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Research progress on nonalcoholic fatty liver disease induced by tamoxifen
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Abstract: Tamoxifen is an anti-estrogen drug widely used for the treatment of hormone-sensitive breast cancer. Clinical research and
animal studies have confirmed that tamoxifen can induce nonalcoholic fatty liver disease (NALFD). So far, the pathogenesis of
NALFD induced by tamoxifen include synthesis of aliphatic acid, B-oxidation of aliphatic acid, abnormal export of triacylglycerol,
and inhibition of estrogens. The NAFLD induced by tamoxifen and its pathogenesis are reviewed in this paper.

Key words: tamoxifen; nonalcoholic fatty liver disease; pathogenesis

FUBRE R Lo LI s i, e
53 0 WSR3 2 AR BE 1 AR B 3R 2 AR [T 4k P RSS2,
2 75% [0 FL IR A W 2 52 AR R PR A B 3G
I MEBZ 2 AR PP ESUIRE (G« Gebrut” 29, x T
HEFCER U LI B3, B RBETIL R 44
Ja, AR DINGE LTS, P, JLAEIRR
ERHA Tz AR, KM A 5L S ek
— RAN B RIAE R, b R R R R DT P
(NAFLD) f5 W, 80 8 i e e f 4] 3 g
D RFREALSY, PRI, B 5E 25 & NAFLD FIdL
TR TFB At 55 255 DI NAFLD HA 2
A At FE 25 5 NAFLD BIRATIR S« S s i
T LA LR AL T U ERAR AT T 253
1 fEEFIER NAFLD BRITHRFHAR

AR [ N AR AT T — S8 R R 1 R K

i HEA: 2015-05-27

55 R [ BPE 23 B, UF SR A At S S5 1 L M s
fE% NAFLD R0 26 0 Wi =, R A G /&
KR AT T89S
1.1 ESMAR

At B 25 R ARHE AR I TR0 R D7 VR A S IR 5
E, 2 0d, 10 mg/ik. HHEHEIR, M RiaTr
(I VESLIE B 43%2E 1R T IET 2 N B
NAFLD, JUdlg&—2e@ ) tt, oo iR
KEPENS T EEIT 26 (NASH) FIF4LR!, Bruno 241
X5 408 4 B VIR G B L MEEAT BEALSUE IR
WY, 25T A S 2SR 2 B 20 mg/d, IR9T S
T, W BE VTR A AR SR PRI R oA 52 B
NAFLD (fih 32540 34 1], 22 fedsmldl 18 ), i

HASEE Ly 2.0, I HRBUEE . AERELL & R
RS MERDL CRHREBEMCE . mifiE)

BEEUH: b mHERASRH AR EE (KM201510025017)

{EHEN:

B 1987 ), L, Wik, TENARRR YERET VLT ) AR LI ST, E-mail: zhaofeid19@126.com

*BEMEE REEH (1963—), 5, 11, FAFEKEI. E-mail: yutaozhan@263.net



<1042 - PN T Y3

Drugs & Clinic

FE30H HSH 20158 A

PETE 5 S NAFLD. AR — T A i ik 4108 43 B
T 2006—2008 - 70 51 FLIAE &5 NAFLD &0
RRSEB R, g RonhrE Ik A 5 2587 S
35%E LT NAFLD, b @ fiH e . 2508
MR 8 25 K% v 5 R I A K Bk HA e R 1.
AU FUUESE, S E SR 255 NAFLD A BAtk
52, RIS HEE ) NAFLD 82 i fth 58 255
LY. Saphner ZPA[EIE /ST T 1992—2000 £ 1
105 %44 JF NAFLD BFLI i, Horp 2.2% 8%
E IR A 5B 254 55, NAFLD 1] -5 24 5 4 o
16 T Shfe 0 0 B, 14 61115 24 5 e K
FRE A IEH . Nishino 25PHRIE 79.3%AM 548 35 sk
NAFLD ¥ TE)E 1~2 FENKREIER, M
NAFLD [ 7" 5 A 2 i )R] G BRI &R
1.2 EAHR

