BRI N, S22 IO 1 PP AL R 5 Ak S5 A
o BRI FGF19 ¥#i& FGFR4-p-klotho E A WIME S1& S FEH AL, H FGF19 fEHAMHL A
ZEAYFINGE, EAGIRIAZ(WAT), FGFI19 454 H S H 1 FGFR1c-p-klotho [11]. 4HHEAME 5
VAT 1 (ERK 1) ERK2 FJ5JE 3£ K] Ras-ERK-p90 %5 R if#f5 5 7l /5 FGF19-FGFR4-4-klotho & &4
fEFI[12] [13].

3. FGF19/15 B9 47& 14
3.1. PIREHERRRS

JOELTA R 2 P P R 7 4 e A 7 A PR i v R, B LA R 1, L B2 B P A 4

BRSSP BB R E , PhBiG BRI VA e 4E A= Z I AR AR [ 14] [15]. FXR %1 FGF19/15

FENph 2RIk, J5 & B HE 7] FGFR4 ML 32 440/ 7 — JE AR AEAR (SHP) S AT o A0 LT B 7o F2 40 Pl
(CYPTALEVERIZRIE, %8G5 D e A2 B ET AR & g A% rh AR 28— D RBRE 2P 3%

ik
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TEAL 215 T AR IR AR M R B N R E i FGF1S RIEBE{K[16]. #Z FGF15 B/ AFHE A+
CYP7A1 mRNA FIEE (K30, CYPTATL BT 14 AN 3 (8 AR T BRHEMEA S 38 i . Fef1 5™ Fefrd ™ 1 -klotho '~
F RS AR BR AR O, T AE Fefrd™ AN p-klotho " FiFR 4 th A I A JR FGF19 AR BEHNH| CYPTAL £
iK[11]. 45T FGF19 B0 B AN JFACHT 4+ CYPTAL ) mRNA Fik/KF, 4 THEITEREL FXR 3
AN E s BRIk FGF1S, BeRSHHI AT+ CYPTAL ik, BHIEARVTBRAIA [17].

NGM282 J& FGF19 & Rt A, O 909 IO H R AR AR 1 s BoAT G (18], A IRV
TR T () R NGM282 5, BRK T A s i 2 AN 2035 75 1 1) H &R 45 A s K PR VT IR R
KA, 1X 0 NGM282 ¥ 77 B i A R 4 7 I Re[19]. Ak, FGF19 AU BG 7t Re %
03 %] E 23S IR R (UDCA) YR YT 0 IR LI 5 5 A FE - 25 s A 8 2 (P e i IR 4]

3.2. FTHHERS S

3.2.1. MEK R M

B 7R R ESAS AN, FGF19/15 2 5 4R R [20], AR ER & AR — Y0 PR (858 I3 FGF19
KPR T FEX B2 217, FeflS J R R/ BRAS A 1E 5 48355 10300 R8T Bk 152, IR B HH AT L /K
BAAR AN 2 T 52 N RIS, T IX Se m il i MR PESS T FGF19 [ N5 B35 [12], 44T Fefrd fil
Fr/INER FGF15 FEAREE B SEUMEH -

AR IR BR(AAV)IE 1k FGF15 Al SN & 175 S IR FE(DIO) /N BRI e BT #6, PRI db/db /) BURE R
TR AE[22]0 TENR B RARBU /N BB AL P, i =2 VRS FGF19 W BGE IR JE R A R B R/ A5 5
85, OB R OR R R A R 23] #EBkiES FGF19 A %K DIO 1 ob/ob /MR IR, #2 &4
BEAI I 224 B L FGF19/15 383 I BERR I (cAMP) [ ST 25 & B - T S AP i A 484 T i
T 2Ry LRS- 1a (CREB-PGC-1a) {5 545 S, 0] 4 &7 08 (0 BT AR 15912571

3.2.2. MEERAIRE M

FGF19/15 7EAT AR AR b RIAE L 5 AR . IR 3 My h ) FGF19 R AR TR 2 # (4]
[26], AR T AE G AT 0% (NAFLD) £ 34 L5 1) FGF19 3K 5 P4 [27] .

