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Abstract

Liver fibrosis results from the build-up of collagen in the liver, initially acting as a healing mechanism: however, excessive
accumulation progresses to liver cirrhosis, the advanced stage of liver disease. While numerous studies have been conducted
to develop treatments to alleviate liver fibrosis, no effective therapeutic approaches are currently available. In research,
carbon tetrachloride is commonly used to induce liver fibrosis because it generates reactive radicals that damage hepatic
tissue and disrupt lipid metabolism, thereby intensifying inflammation and fibrosis. Adipose tissue, which is critical for energy
storage, also contributes to toxin metabolism, where elevated CYP2E1 levels can lead to adipocyte death and exacerbate liver
damage. Extensive research has shown that interactions between various organs are key to understanding the pathogenesis of
liver diseases, with the relationship between the liver and adipose tissue being a particularly significant area of focus.
Understanding the underlying mechanisms linking the progression of liver fibrosis and adipose tissue may provide valuable
insights for identifying potential therapeutic targets. In this study, we explored the interactions between the liver and adipose
tissue, focusing on the interplay involving the anti-apoptotic gene Bc/2 as a potential mediator in mitigating fibrotic

progression.
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oA A AW EAeH( Metabolic dysfunction-
associated steatotic liver disease, MASLD)®] 7t
skl Fagt ¢olo g By E Y Qltk(Heyens et
al., 2021). & €9, A¥E =S ol-&oto] M-/
o] g 1l 71-& Astr] flo) Al StetA-of HhE
FolE F3 MRk T 2 11 71 A7
gdsHA R8s Qlry, Ao S48 AMdete A=
CYP2E1°] &l3}l CCI3 - (Trichloromethyl radical)
CCI300- (Trichloromethyl peroxy radical)s 5H$
Jol & iz (Radica) 2 A= o] A E & /435t
£ B3} AHES e A7), 218 9] 3184 2
tZ(Peroxyl radical)e] A4S Fxste] At 2
A2 2] IAME FEAIZITKScholten et al., 2015;
Ravichandra and Schwabe, 2021). &3], Atg3FE4A
9] 349 eE2 494 I KCentrilobular necrosis)
E fdcths A= dfA QIATE CYP2ET /82 A
ST FES AFgSte4o] o7t EAjo] FAdh
CYP2E19] THIA-E ot 7, Ardshetaof ot 7h4d
2P ST g A Qo e AFg st
o) 2|kl o] gHdo] Asf=lo] F/g Aol VLDL
(Very-low-density lipoprotein)®] FEZ HEE] ]
Zofl, kM| 2Hf o 2 9] HhEo] o] )Xt} o] 2t 1A
o] ®BEEEo]l 27t YA 2 ZH(Hepatic
inflammation) &2 AT Mat ofg}, IHE5HE A
A 7eto = 25 &4 Qlek. whebA], RA|E L] AL 7
= W2 A2 S Ao £
S FEA7lE AdEEREE Ut
okal @lth(Scholten et al., 2015).
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2.1. AHstERR0f| o3t ZHE Bl R

AlESEAE 12-145%9] Wildtype (WT)<t
Adipocyte specific Bcl2 TG (C57BL/6] background)
F7 vReAo) 3= 23] 10% AFFEEEAE Olive oiloll
slMsto] B2 FARE Algsknt. 270€(0.25 ml/kg
Atastets; F 163]) ¥, ukAE Bt @4, 1T
23 A9 2A(Epidydimal, Subcutaneus adipose
tissue)S &5t EH Adipocyte specific Bel2
TG "F-2(Bel2 T80l i 857t AHdstet A s &
Stof Zhark 2e] AR-3t A A= E Frkekinh
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Yok, BT BA71E olgste] 8% WA, 557
2 gl 7o) 2442 Wrisanh. 2H 240 QTS
$o]7] JhA 19 G FUAL 2HTHE 240
olgstgon, APxAY FoL Hxol4 Helg

o
-

Epidydimal fat((+22F219H) 7} Subcutaneus fat(T]
eS| ARESHATE 2t 282 10% 578
zagdo Yol XS AlA, Deparaffinizationy}
Rehydration I4-& 714 Z4] Processing= =3t
% Paraffin-embedded tissue® 4 ym F7= #4
sttt EHH 228 H&EH T} Sirius red staining
AR E, o] & Bt @n-Z o] 8ot HAS AAISH

o= =2
.

