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Abstract

Nonalcoholic fatty liver disease (NAFLD) has become the main manifestation of chronic liver disease
in children and adolescents with the increasing incidence of obesity worldwide. NAFLD represents a
broad spectrum of diseases, including nonalcoholic fatty liver, non-alcoholic steatohepatitis (NASH),
cirrhosis and liver carcinoma. Although it is generally believed that NAFLD is closely related to obes-
ity and insulin resistance, the specific pathogenesis of NAFLD remains unclear. In this article, we will
review the pathogenesis of nonalcoholic fatty liver disease in children and adolescents.
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K%, My

EELEEMRIEERI. NAFLDAAE AN ZHEmiIE, SfEIRmEE R AE N (nonalcoholic
fatty liver, NAFL). RGP 6 i 14 T 4 (non-alcoholic steatohepatitis, NASH). FFELL R e . BAR
H I ¥# A UNAFLD 5 Bt DA K JBR S R IRHUEVIAER, (EHBEAR AW MR . FEASCF, RAT
Bx ) LEF DR AR 0 % B RO DL AT 2708

Xiid
JLE, BOE, RERERIETR, JRERERIETR, KRl
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1. 3]

JLEE 5 /b4 E RS 4 g 97 £ 995 (nonalcoholic fatty liver disease, NAFLD)E X 4 18 JH % LR, Lid &
WA LT ELER MR AT S SO AR (s 5 A, R DA 48 PR g 77 78 P A 08 1 i S AR DA R AR 1)
I R BRLE G AE[1] . NAFLD ARER—AN 2 B 1%, G0 HEJR IS M 52 4l 5 195 T (nonalcoholic fatty liver,
NAFL). k51 g 5 12 JIF 8 (non-alcoholic steatohepatitis, NASH). FFAEAL K s . BRIBTF 78 0k S N 14
fiE WEFE 5120 A7 22 7 55 R 2, NAFLD [ 4Bk B0 R M AR IE 5 — 5. Younosis 25223 I 70 R B
NAFLD ] 55 R AFAE R 22 57, H 7R (32%) A1 A 35 (31%) I BB R 5 v, TN (27%) S5 [ (24%) R
(23%) S AEIM (14%) ) o AT A [2] [3]. 2014 = [H 2438 RF TS R B, BRAE B AT 98 9 S BUH A
AR LR, (H H AT O NAFLD B, 72 % FHIEZR 1, NAFLD [ Eu ] &k 49.3% [4]. Filit 2
2030 4, 4R NAFLD #%% N 28.4%.

NAFLD )& N BOZFEIG 0, I H 2 IUEE S REREE ) L#E T /D 4 NAFLD 87 fE R N 2%
EEE, JLEACRE B RIEFET =, NAFLD MJLE B F DA 3%~11% [5], tHREEFE LAEH. 1
MEHNHBIX, JLE ) NAFLD 2N 6.3%, Hr i [E ) L2 NAFLD 95 % H FTid HLEUIS, 08 3.4% [6],
A EHTA BT &

{HH BT JLE D4 NAFLD AR HLEI AR e 405 2, 20 thARRIRH A “ ka7 = UA 215 A
FET 2 NAT[7], HETFE U SRE . RS EAPT. R AN i S 2 AR A, R
2 P DR 20 A MR 5 R (A R AR BLAE T, (R IR AE R B . 38— B, R R, I
S R P T T TR B T v = R HE AR 5 U IR P 7 AR e A BSOS AR D PRI 28, R “ —IRdT 7 [8]s SR BB,
JERERE W S B S BT AN 2ORE . AN ZRRLARThRERRAS . RN A S L E kT, &R
9 NASH. JH4F4Eth, HZFEL[9] [10] [11]. Ft, T JLEF/F NAFLD A mAL T 7 2 ¢ &
2, BT X NAFLD #E47 5 BB 6 I H sl > &R BAF R 1 kA2, ASCKExT  LE T /D4 NAFLD 1A%
ML AT 2718