[ A AT — SR RIS . 5K % R
LEH IS RIVE AR B g A= 2511 67 9 B E HEAT 43
Br» KIMFLH A NAFLD 15 251447 23 $1Cly 34.3%)+
FFEhBE W 1047 17 91 (7 25.4%). Eker st
217 FLIREA S R A 53 55 3 AT R
W AR AR, RIS ST S, 136
B (66%) I NAFLD, HAS[RISEHE 4 1A] A 5%
HIFRIT S NAFLD i RA7/E B2 5%, 41~60
AR YRG0 R W = T 30 % LA R AR AL,
HEM L 30 25 LU Bl AR08 385 I 32 KT 16 R B A
B SR RS U E A G, AN B
ST IS B S St e e R R
XF 36 491 L A S HIRAR S 2530 NAFLD &4 1)
CT MR GERIAT T BIUBE 4T, R 5L 25
JITEUY) NAFLD DU B DR 38 1 T 195 I 55 o 22 DL
(7 47.2%), 8 Bl iEEAF 2T 3N H~1 FFfa E 1,
b6 BlhFse, 2 BIKE IR, ORISR
NAFLD F %2 i fth S5 255 1) o

B2, EWAMORAT R A RS, KR
P25 TT 5 ) NAFLD, {H L s 2% s A5 F
JEFFTANE, ATRE S A B 25 AT S NAFLD [RIfE
BN G H RTHRIE 5 2 1 £E 5 DR 25 A0 40 44 i
B RS T lE RS 2 B A v DA e
JERRE AT PSR ZE BRI, Bk, TR
A I 6 DR 35 110 L £ A IR At S S5 ik
T2 v N3 2 T R W NAFLD F% 00 o
2 EEZIFEL NAFLD Ms# L85

SERAFFCUESE, bS5 r 5] NAFLD.

Cole %Pl C57BL/6T /MR, 73 3 AL S35 (0.5
mg/kg) SR ROESER 5 d, &5 R EoR 50
YUAH LG, A S B SR AU IE = B H b i 2380 T 72%,
T At B3 S5 40 0T S N BRUTE U T 7 A
Lelliott 25/ A ke A 4245 5 d yi Sh) A 558 35 0 6 00 1
ik, H Wistar K RIEATIERE, 53027 20 AT iE S A
LIS 83% (1)K il HE B Hp S Al v T g i A
PE, BT, (HIF RS B JORENE
Gudbrandsen 25Uk H] SD MEME KB, FT 40 me/d fi
L IFig14d, IR, 2RO RUFIE =B H
IR T 50%, HAME R Kt — ek
FERIT . H AT ) SL i A5 (1] 2 4F 5~14 d,
LR E I iR A S8 S A RN 22, A%
JE I 1 I RN (W] A5 7 X503 S T ik AE— 28
WF 93 A 555 25 K () NAFLD, A4 & 15 i &
NASH FUFFhE AL 4
3 fEEZIFEA NAFLD 894§

KT NAFLD ARALE] L H A A A A
HJ ({72 Day M1 James $2H 10 “ AT 2w,
S5 URHT o BI85 S DR 5 S 14D JEE U P R 7 1 i A A
B, TERCRAERRIIT: BRI TSP R R T
Wiy, bR SEAC N RN i o Sk, TR “ Ik
FTe7 7, 123 Rt S A I B A B TR 1 X 4 2 e ¢
FEARWRGYENR D7 PRI R I3 — 22 T BT AR 4L
PFZ AL 4 S BUFIE b s g B (D
PIEER R T I 20 2 000 T e P 38 i s IR Ak e A
WSR2 s (2) FFAE MK B e R 1) 184
s (3D NEWERRAIAALAZBH; (4) FFHRAARG 3 P i 2
FH (VLDL) HJ& RS =B H g A2 0. A,
AN R A R ARG N s oR SRR TR . JHF4i i
PRI s hn 4 B N IR B A Abdsks b LA
S =T ) RIS NE H sk b3 T 512 NAFLD.

i BEE R R NAFLD LI AN, H A
Bl HR LT 78 BRI T ah s, i H
SR — o RSN FEUTIE IR AR LN @A
(1940 B2 3 b7 o
3.1 BERAEREYERK

[ B 15 O 4 A B 1 (SREBPs) &)@ Tl
2T - BF - W2JE (bHLH-Zip) FIEMIH: 571,
SREBPs 45 3 M 5i: SREBP-la. SREBP-lc Al
SREBP-2, . SREBP-1c &4 IF T i 107 2 ik
R EEA (90%) M), SREBP-lc I #4530 g
O R A5 1 1 SR Tl i DR 021, A4 ATP KA IR 4t



