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| ntroduction

Obesity and Liver disease are one of the major causes of morditgnortality
in the United States (1). There are many causes of obesitydimg genetic and
environmental factors. As an individuals body mass index incressaees the risk of
associated co-morbidities like diabetes, hyperlipidemia, nonalcoladiicliver disease,
nonalcoholic steatohepatitis, hypertension, sleep apnea, renal eansuffiand
cardiovascular disease (2). By investigating an individual's genbmaht be possible
to identify certain biomarkers or precursors associated witbsa of diseases including
diabetes and NASH. My study aims to examine mMRNA expresdisome genes of the
Wnt pathway and its target genes, two genes involved in fat metabatichkey markers
for activation of Hepatic stellate cells. | will determiméhether alterations in gene
expression correlate with their BMI and/or co-morbidities assedi such as type I
diabetes. | will determine whether alterations in any of #eeg selected could be used
as biomarkers for the early detection of Non Alcoholic Steatohisp@NASH) and
determine the possible molecular mechanisms behind the progredsine disease to

fibrosis and cirrhosis.



Section I: Non Alcoholic Fatty Liver Disease

The liver is one of the largest organs in the human body andeastieédo the
proper functioning of the body. It synthesizes proteins, bile, acids, feidsterol and
maintains a balance of many nutrients and chemicals like glutaisecholesterol,
vitamins, and hormones and aids in the secretion of many products ssidlirudbin,

cholesterol and products of drug metabolism. Liver disease is thus a serioti®eondi

Non-alcoholic fatty liver disease (NAFLD) is the most comniger disease in
the Unites States (3). It resembles alcoholic liver diseladasadefined by the presence
of hepatic macrovesicular steatosis in patients whose alcohol cptignns less than
20g per day. The term NAFLD collectively refers to the broadtsp® of metabolic
fatty liver disorders which varies from just steatosis (NAFLDo steatohepatitis

(NASH), to fibrosis and ultimately cirrhosis and in some caspatbeellular carcinoma

(4) (5).

The manifestation of NAFLD and its progression is complex andomopletely
understood. The causes are multifactorial and could be from an imbdlatween the
uptake of fat and its oxidation and export. However, it is likely that gepegaisposition
plays an important role in determining which individuals are ateasmd risk for

development of NAFLD and for its progression (6).

The first recognized stage of NAFLD, benign steatosis, saigeen the adipose
tissue fat storage capacity has been exceeded. Adipose fmstieularly visceral
adipose tissue, has been recognized as an endocrine organ atdssacvariety of
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hormones, cytokines and chemokines, both pro- and anti-inflammatory migbh play
a role in progression to NASH (3). Transition of steatosis tatatepatitis may occur
when the capacity of hepatocytes to store fat is overwhelmedriyged uptake, local
synthesis or impaired breakdown of fatty acids. This leads to liatioxxausing cell
death and resulting inflammation (7). Other factors suchimenondrial injury, stellate
cell activation and microvascular injury can amplify the pathogprocess that lead to
the development of fibrosis or cirrhosis (5).

Even though major advances have been made in understanding the physdiologic
characteristics of NAFLD, the pathogenesis of this condition aogr@ssion to fibrosis
and cirrhosis are still unclear (8). NAFLD has been impdidah the development of
cirrhosis in up to 20% of the patients (9). Non invasive liver testsotl@iscriminate
between steatosis, NASH and cirrhosis. However a rise iagp&tate aminotransferase
to alanine aminotransferase ratio and low platelet count oftenatedi cirrhosis (5).
There is thus a need for biomarkers that can reliably discriminate Imebhse®l steatosis,
NASH, fibrosis and cirrhosis. At present liver biopsy is the only wa confirm the
presence or absence of NASH and determine fibrotic severiomdkers for early
detection of NASH and of possible indicators of progression to cirrlcosisl enable us

to establish novel therapeutic approaches and thus prevent progression to cirrhosis.



Section I1: Hepatic Stellate Cells

Hepatic stellate cells are responsible for extracellulairirproduction, storage
of retinoids (Vitamin A) and remodeling in the liver (10). HSCs dessified as liver
perisinusoidal cells and have long protrusions that extend froroethéody and wrap
around the endothelial cells. They are found in the Space of Dissedetthe

hepatocytes and the endothelial cells (11).

Upon liver injury, HSCs undergo a significant phenotypic change and convert into
myofibroblasts becoming the principal cells involved in fibrogengis?3. It is thought
that damage to endothelial cells or the HSC-endothelial celixresrly in liver injury
may disrupt normal cell-matrix interactions causing HSCsadhgough a process of
activation or transdifferentiation. The cells exhibit multiplerdes in gene expression,
enlarge, lose retinoid droplets, and proliferate, resulting in enhanterhébrogenesis
and acquisition of smooth-muscle—like features, including expression-syhooth
muscle actin ¢-SMA) (10). The upregulation ai-SMA is considered by many to be a

hallmark of the activated or trans-differentiated myofibroblast phenotype (13)

Autocrine and paracrine factors are involved in HSC activation. filanig
growth factorpl (TGF{31) which may be derived from activated HSCs, Kupffer cells,
and endothelial cells, promotes platelet derived growth factotecelproliferation of
HSCs (10) (14). In general, this receptor (PDE&Feceptor), a member of the tyrosine
kinase family of receptors, is expressed during the initialgbéd$SC transactivation.