w

2.3. RT-gPCR £

Total RNAE TRIzol® (Thermo Fisher Scientific)
= o]§sto] XtxA T} A2 0 2HE total RNA
€ F2911, total RNAE qPCR RT master mix
(Applied biosystems)E ©]-&5F cDNAZ A5
. SYBR Green Real-time PCR Master Mix
(Toyobo)E ©|-83ll4 RT-qPCRS AAst9eH, e
AY A3te= Duplicated EI9ITh mRNAS] Id2
b-actin®= Normalize § ¢ 2= 24513
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Fig. 1. Development of fibrosis of the liver and adipose tissue due to chronic exposure to carbon tetrachloride. A, Schematic
diagram of long-term carbon tetrachloride exposure to experimental animals; B, Microscopic observation of the
degree of fibrosis through Sirius red staining of liver tissues; C, Gross changes and weight of adipose tissue after
chronic carbon tetrachloride exposure; D, Liver tissue, subcutaneous fat, and epididymal fat were subjected to
RT-gPCR analysis; E, Subcutaneous fat and epididymal fat tissues were subjected to Sirius Red and H&E stainings.
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E3], AW AY=x2Z <2 Epididymal fatellA<]
Adipocyte death ¥ A3V} =2 =02 WAt

A2 544 AastEArt 2 9 OE A7)0k
o= JFS 7S FRIT 4 AUt AH9Et
A 0] 2o et 213291 J3FS Kt Yoo =l
5171 $151e, Anti-apoptosis®ll A5H= B2 At
S HAAXA AFA L] AFE(Adipocyte death)E
AISHE uk A AR A Bo/2MiroTe uko A S 0]-85}
it oF A} 55| C57BL/G) WTH Be/2MiroTe
a0 AFRSEAE o] 83t IH-FRME fEste] &
gt AES o] 83 A B2 F IFAolofl=
T, B, dE] Aol ERIEAE SktH(Fig.
24). SHA|TE, 7oA E2]8F Polymorphonuclear cells
(PMNC)E ©]8sto] FACS 4%t A3} Adipocyte
deathE ATt sERHoNA 7Fo = HaF= S5T
9] 27t AASH Eo5E AT & ASH(Fig.
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Fig. 2. Inhibition of adipocyte death ameliorates the progression of liver fibrosis. A, Complete blood cell counts were
performed; B, Isolated PMNC from liver tissue were analyzed using FACS analysis; C, Sirius red staining was
performed using liver tissue and epididymal fat tissues; D, Total RNA was extracted from liver tissue and fat tissue

and RT-qPCR was performed.

(Fig. 20). ol=|gt Ax& SrAs] flof 7t A=
Z|(Epididymal fat)& ©]-85t RT-qPCR= AAlst
9.2, Fibrosis-associated gene¥t Z|®=x2]of|A]9]
lipolysiset ATE 72| Wrdo] Be/2MdireTe upo- A
oA FHAEHe IS AFHez FPE & A
(Fig. 2D).

2 gz2 2 98 FoA A]E A5t BEs)
= 9t B o, 2848 544 24y s/ E &
A7) treFst 87 o d EEE S5k AlYolA =
2 5o 54 B4 4RI At AHERA A E
cytochrome P4509] Isozyme, £35] CYP2E1°] =7
Wrastar Q7] wioll T ©<=9] oflvz] Ao 715
B olyai(Aubert at al., 2011), Biotransformation
olghs WAL Ae] 75 2 ogtof o5 @

A7t o] A 2L leK(Sebastian et al., 2011). EgF,
T Aol MY 33} Zo] AFEE FUtt 54
E729] Adipocyte death ¥ LipolysisE +EA17]™
o] It A 529 Free fatty acids”} Portal veine
B0l 7to= o]Fsto] TS B oAt L &
A ItHKim at al., 2019; Park at al., 2023). &
ATE Foll A7 AR AE SOl ALk MR
3F= op7| ARl RElof| A SuEAIE Epididymal fatell
A= Z71H 4631 9 Adipocyte death® Eols 4
Aom, o= Aol F4H AFASFErA 0] UK} ]
Wz A o] 4] Biotransformation®©] @ojubw A=A
4 HasE gt Zleg E 4 gl Adipose
tissue-liver axis®] W&ol Adipocyte deathE <]
A|5}= Bel2 transgenic mouse (Bc/2 24P mouse)



1020

=

= o]-gsto] AFAstEAe] 9
< o, Adipocyte death®] &%
3to] zlax} o9 AT Aol
o] & &3l Multiple organ® Cross-communication
9] 7Fs/dE HHE 4 ATk