Fgf15 w4 HFD 53 1)/ SRS H il = Fe s hn DL SRR BAC B 2R R i R I& , W] FGF15 B8 T
/NERBE AR 28] AR FGF19 AT FEAR/NRARE, Bk NRABITUIR, RN R IR A R BB (ALT)E M
RV AR J5 (o i = B A0 5 R 7 ) 7K T, 184 0 TR g 7 R 484k [29 ] K FGR19/80 IR 5 A ik & 4 1
TEIT TR D /N SRR A g R AR R [301, UERH FGF19 Kz H A4 Al et A U 1k e A 8 Y s ek I M
JH 98 (NASH) s B 22 AE,  SIPUIE R B LR FPULF AL EA(31] [32].

H AT, NGM282 M 1 32 4= Afint 52 M AF 78 UL S NASH B3 Ao 12 &R 1T i ze 4tk iz A
B RAERT T T2 56 331 11 I PR B BIF Fe 45 5 5 1 PR HT Sh A 72 1) 45 SRR — 3, NGM282 Befs FR{ ik
GRS EFREBMD. SR H ST R, 84% 1 B B i st (NAS 140 B BT,
2% B AR AL A A P . 11 SRR S0 45 - S5 PR AT 3h 00t 9 1 2 22 X R AE T-45 245 5 Il /K ~F 2
E[34].24 J J5 , 52 NGM282 57 [ NASH i T A 7 7 & 0 35 PR A, I PR BE £F 4R AL FE B 1 532 [ 35

BUIEFCR IR, FGF19 S35 BRAK 5 N I A A DGR R R S K, GUHE SRS A FRILER(ACC). I
/INBHEEE 4 (CD36) s+ H B 15 o ih 455 8 H-1c (SREBP-1¢). fill 5t 4# G A1 (SCD1)#1 CYP7AL
[29]. 734F, 7E FGFRIc/KLB if&/NRH, FGF19 Sk = ARUHEYE, &8 FGF19 Al {K# FGFR1c/KLB FKiA [
IS AR [36], 171 FFAE FGFR4 X1 FGF19 B0 s s ik & a2/ BRI g AR o] BE AN 4 T I3 7]

FRAERR & — PP AE SN ) S HE ) N s AL B G TR, Ik 5 (RSN 2 100 1) o 26 R, 8 Jk 5 25 41K
P, LIELRIE gL, SFERRAEE, HINEEEROS)F A, 44T FGF19 nl#fi /s BRSL40 i i
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ERAEIRES p-EAk, TR 2R iR 2k B b 2R Rk N 3 40 L T2[38]. FGF19 {2t Zkpifkh PGCla. £k
KA T A (TFAM). MLZLZEMARE 1| (HO-1)EHE, SEFERIRIE SRR AERERE[39].

3.3. RABLHIRER

FGF15 fE/NREF A 2208, e ST, ERENFEAET A CEE, Fefls
BZHNRA IR 2 5 200 T AR 3240, B2 00 BT B 40 A0 3 i BB T2 3R [40], IR RS 1 S5
FGF19/15 W] #8540 f 14 AF 9 (HCC) A . FGF15 KIS RIAMEHE AT N8 iE . K H 7 AR 1
KPR AR5 FGFR4A % VJAH G, FGFR4 Bk 8l FH FGFR4 HAIHUAA REWE il /I B 7 FGF19 Rk J5
(g A [41]. 0] FGF19-FGFR4 Gl n] 5 Ml s K AT sh B8 b HCC K& . FGF19 AT g2
il R 20 P8 (LS Q) 5 28 b -6 AN TB: 77 3R B [R 21 [42], /N i filie 6 3 (1 IL3E FGF19 ZKF B & i T
M4, 78 LSQ M/ AR i, FGF19 [t kAl 3k 1 iR 40 B () 34 5 AT #2 (43 ]

Y%F FGF19 MBUREIERE, JET450 - Dhfe R B ko + o 2. B g BT %A FGF19
A N I F R A X, 7B FGF19 [ L0208 RGP, A RLT — &% FGF19 &4k, 1]
TRER T A AW ER, > T BUETE44].