HSCs proliferate in response to PDGF-BB as well as PDGRAGT(16). PPARris a
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key element in maintaining the adipocyte phenotype and its downtiegufdays an
important role in HSC transdifferentiation and the increaspdession of type | collagen

(17).

On activation, HSCs decrease their expression of collagen typad\éecrete an
excess of collagen types | and Ill and other matrix moleculssyltmg in altered
morphology of the space of Disse. Endothelial cells lose feeestitad hepatocyte
function is disturbed. This process is called fibrogenesis and mctare process of
extracellular matrix production. When ECM synthesis exceedsajpacity of the tissue
to degrade it, there is a net deposition of type | collagen witliotineation of fibrous
septa and the complete disruption of the liver architecture (18). Tithusgh collagen

degradation mechanisms remain active, they are overwhelmed by ongoingrdsisge

Section I11: Bariatric Surgery

Morbid obesity is a chronic condition that is difficult to treatotigh diet and
exercise alone. Bariatric surgery is an option for people whesererely obese and
cannot lose weight by traditional means or who suffer from sedbesity-related health
problems (19). The operation promotes weight loss and reduces thef rigke 2
diabetes by restricting food intake and, in some operations, interrupngdigestive
process to prevent the absorption of some calories and nutrients (20). There g@efour
of operations that are commonly offered. These include the adjusiabtac band
(AGB), Roux-en-Y gastric bypass (RYGB), gastric sleevé&)(Gand biliopancreatic

bypass with a duodenal switch (BPD) (21).



Figure 1: A schematic diagram of the Roux-en-Y Gastric Bypass surgery
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The Roux-en-Y Gastric Bypass surgery is most commonly usedofémtion
involves the use of surgical staplers to create a small pouble &p of the stomach to
which the jejunum, a segment of the small intestine is atta(®d Food therefore
bypasses most of the stomach and the duodenum, the first part shdhansestine.
Thus the procedure works by restricting food intake and by decget® absorption of

food (23).

The Adjustable Gastric Band works by decreasing food intake.obukeiftake is
limited by placing a small bracelet-like band around the fajpe stomach to produce a
small pouch. The outlet size is controlled by a balloon inside the bahdan be inflated
or deflated with saline solution according to the needs of the p#&BdnhiThe Gastric
Sleeve procedure restricts food intake and does not lead to a ddorehserption of
food. Here most of the stomach is removed which may decrease poodottihe

hormone - ghrelin which may decrease hunger (23).

As patients undergoing this procedure are morbidly obese, theyndez high
risk for developing comorbidities. It is thus customary to biopsyp#ients liver as part
of the surgical procedure in order to screen the patients for Navhdlic Fatty Liver
Disease, Steatohepatitis or the more advanced Cirrhosis. Theibatuagery and the
resultant weight loss after surgery have been found to bendbcighatients with both
NAFLD and type 2 diabetes mellitus. It has been found that aspfeldsFLD including
steatohepatitis improve significantly with massive weight Id&sversion of type 2

diabetes mellitus with significant weight loss has also beemadaselt would therefore



be interesting to determine the changes at a molecular leatehite responsible for this

reversion, thus identifying possible drug targets for treatment

Section IV: Wnt Pathway

Wnt signal transduction is one of the central pathways that contreltly and
differentiation (25) (26). It is believed that the Wnt pathwayhie primary means by
which transdifferentiation and activation of hepatic stellatés @gcurs. Therefore, Wnt
pathway plays an important role in the development of fibrosis arftsisr of the liver
(27). Studies have also found that the Wnt pathway is activated in hypgah tiabetes
and that examination of the Wnt target genes can enable further tanderg of the
disease and development of new therapies targeted to the Wnt paiPsjayOur
laboratory is thus investigating the role of Wnt pathway intthas-differentiation of
HSC and is using this approach to possibly identify biomarkerdéiarction of diabetes
type Il and NASH in biopsies obtained from morbidly obese patients gwidgrbariatric

surgery.

The Wnts are a family of 20 highly conserved secreted glycopsotieat regulate
cellular differentiation and proliferation by binding to their Eled (Fz) receptor low-
density liproprotein receptor-related protein (LRP)5/6 coreceptorplex@as (28). It
involves multiple proteins that regulate the synthesis of Wnt signaholecules and
their interactions with receptors on target cells. Three sigaatduction pathways are
activated by Wnt, the canonical Wnt pathway, the planar cell polsathway, and the

Wnt/Ca2+ pathway (27).



In the canonical Wnt pathwayj-catenin is involved in the formation of
transcriptional complexes whereas in the non-canonical pathwayssighals are
independent off-catenin but involve Wnt and its receptor frizzled (Fz). The major
effector of the canonical Wnt pathway is the bipartite transengactorp-catenin/T cell
factor (-cat/TCF) formed by the heterodimerisation of ffeeat with one of the four
members of the TCF family (TCF7, LEF-1, TCF7L1 and TCF7(2B). As shown in
Figure 2, in the absence of WNT, the cellular concentration @f freat is tightly
controlled by a ‘destructive complex’, consisting of the tumor suppresdenomatous
polyposis coli (APC), axin, the serine threonine kinase glycogethasm kinase-3
(GSK-3), casein kinaseal(CK-1a) and phosphorylated ERK (pERK) (30) (31). This
complex interacts wittg-cat and phosphorylates it. The phosphoryldiezht is then
destroyed via the proteasome-mediated degradation process inwddguogin. The Wnt
ligands exert their effect via the Frizzled receptors and_Die receptor-related protein
5/6 (LRP5/6) co-receptors. This mediates the phophorylation of \@ied protein (Dvl
) by CK1 and its binding to Axin. The binding of Dvl to Axin inhibits the
phosphorylation of-catenin by the disruption of a complex containing Axin, ACP and
GSK33. The unphosphorylatef-catenin collects outside the nucleus in the form of a
cytoplasmic pool of free signaling molecules (32). The transtocaif 3-catenin to the
nucleus requires Smad [3.catenin interacts with lymphoid enhancer factor/T cell factor
complex (LEF/TCF) in the nucleus and activates the trancription®whstream target