2. RRERSREERRM
21 BEFERSRREHIHNE

BB QTR R EGE, JLEIEM & NAFLD AR 2R @Y, X5t
FESR B KRB SR BCR T VIR K . S IR AR 1 R S IR 107 2 2330 75 RE AU A AR B, AT Al

][l
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ez, M

07 S A SN, T B SZ AR R A AT AR JBR B AR TR IR BB Sl e S R e AR R A 1) —
PRI, e Zen] FECH M =HR AT AR RR 4 kLA S A B G B HEME & %08 [12] . & 2 H il = TR I FLBE T
KL 80% i 1% 12 2| 1 J N 1 4L 23, e TS une 19 MR D %, e s 4 I 2 1 AR D7 g B ORI FH - #0122 1 C-111 (ApoC-
TIT) A& A5 2 0 T A ) 7], i 5 R AR A8 35 AN R Rl ik o ApoC-1L, - AT ) &1 i i ity 2 23 g 2
G« 390 AR BB 2 H i = T AL BETORE[13] o JEE A G I ZEL AT 7= A S8RE BRI R 15 R ek 9
RFEK F--alpha (Tumor Necrosis Factor, TNF-a). [441%-6 (Interleukin-6, IL-6). ¥% 2 (leptin) Al g Bk 2 25
JEI P 45497, e leptin w] v A0 FEE AR A M 04k R T2, AT 2 5 NAFLD (R A2 % g Foadk ey NASH
AL R FE[14] [15]

FWE . RERESE T AR A AR B AR IN ), G R R R BUME A O . MR IR E(E A
JIE T « SRWELTRE A P00 A IR s 2 P AR T 5 v LR 30 o R B K AN 5 0 S B TG A 45 5 B 1 (ChREBP)
T JFF i 7 A8 P e e v e o B (23] SRR A TR &0, ©iBid #i & stz ®E e 5 (GLUTS)
JUF eI, — BN, 3 4 s 4 e i A -6- T IR, 7948 IR M R /K A
N FNE-1,6- R, ANITRE R SR A4, RREARUPE I INRIR & . RERANMN R L
NIRRT AR =G, (2 SRE AT AR DT G RO I A B S AR AR 2 R e R R A A 4 AR
[16]. ERARIBEA UG 23 SURBE I, (RN T R =P, SRR R FAKF, SRk e
SRR T R4k S i g 55 2 UM G [17]

22. 3%, RILEREKSHEILES

T AF SRR SR 2 0 0 R R BESRTE B = . 2 R 2 2 2 i AR B AR PIR S 5 L2 NAFLD &
i ELRPEE NASH B UIAHC[18]. A RT# hil L AR o] FEAR TR % 42 NAFLD XU, XAl e
— BB ORI N () SR ARAS G O¢, FF B e A K m[19]. 20U A BRE N K BIR%ES JLE R
JHE« IR AR 2R L FEAR AR AR D P T 28 5¢ R % V)[20], BARMLEI W] e 5 R MBS WA 5C[19]. tbAh,
A E KO ROCFR HAERT 3 H), aI3G ) L2 K& BUF B NAFLD (1 09 AUz [21] -

3. EHA

BEE A FR AR AR, HEREZEMES)LE NAFLD KSRk Z 1 oE, HRAE

R FRRT 7, PUHEA =i 2 36%. AEUNE I ELIE N 14%. WA 10.2%. JEPEEEA BN 8.6% [22].
5 NAFLD #1555 K 2 2555 PNPLAS rs738409 [23]. NCAN rs2228603 [24]. LYPLAL1 rs12137855 [24]+
GCKR rs780094 [24]. PPP1R3B rs4240624 [24]. APOC3 rs2854117/rs2854116 [25]. FDFT1 rs2645424 [26].
FTO rs9939609 [27]. MC4R rs12970134 [27]. GC rs222054 [28]. LCP1 rs7324845 [28]. SLC38A8 rs11864146
[28]. LPPR4 rs12743824 [28]. SAMMS0 rs2143571 [29]. PARVB rs6006473/rs5764455/rs6006611 [29]. IL-6
[30]- TM6SF2 [31]% . HoAth 5584k N ik 5% 32 5 NAFLD i J v NASH 13 A 6055 SOD2 rs4880. IRS-1
rs1801278. KLF-6 rs3750861 [32].

