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I Abstract

Non-alcoholic fatty liver disease (NAFLD) is emerging as a world-wide health problem and is currently
recognized as a hepatic manifestation of metabolic syndrome. It is an umbrella term to describe a wide range
of diseases from simple steatosis to non-alcoholic hepatosteatosis (NASH) and NSAH-related liver cirrhosis.
NAFLD is mainly associated with insulin resistance which allows increased free fatty acid (FFA) flux to the
liver by increasing lipolysis from adipose tissue, triggering macrophage/immune activation, decreasing
skeletal muscle glucose uptake, and increasing de novo lipogenesis. Increased FFA pool in the liver, in turn,
increases lipotoxic intermediates, such as ceramides, diacylglycerols, and lysophosphatidylcholines, which are
responsible for mitochondrial dysfunction and endoplasmic reticulum stress, resulting in inflammation of the
liver. When inflammation is severe enough to affect stellate cells, hepatic fibrosis can be induced. (J Korean
Diabetes 2014;15:65-70)
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1) ol ATt A7 =A](Insulin resistance and
lipotoxicity)
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E3St carbohydrate responsive element—binding
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2rgot= AEE ZEAZ|L16,17], 7t BFle] o
o|E 7]yolA|(liver—type pyruvate kinase)o] EA
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A A oA AR fEjE FeR f9EE fg
A ARe] 7hAf e vl (~60%)2 AFA|SHCE, HArA o
2 AWMz 4 A Eaflof #osk= adipocyte
TG hydrolase (ATGL) ¥ hormone sensitive lipase
(HSL)9] &2 <d&dol sl A= cH18], 1L,
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oftj 2 U E (adiponectin)e E§3 ofr]xr}ol
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2] xurt §lo] Sk ajled FFI vE

41418 (de novo lipogenesis)©] S7F=o] 7t

S Z7hAAT
9) WA V] 7ToA el o3t W AN

714 &3 B3 (stromal vascular fraction, SVF)<
A A 22 F AGAEE A YA 30%E 2+
Aotz FEoE oAz, AdfotMx, 2% At Al
3 AL A A GO AR glom AHF oAt
9] A7}EH|(autocrine), ZH-H](paracrine)o] 83t
AT dJdeltt, A AlxZet 713 E3 2 g e
A tjate]] BAE 52
glucocorticoid, PPARs, leptin, visfatin, resistin
5), BA|, Alo]E7}FI(TNF—o, IL-1, IL-6), MCP—1
(monocyte chemoattractant protein 1), MIF

I (angiotensin 1I, estrogen,

(macrophage inhibitory factor), PAI-1
(plasminogen activator inhibitor—1) 52 333t t}
9] oft] 7RIS EHlgith, o] F 53] ofr] e 9
=H|7} B|eE FRA| oA FHasE]o] 9lom o= 719 Qe
A wrEel #AE29]. ofrjaxdlgio] AHE 11
W Ao] §& vigt F Hdoj A ofr]zdlE] Fojof os)
A D AFo] ahE A 23t U301, #]
=3 A% Z_‘ﬁ"ﬂ’ﬂ A M Z2EE Q] oftjaxdy
H|7} kAl Qlar o] Alo] Azt | 2F A3
Oﬂ ‘T"]'Zﬂﬂoi olou% HHHE H]o]—:yﬁ./\-] x]}:ﬂ—ﬂ-oﬂ
ol A thiazolidinedones (TZDs) £ojof 2]} ==
& AP 9 F ot xyglo] 3 EEH 7
A(lipotoxicity) 2+ AW7Fgo] SHH] HilE o]
[31].
W A8 opl et 291 71 i 2o A%t
Al2E HEaEd A A3 dio] 71oEo]
E—T’— = cH29]. MCP-1, MIF 9 Z|ARE AHpA| 2=
A AZE s QTS ohH[32], o tA] Al
AP EZRRIS EH|sto] A A|3ze] 7] HA, AW
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St Lz Ao] HE Mo 45 BH-E uiAy
Sl AP EFIRIE FE HH|Sk= M1 4] A7t &
e 28-S k= M2 thA] Mo vlsl g e=s 1
Hl-go] S73IcH33]. 31, (hollA] 4] Alze] JE-&
Sh= Kupffer cell> F-2|XHAre] F7fof oJsf 243t
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tH29].

ool et o]l AW Az} 7b Abolo A=
crosstalke] &Ast=d] L wj7f#l= PPARy©|t},
PPARy= AW A2, 4] Az 9 714 g3 22
ofyel rol M 11T EASt. PPARy &AL
thiazolidinediones= o] Alof| AYAIL ] AFIA| AY
d EAE 5 Y, ot 2Ed A IE 57 5
o] 71 o= A Al 9 HALE Sl Aol
)3 Kupffer cellS 2O & 3fo] H|UdAEA 7t
HollAl FdF AIE IS = e AL o] giEoltt
[34,35].

