Lesson 5. The Effects of Obesity on the Liver
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Complications of obesity (co-morbidities) include:
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Insulin resistance and propensity for T2DM
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Liver dysfunction, including fat accumulation in the liver -- today’s focus
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Complications of T2DM include vascular and microvascular complications
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Concepts will include the role of excess adipose tissue as a cause of
stress, such as the release of free fatty acids, that can promote the

development of fatty liver disease.
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Cell types in the liver will be reviewed.
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The “2-hit” hypothesis, including diet and inflammation, in the
development of hepatic steatosis will be discussed.
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What is fatty liver disease?
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NAFLD (non-alcoholic fatty liver disease) is 10,000,000, NASH(non-alcoholic steatohepatitis) is 1,000,000
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First, review of Lesson 4 4£9 £4MAIIXEDEE

e Hypercaloric/high fat diets result in expansion of adipose cells (hyperplasia);
this might not in itself be detrimental as FFA are esterified as TG
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 However, when expansion limit is reached (hypoxia; recruitment of pro-
inflammatory macrophages, some adipocytes deteriorate)
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* Visceral adipocytes are especially vulnerable
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First, review of Lesson 4 %9 £4EIIFENDEET DO

* Debris from dead and dying cells acts as a danger/damage signal, recruiting M1
macrophages to the site of injury
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* Increased FFA may be detrimental, as FFA 1) SAT FFA activate TLR4; 2) FFA can damage cell
membranes
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 |f BAT can be activated, or if WAT can be converted to “beige” adipocytes, it may be
possible to convert stored energy to heat (thermogenesis). Rodent studies support this
concept.
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Today: Role of excess adipose tissue as a cause of stress, such as the release of free fatty
acids, that can promote the development of fatty liver disease.
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ORIGINAL ARTICLE

Adipocyte Death, Adipose Tissue Remodeling, and Strissel et al. Diabetes
Obesity Complications 56:2910-2918, 2007.

Katherine J. Strissel, Zlatina Stancheva, Hideaki Miyoshi, James W. Perfield, II, Jason DeFuria,
Zoe Jick, Andrew S. Greenberg, and Martin S. Obin

 Example from experimental study of DIO mice:
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 Mice were fed high fat diet (HFD) for varying times: 0, 4, 8, 12, 16, 20 weeks
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e Adipose tissue and liver changes were measured
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Changes in BW and adipose tissue (eWAT) were progressive, reached a
maximum and then remodeling

occurred
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Cell size increased by 8 wk, then, around
16 wk, decreased (remodeling)
HMERARIISEARTIER., $916:B/MET
B (BEE)T S,

Evidence that, after reaching a “maximal
expansion,” AT undergoes remodeling.
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ADIPOCYTE DEATH AND OBESITY COMPLICATIONS
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Study confirmed macrophage infiltration of eWAT, around 12 weeks of HF diet,

and showed that these macrophages are making pro-inflammatory cytokines
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Micrographs of liver after weeks of HFD-induced obesity: fatty accumulation

after 12-20 weeks
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Hepatic changes were
subsequent to expansion of
adipose tissue

16 wk

FlIG. 8. Hepatic steatosis daring N0 is associnted with loss of AT mass. Ar Liver weight {adjosted for body weight) of mice fed o HF diet for 1,
4 8, 12, 16, nmd 20 weeks. B Inverse association of «AT mass and Bver weight {as in 4) between DI weeks 12 and 20, ¢ Representative
micrographs of hematoxylin and sosin—stained liver sections demonstrating that hepatic macrostentosis in HF-fed mice is initially evident st DT
week 12 and increases throngh week 200



Cell types in the liver AT D#AREDIEZE

1) Liver parenchymal cells (hepatocytes) RFFEE A (FFHEAE)

2) Sinusoidal endothelial cells £8;R A & fHfid
3) Hepatic star cells FFE A
4) Kupffer cells 7v/\—Hlka
5) Monocyte derived macrophages BEIkEHFE</OT7—
6) Dendritic cells #fHKFHAE g
7) Natural killer cells 7F 5L - F5—(NK)#l iz
Capillary biljﬂ]ﬁft #nSinusoid
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Therefore, the liver contains many cell types, including both
Resident and Recruited macrophages:
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Resident: in blood sinusoids; scavenge cells, bacteria escaped from gut;
particulate matter
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Recruited: Many in parenchyma; monocyte derived, and chemokine
recruited;
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Different extents and causes of fatty liver disease:

B EBDIEEESRHA:
Alcoholic 7J)La—/Lt&E

Non-alcoholic JE7JLa—ILi%E

Diet-induce BEFHRME

Infectious complications RIS Bk

Combined 51

Classification of degrees of severity depend on extent of: EfEE D 7%
fat infiltration; B = EDFRE presence of inflammation; RIEDFH E
development of fibrosis; $R# /L development of cancerous lesions; FETEZE L E



BF 2 (Hepatitis) - BFFA#E ZE (Cirrhosis) - B2 (Hepatoma)
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2 X b k&R Two hits theory

first hit
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” overeating =)
Lack of exercise
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Insulin resistance
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second hit
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Normal Liver ﬂ Simple steatosis ! I NASH

Liver cirrhosis
Liver cancer

How to prevent by Nutrition
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NAFLD: a multifactorial disease JEZ JLa— Lk & 1% 2 B Fi&

E%EE Life style

Poor physical exercise
Diet
Drugs, Xenobiotics

Genetic variants
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Obesity is not a prerequisite for NAFLD: AE;&[XNAFLDD BIRSEETILALY,