34. Hftt

YT E A FGF19 2 (A AT LAFF /N B B URR S A i 5, 338 i A AL VA 40 76 MR LAT i oAk i L it
FEFF S AR [45]. FGF19 it i AL 40 i AR K i S R 5 FRAZ MR AR B2 1 S6 W (S6K 1) R L. 7K
SIS A LT4E, o /N BRVL 248 FFRE IR [46]

AR B KR (CAD) & — R B it O IE T, B R e AL O A AR B2 O U FE R0 R
PRI, 1M7E FGF19/15 /KF5 CAD HIAFEREFRE B A5C. Fafls JE A iR /N BRAFTE oI e
FE KA HEZIA AR, XA A S0 i B IE R R B RSB DS, KU FGF19/15
D E R IE R E ATL F[47].

4. B5iF

HRBLLAK, JLI R 74 A5 FGF19/15 FIThRERIR VAT T A T BIRANKI T ff. (BRT
FGF19 575 il ) 3= 1) R« 1) AAAERSE I BEERLSE; 2) KRR FGF19 1 73 T8 H/INM# 25 kDa),
I R I EE R, SR TEIE(L) 30 min) [20], 2BV MR B2 3) FGF19/15 B
R RE[48].

EXF FGF19/15 M5 Z IR, Fxf A TA B BIVERI o, A 2% & FGF19 124 2L 3 |
FGF19-FGFR4 i@, 43 & U5 AQUIE M DX 3 5 B0 vd 1 X, X 5 & AT 25 o, 3k S 8 78 1A
M. NGM282 #& FGF19 MAEEUR ARk, R KW A S e W & 28— D 500E, Har
WNERERA R EMET FGF19 N W T 7T B

&2, FGF19/15 VTR 5 (5 S S E R, IR NEIR 1 Gk N =R AE b £
HAr, #E[7 FGF19 J7i%(f ] FGF19 JUMEfE F FXR #sh7)) B R A e, i &l X i 1 503 4
JRI FGF19 Sk ZSE 697 842G R4 .

SE

[1]  Phan, P., Saikia, B.B., Sonnaila, S., et al. (2021) The Saga of Endocrine FGFs. Cells, 10, Article No. 2418.
https://doi.org/10.3390/cells10092418

[2]  Naugler, E., Tarlow, D., Fedorov, M., et al. (2015) Fibroblast Growth Factor Signaling Controls Liver Size in Mice

DOI: 10.12677/pi.2022.113020 164 2R


https://doi.org/10.12677/pi.2022.113020
https://doi.org/10.3390/cells10092418

SRR

(3]

(4]

[3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

with Humanized Livers. Gastroenterology, 149, 728-740. https://doi.org/10.1053/j.gastr0.2015.05.043

Itoh, N., Ohta, H. and Konishi, M. (2015) Endocrine FGFs: Evolution, Physiology, Pathophysiology, and Pharmaco-
therapy. Frontiers in Endocrinology, 6, Article No. 154. https://doi.org/10.3389/fendo0.2015.00154

Zhang, F., Yu, L., Lin, X., et al. (2015) Minireview: Roles of Fibroblast Growth Factors 19 and 21 in Metabolic Regu-
lation and Chronic Diseases. Molecular Endocrinology, 29, 1400-1413. https://doi.org/10.1210/me.2015-1155

Miyata, M., Hata, T., Yamazoe, Y., ef al. (2014) SREBP-2 Negatively Regulates FXR-Dependent Transcription of FGF19
in Human Intestinal Cells. Biochemical and Biophysical Research Communications, 443, 477-482.
https://doi.org/10.1016/j.bbrc.2013.11.126

Li, J., Witonsky, D., Sprague, E., et al. (2021) Genomic and Epigenomic Active Vitamin D Responses in Human Co-
lonic Organoids. Physiological Genomics, 53, 235-248. https://doi.org/10.1152/physiolgenomics.00150.2020

Guthrie, G., Stoll, B., Chacko, S., et al. (2020) Rifampicin, Not Vitamin E, Suppresses Parenteral Nutrition-Associated
Liver Disease Development through the Pregnane X Receptor Pathway in Piglets. American Journal of Physiology—
Gastrointestinal and Liver Physiology, 318, G41-G52. https://doi.org/10.1152/ajpgi.00193.2019