genes including c-myc, cyclin D1, MMP&-SMA, PDGF$R anda2(1) collagen (33).
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The activation of the Wnt/Ca2+ pathway results in the mobilization of
intracellular calcium, and activation of the calcium sensitiveymes Ca2+-calmodulin-
dependent protein kinase Il (CamKIl) and protein kinase C (PKCa facatenin-
independent manner with experimental data suggesting a requirem@énproteins in
this pathway. An increase in calcium activates phosphatas@ealici, which leads to
the dephosphorylation of transcription factor nuclear factor of aetivatcells (NF-AT)
and its accumulation in the nucleus. In the plane polarity pathwaytivatas JNK and
directs asymmetrical cytoskeletal organization and coordinatedizatian of cells

within the plane of epithelial sheets (34) (35).

Studies have shown that the Wnt pathway is involved in the activatioepztid
Stellate Cells and is thus interconnected with the fibrogen@adasand recently that it is
also involved in the onset of diabetes mellitus type 2 (36). Thersder considered it
important to investigate the Wnt pathway in this study. Herejegeribe the preliminary
experiments carried out to determine the level of MRNA exjoress the transcriptional
factors and target genes involved in the Wnt pathway and therehynaetesuitable
biomarkers to aid the early detection of NASH and the possible reasasowigypatients

have a predisposition to develop fibrosis and cirrhosis and others do not.

11



Figure 2: Schematic representation of the Wnt/B-catenin pathway. It has been shown
that Wntf-catenin signalling involves the regulation of a multiprotein compliexhe
absence of Wnt, GSK-3 phosphorylafesatenin. This phosphorylation is facilitated by
Axin and APC. Phosphorylation di-catenin targets it for ubiquitination §-TrCP
resulting in the proteosomal degradation of b-catenin. Members GIGRALEF family

of transcription factors interact with co-repressors Groucho HDAC-1 inhibiting
transcription.

In the presence of Wnt signaling, Dishevelled (Dsh) and GBBitntthosphorylation of
b-catenin by GSK-3. Thus a free pool of b-catenin accumulaté®ioytoplasm and is
translocated to the nucleus. Nuclear b-catenin binds TCF/LEFctndtas transcription

of target genes (32).
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Materials Methods

Patient Selection: We obtained approval from the Institutional review board at the

George Washington University Medical Center (IRB# 070701). All ndbybobese
patients undergoing bariatric procedures at our institution wees ghe opportunity to
participate in the study. Subjects included in the study were mypudiidise as defined by
the 1991 National Institutes of Health (NIH) consensus meetingobasity: by
definition, a patient must have a body mass index (BMI) of grelager 40 kg/m2 or a
BMI greater than 35 kg/m2 with at least one comorbidity. Co-moregiinclude
diseases such as type 2 diabetes, hyperlipidemia, hypertensitnciobs sleep apnea,
heart disease, stroke, asthma, and back and lower-extremity Wemyintg degenerative
problems. Full informed consent was obtained and documented iniatitpadlecting to

participate. Demographic data were obtained including age, BMI and liver pathology.

Tissue collection: Thirty nine subjects underwent either a standard Roux-en-Yigastr

bypass (RYGBP), laproscopic gastric banding or gastric sig@eadure. Routine liver
biopsies were performed using electrocautery or ultrasonic t@setiver samples
were put into cryogenic storage tubes and immediately snapfiodiguid nitrogen and

stored at -80_C.
14



RNA Extraction: Total RNA was extracted from tissue samples using tregdi

RNeasy Mini kit as described by the manufacturer. Sectionkeofrozen livers (~ 25
mg) were homogenized using a T25 Ultra-Turrax homogenizer (IKAkgyoinc.,
Wilmington , DE) with 600ul of the supplied RLT buffer to which 1@l of
B-Mercaptoethanol per 1 ml of buffer is added. The lysates wergifagatl for 3
minutes at 14000g at room temperature using a 5417R CentrifugentepphaVestbury,
NY) to remove any insoluble material. 1 volume of 70% ethanol wasdattdthe cleared
lysate and mixed immediately by pipetting. 400f the sample was then transferred to
an RNeasy spin column placed in a 2ml collection tube and ceeilifiog 15 seconds at
14000 g. 70Qul of Buffer RW1 was then added to the spin column and centrifuged for 15
seconds at 14000 g to wash the spin column membrane. Thetn 80Buffer RPE was
added to the spin column and centrifuged for 15 seconds at 14000 g to waginthe
column membrane. Once again 5@00of Buffer RPE was added to the RNeasy spin
column and centrifuged for 2 minutes at 14000 g. Centrifugation’s wenedcdaut at
room temperature and flow through discarded in all the above steps.wRN/Aluted
from the RNeasy spin column with 50 of RNase-free water added directly to the spin
column membrane and centrifuged for 1 minute at 14000g. Samples westdfes at -
80°C. The total RNA content of the samples was determined usirithéreno Scientific
Nanodrop ND- 1000 Spectrophotometer (Thermo Fisher Scientific Inc., SanClsby

measuring the absorbance at 260nm. The samples were diluted to contain 1 mg/ml.