3) BIFAAY AAl $7F AR (Nontriglyceride
fatty acid metabolites)
Uit o g2 nigdag/d AdrhAgke] el two—

hit hypothesis® A= o] 9=t A WA hit> A&
2 A 2 fe] AAE STl 27t 7kl A 9] F/A
l:ﬂ— xlzLo]_,_ _,_ H—]zzH hltif\'] A}g]. iEEﬂiﬂ- x]ﬂP_,]
SRS 2ot AAES BEHE oA Ao
2 H|YaEA] X]HW}@‘O]EP e IS gt
AR AUtH36]. Leiuh X2 Aol oJstH 7k U
T3 A FHo] HrEA] Al &3 A5S A
712 g7lol 2k W S48 Ao 42 vdaEd A
HAgto A @es] FEE AR B ddr W
on At} AE AL A pANSrE AHEY o) W
Aof| AeE71ASE 2 47) ofygl= oA ESE AA|
1 9it}21,37]. gt |2 DGATE A AlA 1rolA
o] 4 A AFE FEURt 58 HdoA AxA
(endoplasmic reticulum) A~Ed# A wpAQl PERKZ}
7Rk ot e AR vdasd Aol
Al ’6‘7]'Q‘E‘ Aoz 2 4 JNKS NF-«p 2=
2= o] QA T 38]. Ho] o= 28]
olgigl FA A A YdAF FAo] ohE AAE -
gArEEo AdEHoR HE e B3sr] 9g 7]
Holgtes At AaHso] WaEE L {ltH39,40].

A AZ7F A o = 87 A HAF, ceramide,
diacylglycerol (DAG), lysophosphatidylcholine
(LPC)7} Qlth. 9] AHPALS. Qupzl oz AJEalz o
2 =4o] jlona i dFois gy A
3lal, AMI3E Yol A= fatty acid binding protein
(FABP)® Z234d del=2 &Asict, 23} 2hik
toll-like receptor 4 (TLR4)E SASAA A3E A
< FEsh[41], o2 A= TLR-45 AAg 5
oA Aol TAEUTH42], Bt f2f AW
AR 2laFuE E/SHAIA cathepsin BE 215t
o] A|E APE-S §uFettH43], Ceramide:= acyl—CoA
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BERE Y= AP AR EA RS oJst
AN Ao a3 98-S o Aol AztElo] gk
L H= A2 = ceramide Y A2 H/do] &l
E Qo o2 AzoA= WEEA] AoiTH44], A&
E9] ceramide A A A= palmitate = 7HA|ZE
APEE U = Gl o H[45], 3} A §- 2 A
AEHY A W N E APELS ceramide?} FsA W
2 Zo= 98 A[46], ceramidet 7HUEH Abo]Q]
A S YA =7 A7F B asiet DAG
2 protein kinase C& &A3A|7]& g7t=g2 2 &
A Qlom, 7o) A B0 F8 7)o QAR 14
o] fhH47], AA| vE TS AR $Ape] 7k
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4) A232H) AEHA(ER stress)

AAFHAAZE 2 AlE 4 9 548 U=
A 7| MO R AXA AEY A} AL AE AT
et AHEshA 27t AP = A 3 @ (unfolded
protein)o| 43EA|o] ZZ o] =W unfolded protein
response (UPR)Z #95lo] IRE1, ATF6, PERKS
AT}, o] et W5 53] NF—«B, c—Jun
N—terminal kinase, A3} AE# A H27F &4 =HH
olglgt AR Eo] T Aol A A TH R o) X1
of 7lost= ALRE HIEA QUTH10]. 7+ Bo]Ho g
PERK Z2& AAstH 4704 7+e] anxi2lolof = &
TRl Al Fo] fraskal 7ke] F/d AW gheko] hAst
R3[49], RIth2 X kAlo]= 7F W AW S 5
7WX 71 H A ZAlol] PERK HE AZ2 9 elF20S Z7HA]
A XA AEYATL SIS AR IS
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7)e FA, Ag 2EH A 9 HF 58 H2 Fo] A
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zlggo] Hofdhiz AAR Ya| x| aL Qi
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