Wang, L., Frey, M. and Kohli, R. (2021) The Role of FGF19 and MALRDI in Enterohepatic Bile Acid Signaling.
Frontiers in Endocrinology, 12, Article ID: 799648. https://doi.org/10.3389/fend0.2021.799648

Bhat, N., Esteghamat, F., Chaube, K., et al. (2022) TCF7L2 Transcriptionally Regulates Fgfl5 to Maintain Bile Acid
and Lipid Homeostasis through Gut-Liver Crosstalk. The FASEB Journal, 36, €22185.
https://doi.org/10.1096/11.202101607R

Somm, E. and Jornayvaz, R. (2018) Fibroblast Growth Factor 15/19: From Basic Functions to Therapeutic Perspec-
tives. Endocrine Reviews, 39, 960-989. https://doi.org/10.1210/er.2018-00134

Tomiyama, K., Maeda, R., Urakawa, 1., et al. (2010) Relevant Use of Klotho in FGF19 Subfamily Signaling System in
Vivo. Proceedings of the National Academy of Sciences of the United States of America, 107, 1666-1671.
https://doi.org/10.1073/pnas.0913986107

Kir, S., Beddow, S.A., Samuel, V.T., et al. (2011) FGF19 as a Postprandial, Insulin-Independent Activator of Hepatic
Protein and Glycogen Synthesis. Science, 331, 1621-1624. https://doi.org/10.1126/science.1198363

Kong, B., Wang, L., Chiang, J.Y.L., et al. (2012) Mechanism of Tissue-Specific Farnesoid X Receptor in Suppressing
the Expression of Genes in Bile-Acid Synthesis in Mice. Hepatology, 56, 1034-1043.
https://doi.org/10.1002/hep.25740

Johansson, H., Mork, L.M., Li, M., ef al. (2018) Circulating Fibroblast Growth Factor 19 in Portal and Systemic Blood.
Journal of Clinical and Experimental Hepatology, 8, 162-168. https://doi.org/10.1016/j.jceh.2017.07.001

Xu, A.W. (2018) Hypothalamic Sensing of Bile Acids, a Gut Feeling. Trends in Endocrinology & Metabolism, 29,
363-366. https://doi.org/10.1016/j.tem.2018.02.001

Tang, X., Yang, Q., Yang, F., et al. (2016) Target Profiling Analyses of Bile Acids in the Evaluation of Hepatoprotec-
tive Effect of Gentiopicroside on ANIT-Induced Cholestatic Liver Injury in Mice. Journal of Ethnopharmacology, 194,
63-71. https://doi.org/10.1016/j.jep.2016.08.049

Al-Khaifi, A., Rudling, M. and Angelin, B. (2018) An FXR Agonist Reduces Bile acid Synthesis Independently of In-
creases in FGF19 in Healthy Volunteers. Gastroenterology, 155, 1012-1016.
https://doi.org/10.1053/j.gastro.2018.06.038

Luo, J., Ko, B., Elliott, M., et al. (2014) A Nontumorigenic Variant of FGF19 Treats Cholestatic Liver Diseases. Science
Translational Medicine, 6, ral00. https://doi.org/10.1126/scitranslmed.3009098

Sanyal, J., Ling, L., Beuers, U., e al. (2021) Potent Suppression of Hydrophobic Bile Acids by Aldafermin, an FGF19
Analogue, across Metabolic and Cholestatic Liver Diseases. JHEP Reports, 3, Article No. 100255.
https://doi.org/10.1016/j.jhepr.2021.100255

Potthoff, J., Kliewer, A. and Mangelsdorf, D.J. (2012) Endocrine Fibroblast Growth Factors 15/19 and 21: From Feast
to Famine. Genes & Development, 26, 312-324. https://doi.org/10.1101/gad.184788.111

Sonne, D.P., Van Nierop, F.S., Kulik, W., et al. (2016) Postprandial Plasma Concentrations of Individual Bile Acids
and FGF-19 in Patients with Type 2 Diabetes. The Journal of Clinical Endocrinology & Metabolism, 101, 3002-3009.
https://doi.org/10.1210/j¢.2016-1607