15



DNAse Treatment and cDNA synthesis: 1 ug of RNA was mixed with ul of 10X

DNA buffer and treated withful of DNase 1 for 15 minutes at room temperature. The
DNase was inactivated by addingpul of 25 mM ethylenediamine tetraacetic acid
(EDTA) and incubating at 6% for 10 minutes and then placing the treated samples on
ice. Reverse Transcription was then performed on {leRNA sample by adding il of
Oligo dT, (0.5ug/ul) and DEPC-dbD to make the volume 12,8 for each sample and
incubated at 72°C for 10 minutes. Meanwhile, another tube conainig a noktdrgl
First strand buffer, 1l dNTP, 10 mM, 0.5 DTT, 0.1 M, 1ul RNase inhibitor, 40 U,

and 1uL M-MLV Reverse Transcriptase 200 J/(reagents from Invitrogen, Carlsbad,
CA) was prepared. Both tubes were incubated on ice for 3 minutéswddl by
incubation at room temperature for 10 minutes. The two tubes weredngbined and
incubated at 37°C for 1 hour and then incubated at 94°C for 8 minutes. Thew&NA

stored at -20 °C.

Quantitative PCR: The RT-PCR primers were designed using the available oolate t

Primer 3 (http://fokker.wi.mit.edu/primer3/input.htm) and synthesized riggtated
DNA Technologies (Coralville, 1A). The primer sequences usedliated in Table 1
along with the accession numbers and primer size. In order to cahBrspecificity of
the primers, we ran DNA gels of the amplified product, sequeeednplified segment

and viewed the melting curves for each gene analyzed.

A standard curve using GAPDH was prepared to determine thealac
concentration of DNA during each run. A dilution series was preparéag us

concentrations of 15 x fongul to 15 x 10° ngil of the original sample. Two
16



microliters of each cDNA sample or dilution was mixed with 250 efM forward and
reverse primer mix, 10l of SYBR Green PCR Master Mix andu?2 DNase/RNase free
water up to a volume of 20l. Quantitative PCR was then performed using an Applied
Biosystems StepOnePlus Real-Time PCR system. PreviouslyiogdinRT-PCR run
parameters were used as presented in Table 2. The resultamadataalyzed using the
accompanying software providing us with The Cycle Thresholdv@tle defined as the
cycle number at which a tremendous increase in fluorescerfficst idetected. RT-PCR
was carried out in triplicate. The standard curve was prepayreplditing a graph

between the Ct and the logarithm of the concentration of the sample.

RT-PCR was carried out with the different sets of prinferseach gene being
analyzed. Quantification of the samples was performed from thgetétmined using
StepOne software version 2.0 and imparting this value into the lirdaionship
between the Ct and sample concentration as determined from thardtandre (Figure

3).

17



Figure 3. GAPDH Standard Curve. A dilution series was prepared using
concentrations of 1 x £0 to 15 x 1 of the original sample with a concentration of 15
ng/ pl. A plot of the Ct vs Logarithm of the Concentration yielded shendard curve

which was used to calculate concentration of cDNA in subsequent runs.
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Stage ;I;Zér)get Temp ?icr):]ogng (Roga:r;;)p Rate Data Collection
Holding Stage 95 10 minutes 20 Off
Cycling Stage 95 15 seconds 20 Off
Primer T, 1 minute 20 On
Xfaz;ns?s Curve 95 15 seconds 20 Off
60 1 minute 20 Off
95 15 seconds 0.3 On
Coaling 40 30 seconds 20 Off

Table 1: RT-PCR run parameters. The number of cycles was set to 40 cycles during
the amplification stage of each run. Primey i§ calculated using the average of the

forward and reverse primeg, Values obtained from the primer manufacturer

20



Average

Genbank .
Primer Name | Forward Primer | Reverse Primer Amplicon | Accession _||3_rr;1mer
Size Number
CCGCAGCTAG | CCCTCTTTATC NR_003286.1 | 54.3
Human S18 | GAATAATGGA | ATGGCCTCA 76 bp
Human CCAGGTGGTCT| TGCTGTAGCCA 55.9
GAPDH CCTCTGACT | AATTCGTTG 128 bp NM_002046.3
GAGAGCATGA | ATGTAGGCCA 55.7
Human CCGATGGATT | CGCTGTTCTT
Collagenia(l) 149 bp NM_000088.3
Human GTGGTGATCTC | CCTTCCATCGG 55.2
PDGFBR AGCCATCCT | ATCTCGTAA 105 bp NM_002609.3
Human CTTGCCTTGCT | ACATTTGCTGC 54.3
Albumin GAAAACACA CCACTTTTC 130 bp NC_000004
Human GCTTGGTTCAC | AGCAAGGCAA 54.8
Bcatenin CAGTGGATT | CCATTTTCTG | 128bp | NM_001098209
Human o- CTGAGCGTGG | TGCAAAACTTC 54
SMA CTATTCCTTC ATCCCATCA 132 bp NC_000010.9
Human TGAAGGATGC | AGGCATTTCTG 54.5
PPARy AAGGGTTTCT | AAACCGACA | 128 bp NM_138712.3
TCAAGAGGCG | GGCCTTTTCAT 53.7
Human c-myc | AACACACAAC | TGTTTTCCA 109 bp NC_000008.9
GCAACCTGAA | TGACCTTGGCT 56.2
Human TCF7 | GACACAAGCA | CTCATCTCC | 113bp | BC072023.1
AGGACTGCGG | GGGCAAAGGA 56.7
Human TGFB | ATCTCTGTGT | ATAGTGCAGA | 124 bp NM_000660.3
Human GGTGGGCTCCT| CTCTCTGTGCC 56.2
adiponectin | TACAGAACA | TCTGGTTCC | ggpp NM_004797.2
Human CCAGGTAATG | CATCCCTCACC 56
Leptin AGGGACTGGA | TCCTTCAAA 88 bp NM_000230.1