3.1. PNPLA3 EH

PNPLAZ3 (Patatin like phospholipase containing domain 3)3& [ i T 22 S Jufatk, JmidfigliewEA,
ZEARETIFEAAEDIHE, BARRA A ErRIVE- . PNPLA3 [N rs738409 FAZH TR 2 &1
(1148M), HAR 2 KIMET 5, PEYEA N 0.46, miinz A 0.305, FEPMEEE A 0.186 [33], FEA [EIFHE
BN [33] B JLEE [23] H¥UESE 5 NAFLD i AH G o BF 7 0 7 1%k DR 22 251 T {17 8 97 2 T R 1k 1
MNITAR S3E JEF R 07 R [34] 5 [ Bsf 12238 e 10, T A1 PP U 00 B/ A8 ek = B 70 6 77 AN T 5 50T Ok R s 748 12
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[35].
3.2. GCKR #H

GCKR (Glucokinase regulator protein ) bAl 2 ) i 2] MG 18 715 2 1, w00 ) U R ok 22 4 i ] 265
PESER RS, 5 PNPLA3 BN —id L [m 2 5 I A2 14 [36]. GCKR JE K rs738409 £ 71 (P446L),
HABRREE MR NN 0.466, PEIEA A 0.355, FEPHEEE A 0.129 [36]. GCKR FE[H PA46L £ 214 m] 1Y
JOVT R8T 2 B P, AT 8 W IR A 6 3 P O 6 WA B T i 5 PR RS TR R A 11
WEE, AT S R 197 T AR [37]

3.3. APOC3 £ &

APOC3 (Apolipoprotein C-111)# X A% R £ 251 rs2854117 A1 rs2854116 (C482T Al T455C) 5
NAFLD i 5 ZHLPUAH[25]. APOC3 &K £ A v B hn i S 3R Ie &R (1 C3 IKFE, iMi#kiRE A C3 nlil
1l A 25 1 P 7 B 1T /D H i = R IR B IR SR AN BT R 1 L BE SR I T s RE R I v H i = IUAE
(AT BE T, DBFR b 0 FLBEORL i 5 TEFFIE 22 2 AR R IR AR TE B, 50 2% 330 NAFLD FIEE 15 = HEHL[38] .

3.4. FDFT1 &HX

W5t & 7~, FDFT1 (Human farnesyl-diphosphate farnesyltransferase 1)% 5] rs2645424 £ 25145 NAFLD
RIGAEIE[26], " G (1) Ff1 T I G G PN 9 203 J ER B IR I 4y e M V' D ML 2 s PR A, % L]
B o A B TIER, FDFTL 2E[A rs2645424 A VERT (R 3k M i i & BB 2L R M 3R 0E, e 38 i
JIE R[] A T AR [39]

4. BN

ik 22 PR S MR R 4E NI, AR 2R R (1 B 5 A 52 A SRR A (A A R o 8 TR 5 1) 5
BT B-5AG WD T AT A R T CHRI R M AR v A% AT R NAD A3 3 IR IENS — 1% 1F R FAD),
M FRAR T RIREE R, S SRR &M, 114 B ti2E (Reactive oxygen species, ROS)# =4 14
M o PRI BE S A i A RS AR A T R A T RE L [ R DNA KAERAE, dt—B
RN, A SETMIET. . b NASH HERE[40]. FFF2H At i 5 HE 5 e S8 A B2 it A% 3 35k
U5 TERRR . B EE A RIORAR, A2 PA50 4A & id AR A AL SR ) — Fh okl , el
TP R B 2 MR T 4 (38 P40 4A BT, RT3 3 i AR R S A BB B, X
FRAMAIAE G T 4B B ROS B AEFIR T At o 3K 6 7= mT R BCHE N 28 A1 [ B, 5 o Ik
Kupffer 400 AR, 1555 NFKB 5 538 B, S5 TNF-a & HABE 4 e 27 40 I 4a i R 7 (072 AR 23]