Zhou, M., Luo, J., Chen, M., et al. (2017) Mouse Species-Specific Control of Hepatocarcinogenesis and Metabolism
by FGF19/FGF15. Journal of Hepatology, 66, 1182-1192. https://doi.org/10.1016/j.jhep.2017.01.027

Morton, J., Matsen, E., Bracy, P., ef al. (2013) FGF19 Action in the Brain Induces Insulin-Independent Glucose Lo-
wering. Journal of Clinical Investigation, 123, 4799-808. https://doi.org/10.1172/JCI70710

Fu, L., John, L.M., Adams, S.H., et al. (2004) Fibroblast Growth Factor 19 Increases Metabolic Rate and Reverses Di-
etary and Leptin-Deficient Diabetes. Endocrinology, 145, 2594-603. https://doi.org/10.1210/en.2003-1671

DOI: 10.12677/pi.2022.113020 165 2T


https://doi.org/10.12677/pi.2022.113020
https://doi.org/10.1053/j.gastro.2015.05.043
https://doi.org/10.3389/fendo.2015.00154
https://doi.org/10.1210/me.2015-1155
https://doi.org/10.1016/j.bbrc.2013.11.126
https://doi.org/10.1152/physiolgenomics.00150.2020
https://doi.org/10.1152/ajpgi.00193.2019
https://doi.org/10.3389/fendo.2021.799648
https://doi.org/10.1096/fj.202101607R
https://doi.org/10.1210/er.2018-00134
https://doi.org/10.1073/pnas.0913986107
https://doi.org/10.1126/science.1198363
https://doi.org/10.1002/hep.25740
https://doi.org/10.1016/j.jceh.2017.07.001
https://doi.org/10.1016/j.tem.2018.02.001
https://doi.org/10.1016/j.jep.2016.08.049
https://doi.org/10.1053/j.gastro.2018.06.038
https://doi.org/10.1126/scitranslmed.3009098
https://doi.org/10.1016/j.jhepr.2021.100255
https://doi.org/10.1101/gad.184788.111
https://doi.org/10.1210/jc.2016-1607
https://doi.org/10.1016/j.jhep.2017.01.027
https://doi.org/10.1172/JCI70710
https://doi.org/10.1210/en.2003-1671

SRR

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Potthoff, M.J., Boney-Montoya, J., Choi, M., ef al. (2011) FGF15/19 Regulates Hepatic Glucose Metabolism by Inhi-
biting the CREB-PGC-1a Pathway. Cell Metabolism, 13, 729-738. https://doi.org/10.1016/j.cmet.2011.03.019

Hu, X., Xiong, Q., Xu, Y., et al. (2018) Association of Serum Fibroblast Growth Factor 19 Levels with Visceral Fat
Accumulation Is Independent of Glucose Tolerance Status. Nutrition, Metabolism & Cardiovascular Diseases, 28,
119-125. https://doi.org/10.1016/j.numecd.2017.10.009

Schreuder, C.M.A., Marsman, H.A., Lenicek, M., et al. (2010) The Hepatic Response to FGF19 Is Impaired in Patients
with Nonalcoholic Fatty Liver Disease and Insulin Resistance. American Journal of Physiology—Gastrointestinal and
Liver Physiology, 298, G440-G445. https://doi.org/10.1152/ajpgi.00322.2009

Schumacher, J.D., Kong, B., Pan, Y., ef al. (2017) The Effect of Fibroblast Growth Factor 15 Deficiency on the De-
velopment of High Fat Diet Induced Non-Alcoholic Steatohepatitis. Toxicology and Applied Pharmacology, 330, 1-8.
https://doi.org/10.1016/j.taap.2017.06.023

Miyata, M., Sakaida, Y., Matsuzawa, H., ef al. (2011) Fibroblast Growth Factor 19 Treatment Ameliorates Disruption
of Hepatic Lipid Metabolism in Farnesoid X Receptor (Fxr)-Null Mice. Biological and Pharmaceutical Bulletin, 34,
1885-1889.