Table 2: Human primers used for the RT-PCR experiments carried out.

21




Results

The results presented in this section denote the difference in kRN of the
various genes tested by RT PCR. Data obtained were analyzédrasi@an of their BMI
or the presence or absence of type 2 diabetes. Wedge liver biapsesbtained from
39 morbidly obese patients who underwent bariatric surgery. Total W&BAobtained

from each sample, reverse transcribed and used for RT-PCR.

In Section |, | present the demographic information and pathology reports of the
32 patients included in this study, their BMI's and co-morbiditgestion 11 describes
the results obtained from RT-PCR experiments. The genes festaded indicator
genes for the activation of hepatic stellate cells andixnaynthesis, fat metabolism,
transcription factors involved in the activation of the Wnt pathwaythedlownstream
target genes of the Wnt pathway activationShation I11, | present the results of the
MRNA analysis of the diabetic obese patients as compared to thdialbatic obese

subjects
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Section |: Patient Demographics and Pathology Report

Sections of liver Biopsies from morbidly obese patients who have werg
bariatric surgery were fixed and stained with Hematoxylin Bodin to assess general
histology. Trichrome stains were performed to evaluate the dejrébrosis. These
slides were evaluated by pathologists without prior knowledge of liheat or
biochemical findings. The degree of steatosis and extent andoloaztifibrosis were
assessed. Table 3 gives the liver pathology reports of the 38tpatieaddition to their
Body Mass Index, presence or absence of Diabetes Mellitus Zyped other co-

morbidities.

However, since each biopsy specimen was evaluated by a wlifferthologist, a
uniform grading system based on the degree of liver damamge @ossible at this point
of time. Thus analysis of gene expression data on the basis ohistelogy will be
analyzed at a later time point when liver histology of the bigpsw@lected is re-

evaluated and graded.
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# Pathology Diabetes Comorbidities BMI

1 | Mild fibrosis Y DM, HTN 27
Mild steatosis, mild perihepatic lymphocytic

2 | infiltrate, no fibrosis Y DM 35.3

3 | Triaditis, no fibrosis N HTN, GERD 36

4 | Mild steatosis, Mild triaditis, no fibrosis N OA 39

5 | Mild steatosis, no fibrosis, no hepatitis Y DM, HTN, GERD, Ul 39.5

6 | Mild triaditis, no fibrosis N HTN, OA 39.5

7 | Mild steatosis, Mild triaditis, no fibrosis Y DM, HTN, OA, SA 40

8 | Nonspecific Mild steatosis Y DM, HTN, OA, GERD 40.5

9 | moderate steatosis, non- specific triaditis N SA 40.55
Mild steatosis, non-specific triaditis, no

10 | fibrosis Y HTN, DM, OSA, DJD 447
No steatosis, lymphocytic infiltrate, no

11 | fibrosis N ASTHMA 44,98

12 | Moderate steatosis, no fibrosis Y HTN, DM, OA, CAD 45.4

13 | Mild steatosis, Mild triaditis, no fibrosis N HTN, GERD, DJD 46.3

14 | Steatosis, Mild triaditis, No fibrosis N HTN 48.4

15 | Mild steatosis, no fibrosis N 48.8
Severe steatosis, mild triaditis, slight HTN, DM, OSA, DJD,

16 | fibrosis Y GERD 48.9

17 | Mild steatosis, non-specific triaditis Y DM, SA, DJD, GERD 49

18 | Nonspecic - no acute pathology N HTN, OA 49.1
Mild steatosis, periportal lymphocytic

19 | infiltration, no fibrosis Y DM, HTN, SA, CHOL 495
No steatosis, lymphocytic infiltrate, no

20 | fibrosis N CHOL 50

21 | Moderate steatosis, Mild triaditis N SA 50.4

22 | Mild steatosis, Mild triaditis, no fibrosis N SA 51
Mild steatosis, periportal lymphocytic

23 | infiltration, no fibrosis N HTN, GERD, CHOL 52.7

24 | No abnormalities N HTN, OA 54

HTN, ASTHMA, OA,

25 | No path report Y GERD, DM, SA 56.1
Steatosis, periportal chronic inflammation,

26 | no fibrosis N DJD, GERD 57.5
Mild steatosis, Mild periportal lymphocytic

27 | infiltrate, no fibrosis N OA, SA 60

SA, OA, Asthma,

28 | Chronic inflammation, no fibrosis N GERD, CHOL, HTN 60.1

29 | No path report Y DM, DJD 61.8
No steatosis, periportal inflammation, no

30 | fibrosis N HTN, CHOL, SA 66
Mild to moderate steatosis, mild triaditis,

31 | no fibrosis Y HTN, DM, SA 67
Moderate steatosis, triaditis, indeterminate GERD, SA, DJD,

32 | for steatohepatitis N HTN, ASTHMA 72.3

Table 3: Patient demographics and liver pathology report
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Section I1: Quantitative analysis of gene expression by Real Time Polymerase Chain
Reaction.