LEGE
Z~d}
- =

0]6 o
AR =

2

o
-

Shetde] kEH FEREolA
9] Ad-7-2}et Anti-apoptosis
5t Adipocyte deathE ARt
ol-gsto] 7+ A 2= o] M58} Xl A
oot & A-Ratet AP Ao A-g-& 71
skt Sth Adipose tissue-liver axis®] EhojlA|
Adipocyte death 9A|o}= Bcl2 transgenic mouse
(Bcl2 M7 emouse) S o]-g5to] Abdsterao] ot 7t
ARet f =g Akt 1 29 B F717E AR
A5 Fol =0 RIS o |AIX] BEoA &
nlEA% Epididymal fatolAE E7Hd Aast 2
Adipocyte deathE &I 4= STt Aol S5
AtBlerao] dEI} 292 Ao A Biotransformation
o] dojub Mz=4d 9@ HR3E U Ao=s &
= Atk E3E Bel2 transgenic PFEAE AHFE A 9]
AR A= QS Eet ol g, 7he] AR3te] 119
HA] WTH H W3S wEoh AZ|5HA Aot= 2=
SIS 4= S1QT). o] 2§ AE vt o & A E 2|9
Adipocyte death® AAISIlS wf v 7Hagke] X
Pz FFE vA|H, o]E F5 Multiple organ®]
Cross-communication= ©|dfiot= o] w¢ 52 %
= AARRIT B & Aol A2 RE MRkt
A ZAO] FoAg 55 AN Z1ZA=E Al

u 2 0
T4+ 9

d

=
=

-

ol
=

st

REFERENCES

Aubert, J., Begriche, K., Knockaert, L., Robin, M. A.,
Fromenty, B., 2011, Increased expression of
cytochrome P450 2E1 in nonalcoholic fatty liver
disease: Mechanisms and pathophysiological role,
Clin. Res. Hepatol. Gastroenterol., 35, 630-637.

up 3]

Fujii, T., Fuchs, B. C., Yamada, S., Lauwers, G. Y., Kulu,
Y., Goodwin, J. M. et al., 2010, Mouse model of
carbon tetrachloride induced liver fibrosis:
Histopathological changes and expression of CD133
and epidermal growth factor, BMC Gastroenterol.,
10(79), 1-11.

Heyens, L. J. M., Busschots, D., Koek, G. H., Robaeys,
G., Francque, S., 2021, Liver fibrosis
non-alcoholic fatty liver disease: From liver biopsy
to non-invasive biomarkers in diagnosis and
treatment, Front. Med. (Lausanne), 8, 615-978.

Kim, S.J., Feng, D., Guillot, A., Dai, S., Liu, F., Hwang,
S. et al, 2019, Adipocyte death preferentially
induces liver injury and inflammation through the
activation of chemokine (C-C Motif) receptor
2-positive macrophages and lipolysis, Hepatology,
69, 1965-1982.

Liu, Y., Meyer, C., Xu, C., Weng, H., Hellerbrand, C.,
Dijke, P., Dooley, S., 2013, Animal models of chronic
liver diseases, Am. J. Physiol. Gastrointest. Liver
Physiol., 304, G449-468.

Park, S. H., Seo, W., Xu, M. J., Mackowiak, B., Lin, Y.,
He, Y. et al., 2023, Ethanol and its nonoxidative
metabolites promote acute liver injury by inducing
ER stress, Adipocyte Death, and Lipolysis. Cell. Mol.
Gastroenterol. Hepatol., 15, 281-306.

Ravichandra, A., Schwabe, R. F., 2021, Mouse models of
liver fibrosis, Methods Mol. Biol., 2299, 339-356.
Scholten, D., Trebicka, J., Liedtke, C., Weiskirchen, R.,
2015, The carbon tetrachloride model in mice, Lab.

Anim., 49, 4-11.

Sebastian, B. M., Roychowdhury, S., Tang, H., Hillian,
A. D., Feldstein, A. E., Stahl, G. L. et al., 2011,
Identification of a cytochrome P4502E1/Bid/Clq-
dependent axis mediating inflammation in adipose
tissue after chronic ethanol feeding to mice, J. Biol.
Chem., 286, 35989-35997.

Zhang, C. Y., Yuan, W. G., He, P., Lei, J. H., Wang, C. X.,
2016, Liver fibrosis and hepatic stellate cells:
Etiology, pathological hallmarks and therapeutic
targets, World J. Gastroenterol., 22, 10512-10522.

in

* Assistant Professor. Seol Hee Park
Department of Companion Animal Health, Hanyang
Women's University
peanutjellycookies@gmail.com



	만성 사염화탄소 노출로 유발된 간 섬유증 마우스 모델에서 지방세포 사멸 억제를 통한 지방 및 간 섬유증 개선에 관한 연구
	Abstract
	1. 서론
	2. 재료 및 방법
	3. 결과 및 고찰
	4. 결론
	REFERENCES