Alvarez-Sola, G., Uriarte, 1., Latasa, M.U., et al. (2017) Fibroblast Growth Factor 15/19 (FGF15/19) Protects from Di-
et-Induced Hepatic Steatosis: Development of an FGF19-Based Chimeric Molecule to Promote Fatty Liver Regenera-
tion. Gut, 66, 1818-1828. https://doi.org/10.1136/gutjnl-2016-312975

Zhou, M., Learned, R.M., Rossi, S.J., et al. (2017) Engineered FGF19 Eliminates Bile Acid Toxicity and Lipotoxicity
Leading to Resolution of Steatohepatitis and Fibrosis in Mice. Hepatology Communications, 1, 1024-1042.
https://doi.org/10.1002/hep4.1108

Uriarte, 1., Latasa, M.U., Carotti, S., et al. (2015) Ileal FGF15 Contributes to Fibrosis-Associated Hepatocellular Car-
cinoma Development. International Journal of Cancer, 136, 2469-2475. https://doi.org/10.1002/ij¢.29287

Harrison, S.A., Rinella, M.E., Abdelmalek, M.F., et al. (2018) NGM282 for Treatment of Non-Alcoholic Steatohepati-
tis: A Multicentre, Randomised, Double-Blind, Placebo-Controlled, Phase 2 Trial. The Lancet, 391, 1174-1185.
https://doi.org/10.1016/S0140-6736(18)30474-4

Harrison, S., Rossi, S., Bashir, M., et al. (2018) NGM282 Improves Fibrosis and NASH-Related Histology in 12
Weeks in Patients with Biopsy-Confirmed NASH, Which Is Preceded by Significant Decreases in Hepatic Steatosis,
Liver Transaminases and Fibrosis Markers at 6 Weeks. Journal of Hepatology, 68, S65-S66.
https://doi.org/10.1016/S0168-8278(18)30352-0

Harrison, S.A., Neff, G., Guy, C.D., et al. (2021) Efficacy and Safety of Aldafermin, an Engineered FGF19 Analog, in
a Randomized, Double-Blind, Placebo-Controlled Trial of Patients with Nonalcoholic Steatohepatitis. Gastroenterolo-
2y, 160, 219-231.E1. https://doi.org/10.1053/j.gastro.2020.08.004

Lan, T., Morgan, D.A., Rahmouni, K., ef al. (2017) FGF19, FGF21, and an FGFR1/-Klotho-Activating Antibody Act
on the Nervous System to Regulate Body Weight and Glycemia. Cell Metabolism, 26, 709-718.E3.
https://doi.org/10.1016/j.cmet.2017.09.005

Wu, A.L., Coulter, S., Liddle, C., ef al. (2011) FGF19 Regulates Cell Proliferation, Glucose and Bile Acid Metabolism
via FGFR4-Dependent and Independent Pathways. PLoS ONE, 6, ¢17868.
https://doi.org/10.1371/journal.pone.0017868

Sun, Y.N., Yang, Z.X., Ren, F.Z. and Fang, B. (2020) FGF19 Alleviates Palmitate-Induced Atrophy in C2C12 Cells by

Inhibiting Mitochondrial Overload and Insulin Resistance. International Journal of Biological Macromolecules, 158,
401-407. https://doi.org/10.1016/j.ijbiomac.2020.04.186

Guo, A., Li, K. and Xiao, Q. (2020) Fibroblast Growth Factor 19 Alleviates Palmitic Acid-Induced Mitochondrial
Dysfunction and Oxidative Stress via the AMPK/PGC-1a Pathway in Skeletal Muscle. Biochemical and Biophysical
Research Communications, 526, 1069-1076. https://doi.org/10.1016/j.bbrc.2020.04.002

Kong, B., Sun, R., Huang, M., et al. (2018) Fibroblast Growth Factor 15-Dependent and Bile Acid-Independent Pro-
motion of Liver Regeneration in Mice. Hepatology, 68, 1961-1976. https://doi.org/10.1002/hep.30041

French, D.M., Lin, B.C., Wang, M.P., et al. (2012) Targeting FGFR4 Inhibits Hepatocellular Carcinoma in Preclinical
Mouse Models. PLoS ONE, 7, e36713. https://doi.org/10.1371/journal.pone.0036713

Tan, Q., Li, F., Wang, G., et al. (2016) Identification of FGF19 as a Prognostic Marker and Potential Driver Gene of
Lung Squamous Cell Carcinomas in Chinese Smoking Patients. Oncotarget, 7, 18394-402.
https://doi.org/10.18632/oncotarget. 7817