Total RNA was obtained from the liver biopsies of the 39 morlnblse patients
included in this study. Due to the difficulty in obtaining good qualityNARrom livers
with high fat content, 4 samples were not included due to low leveldiRHA obtained.
Further analysis was thus carried out with the remaining 3Brppatisamples, however
pathology reports were available only for 32 patients. The mRNA was rdxamnseribed

and then used for RT-PCR analysis of gene expression.

Quantitative analysis of Albumin mRNA in total RNA extracted from hepatic tissue

Albumin is one of the major serum proteins that is synthesized isenrdted from the
liver. It is involved in maintaining oncotic pressure and transpalipiofs. The levels of
serum albumin are used to assess liver function. A fall in sdbwman due to decreased
albumin production from the liver indicates liver disease, usually fnen failure due to
cirrhosis (37). We therefore measured the mRNA levels of Albumaur set of patient
samples. As illustrated in Figure 4 and 5, the level of AlbumRN®& expression
remained almost constant over the entire range of BMI’s of thengga with an increase
in expression in the BMI range of 55-60. The patients with edevAtbumin levels all

possessed chronic inflammation of the liver.
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Figure 4: RT-PCR analysis of human Albumin mRNA expression: Total mMRNA was
obtained from the liver biopsies of morbidly obese patients who undefeiatric
surgery and reverse transcribed. RT-PCR was carried out andfigdabhtised on the
GAPDH Standard Curve. Values were normalized with resmedtuman S18 gene
expression. Fold change was calculated by comparison to the lowestlined

expression value.
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Figure 5: Albumin mRNA expression as a function of BMI: mRNA concentration as
obtained from RT-PCR analysis were normalized with respeg18 Normalized values
are plotted as a function of the BMI. The level of Albumin mRNA egpion remained
almost constant over the entire range of BMI's of the patients am increase in

expression in the BMI range of 55-59.
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Quantitative analysis of markers involved in the activation of HHSC and

Extracellular Matrix Synthesis.

In normal liver, Hepatic Stellate Cells are quiescenhodi storing cells. During
liver injury, HSCs get activated and trans-differentiate mymfibroblasts. They undergo
multiple changes in gene expression, enlarge, lose vitamin A, anégaid] resulting in
enhancement of fibrogenesis and acquisition of smooth-muscle—likeefeaDuring this
process the expression@fsmooth muscle actim{SMA) is upregulated, and serves as a
bona fide marker of HSC activation (11). As depicted in Figure 6 and 7, 14 #eof
patients had an elevated level ®SMA. However there is no correlation between the

BMI and levels ofa-SMA.

It has also been demonstrated that the induction of PB@&€Eeptor is essential for the
activation of HSC (38). PDGF is a potent stellate cell mitoged is involved in
chemotaxis. Thus induction of PDGF receptors early in stelldit@aatesation increases
the rate of proliferation and activation of stellate cells (3%.tWerefore determined the
levels of PDGH3 receptor expression from the total mMRNA obtained from liver béspsi
from the patients included in this study. From Figure 8 and 9 it caedrethat 22% of
the patients had elevated levels of PDGRR4owever the levels did not correlate with
the BMI of the patients. It is interesting to note that patiénts5, 20 and 25 (See Table
3) showed upregulation of both a-SMA and PDGFRadicating, most likely, the

presence of activated hepatic stellate cells.
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Figure 6: RT-PCR analysis of human a-SMA mRNA expression: Total mMRNA was
obtained from the liver biopsies of morbidly obese patients who undetvegiatric
surgery and reverse transcribed. RT-PCR was carried out andfigdabased on the
GAPDH Standard Curve. Values were normalized with respediuman S18 gene
expression. Fold change was calculated by comparison to the lowestlined

expression value.
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Figure 7. o-SMA mRNA expression as a function of BMI: mRNA expression
obtained from RT-PCR analysis were normalized with respef18 Normalized values
are plotted as a function of the BMI. The leveloecBEMA mMRNA expression remained
almost constant over the entire range of BMI's of the patients am increase in

expression in the BMI range of 55-59.
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Figure 8 RT-PCR analysis of human PDGFR-B mRNA expression: Total mMRNA
was obtained from the liver biopsies of morbidly obese patients who ustelpariatric
surgery and was reverse transcribed. RT-PCR was carried quession levels were
determined based on the GAPDH Standard Curve. Values were nornvalizeespect
to human S18 gene expression. Fold change was calculated by comatis®howest

normalized expression value.
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Figure 9: PDGFR-B mRNA expression as a function of BMI: mRNA expression

obtained from RT-PCR analysis were normalized with respef18 Normalized values
are plotted as a function of the BMI. The level of PDGFRRNA expression remained
almost constant over the entire range of BMI's and there appedrs no correlation

with the BMI.
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Stellate cell activation is stimulated by paracrine signaling fieighboring cells.
Kupffer cells stimulate matrix synthesis, cell proliferatiand release of retinoids from
stellate cells by the action of cytokines, especially BPGFGF{ is the main fibrogenic
cytokine and it has been shown that its tissue and plasma lewamtmowith the degree
of hepatic fibrosis presented (40). T@R#p-regulates collagen type | gene expression in
HSCs by a mechanism dependent on the accumulatiop@f (A1).Collagen type | is a
major component of the hepatic scar. We therefore determined tle dé\ooth TGFB
and COL1A1 in the mRNA obtained. From Figure 10 and 11 it caneretbat the TGF-