LR S

Drugs & Clinic

3% HsH 201548 A © 1043 -

i (ACL). ZEkiilE A BAUE (ACO). BN A
Bl (FAS). HHIGMEHNG A 1A (SCD) FIH
M-3-BEMIERL L B M (GPAT) %1225, Hif, 7
M BEE 55 % NAFLD [Ishyscit b, 6Tt
SFA) SREBP-1c B¢ L ik BRI A I L 45 SR AN
Ao Cole 25 HRIETE X HE ZH A 55 55 b B 4 (171N
UIFHE R SREBP1 Al ACC ] mRNA £ iE /KW
75, A SE 25 A BRI BRI E FAS mRNA 7K
SPHEIN 200%, HIET ACC (3G, FFHEM kK
AR E TR (P<0.05), Bk, il
TA A At B 25 A TR 1 o g U R ) T R
/N NAFLD. Gudbrandsen 25! AF5T % B0 At 5 5
I AT B IE S SCD1 3 1T mRNA /K
-, (HAlSEESF R LU ACC. FAS [5G R %,
J£ HF i FAS ) mRNA Ki&, 17 GPAT Al i3k
HMBEL N (DGAT) WRETESS N, 1Ak
ACC.FAS Wi PE 1) B n] 6842 T P9 =% H 9 7K -3
I — MR S N, GPAT. DGAT 3% P ()2 i vl
FECH MBS A R, Rk, AN = H A
5 RT3 e S SO g TR S A0 SR A Lelliote 250
TN Sy 7 Ath 587 25 A BT f K R A 0 X T 4K
BUITEH SREBP1 ) mRNA F£ik/KFEL 25, 1
FAS. SCD. ACC ff) mRNA Fik/KF TP, S5
JHFRIE N Sk A5 e I IR T B o N R 4l M 5 R R R T
b B 2575 A HT 40 I 1D AR PR B AL, R IR A B
H5FE mRNA FlEE H /K3 n 84 SREBP-1c.
FAS. SCD Fl ACC 7F HepG2 41 H ik,
U, A B 2R AT e W 42 R SREBP-1¢ 1)
B SR IR — 20 B IL R IR AR R R AR
I, T T 4 M P = ek g A R P
3.2 BERAERRY B &L

CPT1 LR AT B A3 1 R >,
Cole 25PWF R BL, A3 35%t N U E CPTL )
mRNA FikVEA M. Gudbrandsen 25! fth 55
HEIEAS LM K U IE CPT1 I35 2 S mRNA 7K,
H HAS SR B Ak B A ) IR A R0 TN I
B A 1. SR, Lelliott 25U RIS A Bl 558 2%
BESZE N FAS (MRIAFIETE, M5 | iy — B
Mg A [PEREE, TN —BEAIEG A J2& ORI 2k Ng D
1% B LIS, e LA CPT1 R3S, A
T B T ER 1) B S8k (R, HEMI A WA A
380 BT S AR I R A8 A 52 BHL TT i A2 At S 25 BT BUF
UG 7 A P 1 2 PR 2R

33 =EBHMMEEEE

Kwak 2ECFGTRAE, A58 254 31 I =
Bt K7 T v 2 A Bl I = B KPR
B, DRIHPRBEAL L S5 vT e s P I - IE VLDL 4
e o Wh . VLDL S48 H A = I H- itis 4 20 H- A1 1)
FEEA, E—MOEEIEEA B (ApoB) & ZFl
JEZE C b H a9t 2 ] A L] B S 25D (K
TORE, 7 BT 40 A R Y R 4 T Y. ApoB 2
VLDL 5 B[R (4132, — sz 5 fl shi se
K HHEAT THFST. Gudbrandsen Z5UE A 558 2%
PR AR NAFLD [FsE8 b RIL, Ahsii S5 ab s 5
W/ = 1 A = L = | I 2
BEAL TR L JE [ P i S i P 5 7 R B, i FE
ApoB 7K AR, K% EEG&E 1 (LDL) SZ{kF
VLDL 2R RIEACP AR NS, B fh s
SFFFANEEMG VLDL (233 S R Wi i . H A, 13
A B4 K B A 553 55 T 301 NAFLD 5 VLDL
HIZHEe . s fe =k Hih i ie 4 %
34 WEHEERIER

b B S5 — Pl R S A E B R, AT
il 7 e N TN SN B 2 (19 RE 0] 2 G G|
U, HERTE S ISE R ) NAFLD wf fig 4 5 M &
VEH B ANHIAE 5% WS R B, 5 A i 5 IR e 2k
(ArKO) [/NREeZ WRHERES R, SR E ™ E
) NAFLD, 75 7 lig55 DA R 55 /) B 5 B A 70 /) BUAH
Bt HCPPUE A (B B S, b 78 AN T
5, WZALEREIRR, AR AR A, K
AN MR R 2 5 TSR IR A, M
SR FIRAR AN BT S U™ E (K NAFLDP*,
{0 2% P450 170 i (CYP17) &2 SMERE A
(N, CYP17 3% 1 B il (i 25 5 2
B, L CYPL7 3% I 55 T I 4% 52 1 AR P,
Ohnishi ZPYF50 R I, CYP17 JEDR 21 HAth
H 5K NAFLD [FRURPERISC, A s 25 nl fE
3 8 sk HO R (R F T 5 X NAFLD.
4 Z5iE