Li, F., Li, Z., Han, Q., ef al. (2020) Enhanced Autocrine FGF19/FGFR4 Signaling Drives the Progression of Lung
Squamous Cell Carcinoma, Which Responds to mTOR Inhibitor AZD2104. Oncogene, 39, 3507-3521.
https://doi.org/10.1038/s41388-020-1227-2

Wu, X., Ge, H., Lemon, B., et al. (2010) Separating Mitogenic and Metabolic Activities of Fibroblast Growth Factor

DOI: 10.12677/pi.2022.113020 166 2T


https://doi.org/10.12677/pi.2022.113020
https://doi.org/10.1016/j.cmet.2011.03.019
https://doi.org/10.1016/j.numecd.2017.10.009
https://doi.org/10.1152/ajpgi.00322.2009
https://doi.org/10.1016/j.taap.2017.06.023
https://doi.org/10.1136/gutjnl-2016-312975
https://doi.org/10.1002/hep4.1108
https://doi.org/10.1002/ijc.29287
https://doi.org/10.1016/S0140-6736(18)30474-4
https://doi.org/10.1016/S0168-8278(18)30352-0
https://doi.org/10.1053/j.gastro.2020.08.004
https://doi.org/10.1016/j.cmet.2017.09.005
https://doi.org/10.1371/journal.pone.0017868
https://doi.org/10.1016/j.ijbiomac.2020.04.186
https://doi.org/10.1016/j.bbrc.2020.04.002
https://doi.org/10.1002/hep.30041
https://doi.org/10.1371/journal.pone.0036713
https://doi.org/10.18632/oncotarget.7817
https://doi.org/10.1038/s41388-020-1227-2

SRR

[45]

[46]

[47]

[48]

19 (FGF19). Proceedings of the National Academy of Sciences of the United States of America, 107, 14158-14163.
https://doi.org/10.1073/pnas.1009427107

Benoit, B., Meugnier, E., Castelli, M., et al. (2017) Fibroblast Growth Factor 19 Regulates Skeletal Muscle Mass and
Ameliorates Muscle Wasting in Mice. Nature Medicine, 23, 990-996. https://doi.org/10.1038/nm.4363

Guo, A., Li, K., Tian, H.C., ef al. (2021) FGF19 Protects Skeletal Muscle against Obesity-Induced Muscle Atrophy,
Metabolic Derangement and Abnormal Irisin Levels via the AMPK/SIRT-1/PGC-a Pathway. Journal of Cellular and
Molecular Medicine, 25, 3585-3600. https://doi.org/10.1111/jcmm.16448

Itoh, N., Ohta, H., Nakayama, Y. and Konishi, M. (2016) Roles of FGF Signals in Heart Development, Health, and
Disease. Frontiers in Cell and Developmental Biology, 4, Article No. 110. https://doi.org/10.3389/fcell.2016.00110

Maeda, T., Kanzaki, H., Chiba, T., et al. (2019) Serum Fibroblast Growth Factor 19 Serves as a Potential Novel Bio-
marker for Hepatocellular Carcinoma. BMC Cancer, 19, Article No. 1088. https://doi.org/10.1186/s12885-019-6322-9

DOI: 10.12677/pi.2022.113020 167 2T


https://doi.org/10.12677/pi.2022.113020
https://doi.org/10.1073/pnas.1009427107
https://doi.org/10.1038/nm.4363
https://doi.org/10.1111/jcmm.16448
https://doi.org/10.3389/fcell.2016.00110
https://doi.org/10.1186/s12885-019-6322-9

	成纤维细胞生长因子19/15的表达调节与生物活性
	摘  要
	关键词
	Expression Regulation and Bioactivity of Fibroblast Growth Factor 19/15
	Abstract
	Keywords
	1. 引言
	2. FGF19/15表达的调控因素及信号传导
	3. FGF19/15的生物活性
	3.1. 调控胆汁酸稳态
	3.2. 调节糖脂代谢
	3.2.1. 对糖代谢的影响
	3.2.2. 对脂质代谢的影响

	3.3. 促进有丝分裂作用
	3.4. 其他

	4. 结语
	参考文献