B levels remained relatively constant over the entire rangéviié Being tested with one
patient showing relatively high expression of T@&Hn figure 12 and 13 we can see that
37% of the patients had an elevated level of COL1A1 gene expressiothevelevated

levels being centered around the BMIs ranging from 45-49 and 55-59.

It is observed that Patient 1, whose pathology report indicates thenpeeof fibrosis
does not seem to have a high level of COL1A1 or BGFHpression. This could be due
to the existence of hepatic scar tissue (fibrosis) with thenabsaf active synthesis of
extracellular matrix components (fibrogenesis). Almost tmeesaet of patients showed
elevation of both COL1A1 and TGE-It would thus be interesting to re-examine the
histology of the liver sections and see if more informative inftionaalong with a
suitable grading system could be developed to add further signifitartbe observed

results.
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Figure 10: RT-PCR analysis of human TGF-f mRNA expression: Total mMRNA was
obtained from the liver biopsies of morbidly obese patients who undetvegiatric
surgery and was reverse transcribed. RT-PCR was carried quession levels were
determined based on the GAPDH Standard Curve. Values were nornvalizeespect
to human S18 gene expression. Fold change was calculated by comatis®howest

normalized expression value.

40



gL
L9
99
8’19
1°09
09
§LS
199
S
Fara
1S
7'0s
0s
Sev
T'6v
6%
6'8Y
8’8y
'8y
£y
7Sy
86’y
L'vy
SS90
Sov
or
96t
mmm— S6E
6€
9t
£'5¢E
LA

TGF-P

T T T
o o o
o o O
o WO =

T
o o
o
(]

1600 -
1400 -
1200 +
1000 -

I T
o o
S o
S ©
o~
BA

(enjea 3samo| ay3 03 paJtedwod se)

aguey) pjod

Patient's BMI

41



Figure 11: TGF-B mRNA expression as a function of BMI: mRNA expression

obtained from RT-PCR analysis were normalized with respef18 Normalized values
are plotted as a function of the BMI. The level of TBRRNA expression remained
almost constant over the entire range of BMI's and there appedrs no correlation

with the BMI.
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Figure 12: RT-PCR analysis of human COL 1A1 mRNA expression: Total mRNA

was obtained from the liver biopsies of morbidly obese patients who underwent bariatric
surgery and was reverse transcribed. RT-PCR was carried out. Express®mwereel
determined based on the GAPDH Standard Curve. Values were normalized with respec
to human S18 gene expression. Fold change was calculated by comparison to the lowest

normalized expression value.
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Figure 13: COL1A1 mRNA expression as a function of BMI: mRNA expression
obtained from RT-PCR analysis were normalized with respect to S18. Normalized va
are plotted as a function of the BMI. The level of COLTARNA expression remained

was elevated in the BMI range from 45-49 and 55-59.
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Quantitative mRNA analysis of genesinvolved in lipid metabolism

Leptin and adiponectin are the main metabolic products of adipose fl$mse
two adipokines play an important role in NAFLD. Leptin was initiabnsidered to be
solely an anorexigenic hormone that decreases food intake andsewreaergy
expenditure. However it has been observed that obese patients havsenhdevals of
leptin along with leptin resistance. Adiponectin has been shown toerdumhay fat and
improve hepatic and peripheral insulin sensitivity (42). Serum adigonéetels
correlate inversely with body mass index (BMI), percentageodfy fat, fasting insulin
concentration, and plasma triglycerides levels. The Peroxisowigemtor-activated
receptor (PPAR)- plays an important role in the transcriptional activation of the
adiponectin gene and PPARgands increase mRNA expression and serum adiponectin
concentration. As seen in Figure 14 and 15, the level of expressiomptif beRNA is
elevated in most patients with a higher BMI (patient numbers 14, 15, 2B4 225, 26,
and 28 from Table 3), but no correlation can be determined due toackhefladequate
number of patients in this study. In the case of Adiponectin thase\vs observed,
patients 6 and 7, with a BMI of 40 show elevated levels of Adiponestgompared to
patients with a higher BMI. From Figure 18 and 19 it can be de&nthere is no

correlation between the BMI and the level of expression of PRAR-
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Figure 14: RT-PCR analysis of human Leptin mRNA expression: Total mMRNA was
extracted from the liver biopsies of morbidly obese patients whorwede bariatric
surgery. RT-PCR was carried out. Concentration of Leptin mRNAdetsmined from
the GAPDH Standard Curve. Values were normalized with respduin@n S18 gene
expression. Fold change was calculated by comparison to the lowestlined

expression value.
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Figure 15: Leptin mRNA expression as a function of BMI: mRNA expression
obtained from RT-PCR analysis were normalized with respeg18 Normalized values
are plotted as a function of the BMI. The level of LeptiRNA expression appears to