fh BE ST R NAFLD HIREIE FHAE IR BFST
KA se rp S BIESE, AR BT AR S 2 A%
i H R AT S S5 FA, e ) 2 v T e
B ARBHPE RIS BB IR TT o A 2009 4S5 [H [ 37
CEGRIEM 4% (NCCN) $5Fa ol , 768 W
Y25 HBAT R A 20 50 S Th REIRT, fh 355
R IEVEIT I 250 . BRI, ol B8 254



1044 +

LR S

Drugs & Clinic

FE30E HeW

201548 A

NAFLD (¥R S A3 00 B2, i B 96 b 55
S NAFLD & H il R _E—>ak i AR P i) # L
A, R H AT S SR 51 NAFLD ALt
177 L5050, EIEAHLEIAET, X AT A N
MR KRB BTl WARGWFAL S H 51
NAFLD (BN IR AT AL AT S0 PR 1 B i
FAT HE Y PR R SCRI A N I A 4o

5% 3k

(1]

(7]

[10]

Boyle P. Triple-negative breast cancer: epidemiological
considerations and recommendations [J]. 4Ann Oncol,
2012, 23(suppl 6): vi7-vil2.

Harrell J C, Dye W W, Harvell D M, et al. Estrogen
insensitivity in a model of estrogen receptor-positive
breast cancer lymph node metastasis [J]. Cancer Res,
2007, 67(21): 10582-10591.

Tomao F, Spinelli G, Vici P, ef al. Current role and safety
profile of aromatase inhibitors in early breast cancer [J].
Expert Rev Anticancer Ther, 2011, 11(8): 1253-1263.

Lee M H, Kim J W, Kim J H, ef al. Gene expression
profiling of murine hepatic steatosis induced by
tamoxifen [J]. Toxicol Lett, 2010, 199(3): 416-424.

Cole L K, Jacobs R L, Vance D E. Tamoxifen induces
triacylglycerol accumulation in the mouse liver by
activation of fatty acid synthesis [J]. Hepatology, 2010,
52(4): 1258-1265.

Bruno S, Maisonneuve P, Castellana P, et al. Incidence
and risk factors for mnon-alcoholic steatohepatitis:
prospective study of 5408 women enrolled in Italian
tamoxifen chemoprevention trial [J]. BMJ, 2005, 330(7497):
932.

Akhondi-Meybodi M, Mortazavy-Zadah M R, Hashemian
Z, et al. Incidence and risk factors for non-alcoholic
steatohepatitis in females treated with tamoxifen for breast
cancer [J]. Arab J Gastroenterol, 2011, 12(1): 34-36.
Saphner T, Triest-Robertson S, Li H, et al. The
association of nonalcoholic steatohepatitis and tamoxifen
in patients with breast cancer [J]. Cancer, 2009, 115(14):
3189-3195.

Nishino M, Hayakawa K, Nakamura Y, et al. Effects of
tamoxifen on hepatic fat content and the development of
hepatic steatosis in patients with breast cancer: high
frequency of involvement and rapid reversal after
completion of tamoxifen therapy [J]. AJR Am J
Roentgenol, 2003, 180(1): 129-134.

gRAE T, SN B AR B 5 ] = IR AU SR R S R 2
JrEL (). PER RS EIMEE, 2005, 11(6): 493-494.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

EKAL, WO, RO, 5. FLIREAR G th S E 2
STEURMIT (9. " EH 224, 2010, 19(21): 2016-
2018.

KO, F O Y, S AR S =R AR
fe Wi I 36 B0 #r (0], 52 BE 2% 2% 3%, 2010(13):
2362-2364.

Lelliott C J, Lopez M, Curtis R K, et al. Transcript and

metabolite analysis of the effects of tamoxifen in rat liver
reveals inhibition of fatty acid synthesis in the presence of
hepatic steatosis [J]. FASEB J, 2005, 19(9): 1108-1119.
Gudbrandsen O A, Rost T H, Berge R K. Causes and
prevention of tamoxifen-induced accumulation of triacylglycerol
in rat liver [J]. J Lipid Res, 2006, 47(10): 2223-2232.

Day C P, James O F. Steatohepatitis: a tale of two “hits”?
[J]. Gastroenterology, 1998, 114(4): 842-845.