“Lean NAFLD” “JERE&IE7 ILa—ILIERERARTIR B

e According to the NHANES Ill, 7.4% of lean adults had hepatic steatosis,
which were more likely to be younger and femaleX.
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* Hepatic steatosis, an initial insult, occurs in the early stage of fatty liver
disease?.
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e Cardiovascular disease and diabetes are shown to be highly associated
with lean NAFLD in the absence of insulin resistance and obesity34.
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1Lazo et al., 2013, Am J Epidemiol 178:38-45 SArulanandan et al., 2015, Clin Gastroenterol Hepatol13:1513-20
2Chalasani et al., 2012, Gastroentrology 142:1592-609 “Birkenfeld et al., 2014, Hepatology 59:713-23




Lean NAFLD mouse studies JERBE&NAFLD Y ARFZE

* Previous study developed a lean mouse model by feeding Parenteral
Nutrition formula orally as an effective model for steatosis?.
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Chow —#RfE Fat-free HCD #RIBBAEBKIEME
* Lipid emulsions, rich in n-6 or n-3 fatty acids, prevented the development
of hepatic steatosis-%34>,
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1Javid et al., 2005 J Pediatr Surg 40:1446-53 3Kalish et al., 2013 PL0S One 4:€59653 5|to et al., 2013 J Nutr 143:253-9
2Alwayn et al., 2005, Transplantation 79:606-8 4de Meijer et al., 2010, J Pediatr Gastroenterol Nutr 50:212-8



Lean NAFLD mouse studies FEARENAFLD VYARFE

* We previously reported that Intralipid® (13.5 en-%), a LE rich in n-6 fatty
acids, improved hepatic TG accumulation and markers of inflammation.
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e Hepatic steatosis is dose-dependently decreased by n-6 LE?.
AERnRAFIEn-6lElfEREL AR DI ETIREEITHAIL TR L=,
 HCD supplemented with 13.5% LE ameliorated liver TG accumulation and

maintained TCA cycle working properlys3.
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* pro-inflammatory mediators increased in plasma In## s KR EEEY T H M

Intralipid® Omegaven®
(FOLE)

ClinOleic®

1lto et al., 2013 J Nutr 143:253-59 2Hao et al., 2016 J Nutr 146:184-90

SHuang et al., Mol Nutr Food Res, submitted work



Preliminary studies— ¥ {i§ 2 E&

A B
Chow HCD-3%LE

T/T ratio
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HCD, HCD, _ |
25wk 5wk HCD oral 2.5 weeks

3% LE in basal diet to 2.5 wk induction period
prevent EFAD 2.5 ) FFERA R
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Study Design WD TH A2

m Chow group (chow)

‘ 5 DN Diet (HCD-5wk)

= PN + Omegaven® (HCDF)

| Induction of steatosis, 2.5 wk | |

Wk O Wk 2.5 Wk 5

Diet Composition: E§H Rk
PN diet (en-%): Fat: 3%; Protein: 21%; CHO: 76%
PN + LE (en-%): Fat: 13.5%; Protein: 20%; CHO: 66.5%
Average consumption: 14-18 mL /day (NS)
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Diet compositions

Macronutrients:
Ma cronufrient NC PN PN+13.5% LE
(en-%)
Carbohydrate 58 76 66.5
Protein 28.5 20
Lipid 13.5 C’:‘) 13.5

Fatty acid composition of lipid emulsions:

Enough to prevent EFAD

Composition (%, w/v)

Intralipid”
Baxter Healthcare

ClinOleic”®
Baxter Healthcare

Omegaven”
Fresenius Kabi

SFAs
Cl14:0
Cl6:0
CI8:0
MUFAs
Cl6:1n7
Cl8:1n9
PUF As
Cl6:3n4
Cl6:4nl
C18:2n6
Cl18:3n3
C20:3n9
C20:4n6
C20:5n3
C22:5n3
C22:6n3

13.2

29.6

513

0.7

13.8
54

61.1

34
14.4
5.0

7.3
15.9

1.0

1.6
40

4.9

1.2

1.8

19.2
1.6
18.8

Intralipid °: n6:52.0%
n9: 29.6%

Clinoleic®: n9:61.1%
n6: 19.7%

Omegaven”: n3:44.5%
n9:17.1%
n6: 5.8%

The only emulsion with n-3 FA 22



Can fatty liver disease be reversed?
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e« Model: ®F I

A

BETEHDOM?

e Induction of steatosis (fat in liver) by feeding HCD (3% lipid) Z i€ CHERAHF
* Treatment of preexisting condition with lipid emulsion (13.5 energy-%)

BRFORRZRERAE (13.5%I%% -) THIE

e Questions: B

e Can we observe biochemical and histological evidence for reversal?

O{8% £1EFH, MFHIBETSLON?

 What differences in gene expression accompany the induction, and the

reversal?
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FOLE reversed hepatic TG level
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FOLE reversed hepatlc steatosis
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FOLE decreased de novo lipogenesis
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Differential Gene Expression Analysis: HCD and FISH OIL (FOLE)
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Research summary ®IEODEH

e Lean NAFLD may be produced by diet excessive in simple carbohydrate

JEREENAFLD (X B FENEE (7 V1-2F) DBFIEMTECS LRI S,

e As we know, the liver (or other tissues) can store only limited amounts of CHO

BEENOD &5 IZHFfigi 3 (thiRig+) — R B LLE D RKIEMIEZETFBETELGLY,

* Presented with excess CHO beyond capacity to store or readily metabolize, the liver
converts CHO to fat (sat and mono FA)

FFBREZEA 5 8% RKIEYISE CRaMiEhEBRC—MAEERICE SIS,

 Fxogenous fat in an appropriate amount and type can prevent the production of
endogenous FA
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e Fish oils, rich in n-3 FAs, exert both anti-inflammatory and anti-lipogenic effects in
mice fed high CHO diet.
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e Results in mice may be relevant to patients fed high-CHO parenteral formulas.
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