5. EEESHREREN

AR, WA RS 58 PR A S R B AU B FRIRGL, 1R R R % 11
WFFCUESE T Rl o B S AR . 565 BT M NAFLD AR ME[41] . BB A9 ml 7= A i B AR ST A998 S A
#2411 2 (Pathogen-associated molecular patterns, PAMPS) (Wi 224 . AKERE), FFaihs & iR 32
A& (Pattern recognition receptors, PRRS) (Toll F£524&. Nod FESZ4R) IR A . #F 5L~ NAFLD &3 1718 i B
MU fpEiEE N, BN T AT R EE T PAMPs BCHAD 7 4 2R A5 AH 5 2 TR, DAL R R
Y T8 TR A DG i T8 = ) m s S2 45 ) VR E M BRI . O G e R S NAFLD (1 kA [41]
[42]. Rapii A T K AN AT RS 1) 22 0 o o SR b R R B AR TR, AT =26 58 2R R L s SRR nT S ok
WP e a5 B SRR 75 O B AR [42] « 53 A 0T 50 R LW v 1 T 502 i BT TR A,
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ISP IE L JEBE X 5244 (arnesoid X receptor, FXR), FECALME. JE S R ACHTE QSRS RV ERthn]
WOFEATE FXR A1 G A 454 324K 5 (TGRS) &0 NAFLD () K& A4 & i F443].

6. Efth
6.1. MEXRS VitD R

MR ITRET T R KA T BA EZEH, IS EA R RBIN S NAFLD KK R%
VI, XA RSN N A O, BT R R Ak iR EEL T 2 5 NAFLD AJwid . ik Kt
FERGEAER D hZ SRR QLA IE & NAFLD #H%, X 5485 D /& 5408, ik LPiergiie
TERZ VM, 44 2% D BL= i@t CD14/LBP #ii% TLR2. TLR4, FHIM R IiF 4 5 R NAE 5 2T M
5 BRI AR 14 R0 9RE I BL[44] [45]

6.2. Hedgehog {52i@ 8%

Hedgehog {5 Z il 54 B id R P RS B SR AT VA, {@FEMA Hedgehog 15 5 il i Ab T
EARES, 432457 2E Hedgehog S2 14 5 i, M ITT A5 Rl A A A0 e e B D A8 2 S A=, (HL i
5 T RE S BU LR VE SORE . LH4ELEL AT i [46] . ) L2 Hedgehog {5 = Il B iR Sas PR K
TR\, (HEEE H kR ST E R & ARG BN, W FUE S AR 4540 ™ B2 )% 5 Hedgehog
BB R IR, FHEMN BMHEICE X Hedgehog 55 mRiA . AL 4ELTE ™ E[47]. X EME
X AR AT LEE S/ B8R4 RO AT SO R AR, X R 1 LA AR AR RN BE A S
JEINE NI I 98 B TR AL, o

7. B4

Zr Lprik, JLEFH /DG NAFLD FIRFNLE] MR — MR R, Horh V2 i AT R B
BRI “ AT BIE AR C 2R NAFLD B LS, o K2R R LR, E%
W R W B A MU IR T R e £E NAFLD S LI FR e SC s E F o Ralr, B SR K 5 SR (Rl A 4 2
IR HT), BRI W FU SRR T 10M4% 5 B, R 1 MR AR 5, X878 3 ] g 25 e e
LR R LA (R SRR A o HL r F) — 45 5 S AN 207K O AR R R VR T T PRV FE HE R
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