Tilg H, Moschen A R. Evolution of inflammation in
nonalcoholic fatty liver disease: the multiple parallel hits
hypothesis [J]. Hepatology, 2010, 52(5): 1836-1846.
Anstee Q M, Goldin R D. Mouse models in non-alcoholic
fatty liver disease and steatohepatitis research [J]. Int J
Exp Pathol, 2006, 87(1): 1-16.

Brown M S, Goldstein J L. The SREBP pathway:
regulation of cholesterol metabolism by proteolysis of a
membrane-bound transcription factor [J]. Cell, 1997, 89(3):
331-340.

Pettinelli P, Obregon A M, Videla L A. Molecular mechanisms
of steatosis in nonalcoholic fatty liver disease [J]. Nutr
Hosp, 2011, 26(3): 441-450.

Horton J D, Goldstein J L, Brown M S. SREBPs:
activators of the complete program of cholesterol and
fatty acid synthesis in the liver [J]. J Clin Invest, 2002,
109(9): 1125-1131.

Horton J D, Shah N A, Warrington J A, et al. Combined
analysis of oligonucleotide microarray data from
transgenic and knockout mice identifies direct SREBP
target genes [J]. Proc Natl Acad Sci U S A4, 2003, 100(21):
12027-12032.

Chow J D, Jones M E, Prelle K, et al. A selective estrogen
receptor o agonist ameliorates hepatic steatosis in the
male aromatase knockout mouse [J]. J Endocrinol, 2011,
210(3): 323-334.

Strable M S, Ntambi J M. Genetic control of de novo
lipogenesis: role in diet-induced obesity [J]. Crit Rev
Biochem Mol Biol, 2010, 45(3): 199-214.

Zhao F, Xie P, Jiang J, et al. The Effect and mechanism of
tamoxifen-induced hepatocyte steatosis in vitro [J]. Int J
Mol Sci, 2014, 15(3): 4019-4030.

Nakamura S, Takamura T, Matsuzawa-Nagata N, et al.



LR S

Drugs & Clinic

FE30E HeW

201548 A * 1045 -

[26]

[27]

(28]

Palmitate induces insulin resistance in H4IIEC3 hepatocytes
through reactive oxygen species produced by mitochondria
[J]. J Biol Chem, 2009, 284(22): 14809-14818.

Serviddio G, Giudetti A M, Bellanti F, et al. Oxidation of
hepatic carnitine palmitoyl transferase-I (CPT-I) impairs
fatty acid beta-oxidation in rats fed a methionine-choline
deficient diet [J]. PLoS One, 2011, 6(9): €24084.

Kwak D H, Lee J H, Kim D G, et al. Inhibitory effects of
in 3T3-L1 adipogenesis by
regulation of Raf/MEK1/ERK1/2 pathway and PDK1/Akt
phosphorylation [J]. Evid Based Complement Alternat
Med, 2013,2013: 413906.

Higashi Y, Itabe H, Fukase H, et al. Transmembrane lipid

hwangryunhaedok-tang

transfer is crucial for providing neutral lipids during very
low density
reticulum [J]. J Biol Chem, 2003, 278(24): 21450-21458.

Liang J S, Kim T, Fang S, et al. Overexpression of the

lipoprotein assembly in endoplasmic

tumor autocrine motility factor receptor Gp78, a ubiquitin

protein ligase, results in increased ubiquitinylation and

(30]

(31]

(32]

[33]

[34]

decreased secretion of apolipoprotein B100 in HepG2
cells [J]. J Biol Chem, 2003, 278(26): 23984-23988.

Moro L, Arbini A A, Hsieh J T, et al. Aromatase deficiency
inhibits the permeability transition in mouse liver mitochondria
[J]. Endocrinology, 2010, 151(4): 1643-1652.

Hewitt K N, Pratis K, Jones M E, et al. Estrogen
replacement reverses the hepatic steatosis phenotype in
the male aromatase knockout mouse [J]. Endocrinology,
2004, 145(4): 1842-1848.

Nemoto Y, Toda K, Ono M, et al. Altered expression of
fatty acid—metabolizing enzymes in aromatase-deficient
mice [J]. J Clin Invest, 2000, 105(12): 1819-1825.
Nemoto Y, Saibara T, Ogawa Y, et al. Tamoxifen-induced
nonalcoholic steatohepatitis in breast cancer patients
treated with adjuvant tamoxifen [J]. Intern Med, 2002,
41(5): 345-350.

Ohnishi T, Ogawa Y, Saibara T, ef al. CYP17 polymorphism
and tamoxifen-induced hepatic steatosis [J]. Hepatol Res,
2005, 33(2): 178-180.