increase with and increase in BMI.
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Figure 16: RT-PCR analysis of human Adiponectin mRNA expression: Total mMRNA
was obtained from the liver biopsies of morbidly obese patients who uertelbariatric
surgery. RT-PCR was carried out. Adiponectin mRNA expression levels wershete
based on the GAPDH Standard Curve. Values were normalized wpkateto human
S18 gene expression. Fold change was calculated by comparison towdbst |

normalized expression value.
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Figure 17: Adiponectin mRNA expression as a function of BMI: mRNA expression
obtained from RT-PCR analysis were normalized with respeg18 Normalized values
are plotted as a function of the BMI. The level of adiponati®RiNA expression appears

to inversely correlate with the BMI of the patients.
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Figure 18: RT-PCR analysis of human PPAR-y mRNA expression: Total mRNA was
obtained from the liver biopsies of morbidly obese patients who undetvegiatric
surgery and was reverse transcribed. RT-PCR was carried qutesBon levels of
PPARy mRNA were determined based on the GAPDH Standard Curve. Vakres
normalized with respect to human S18 gene expression. Fold changelewdated by

comparison to the lowest normalized expression value.
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Figure 19: PPAR-y mRNA expression as a function of BMI: mRNA expression
obtained from RT-PCR analysis were normalized with respef18 Normalized values
are plotted as a function of the BMI. The level of PPARRNA expression remained
almost constant over the entire range of BMI's and there appedrs no correlation

with the BMI.
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Quantitative mRNA analysis of some Wnt pathway components in total RNA

extracted from liver biopsies.

B-catenin plays an important role in the activation of the canonicelpathway.
In the presence of the Wnt signfikcatenin is translocated to the nucleus and forms
transcriptional complexes along with members of the TCF farfife transcriptional
complex activates the trancription of downstream target gecksling c-Myc, cyclin
D1, MMP7,a-SMA, PDGF$R anda2(1) collagen (43). We therefore analyzed the level
of B-catenin, TCF-7 and c-Myc. As seen in Figure 20 and 21, 28% qdatients had
elevated levels of-catenin expression with the highest values centered around BMI
values of 50-55. Seventeen% of the patients have highly elevated @v@IEF-7
expression (Figure 22 and 23) with the highest values once agairedeateund a BMI
of 50-54. From Figure 24 and 25 we see that 29% of the patients haateéle

expression of c-Myc mRNA with the greatest expression in the 45-50 BMI bracket.

Our results clearly indicate that although the expression of semesgs abnormal in
morbid obese patients, there is no correlation between the charggsei expression and
the BMI. Therefore, we considered it important to analyze theatatafunction of the

major morbidity of these patients, namely type 2 diabetes.
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Figure 20: RT-PCR analysis of human B-catenin mRNA expression: Total mRNA
was obtained from the liver biopsies of morbidly obese patients who uentelpariatric
surgery and was reverse transcribed. RT-PCR was carriedawttenin mRNA
expression levels were determined based on the GAPDH Standard Calwes were
normalized with respect to human S18 gene expression. Fold changealewdated by

comparison to the lowest normalized expression value.
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Figure 21: B-catenin mRNA expression as a function of BM|I: mRNA concentration as
obtained from RT-PCR analysis were normalized with respef18 Normalized values
are plotted as a function of the BMI. The leveBetatenin mMRNA expression remained
almost constant over the entire range of BMI's of the patients am increase in

expression in the BMI range of 50-54.
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Figure 22: RT-PCR analysis of human TCF-7 mRNA expression: Total mMRNA was
obtained from the liver biopsies of morbidly obese patients who undetvegiatric
surgery and was reverse transcribed. RT-PCR was carried det7 TRNA expression
levels were determined based on the GAPDH Standard Curve. Valuesarenalized
with respect to human S18 gene expression. Fold change was cdldylatemparison

to the lowest normalized expression value.
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Figure 23: TCF-7 mRNA expression as a function of BMI: mRNA concentration as
obtained from RT-PCR analysis were normalized with respeg18 Normalized values
are plotted as a function of the BMI. The level of TCF-7 mRMAression remained
almost constant over the entire range of BMI's of the patients am increase in

expression in the BMI range of 50-54.
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Figure 24: RT-PCR analysis of human c-Myc mRNA expression: Total mMRNA was
obtained from the liver biopsies of morbidly obese patients who undetvegiatric
surgery and was reverse transcribed. RT-PCR was carriedBattenin mRNA
expression levels were determined based on the GAPDH Standard Caiwes were
normalized with respect to human S18 gene expression. Fold changelewdated by

comparison to the lowest normalized expression value.
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Figure 25: c-Myc mRNA expression as a function of BMI: mRNA concentration as
obtained from RT-PCR analysis were normalized with respeg18 Normalized values
are plotted as a function of the BMI. The level of c-Myc mRMAression is elevated in

the BMI range from 40-60 with the highest level seen in the BMI range of 45-49.
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Section I1l: Comparative analysis of mRNA expresson in the obese diabetic

population as compared with the non-diabetic obese people.

Patients were grouped on the basis of the presence or abseahabedés. Patients were
defined as diabetic or non-diabetic based on the HbAlc level. A paientonsidered
diabetic if they had a history of diagnosis and treatment for diabetes or hadla lelél
greater than 6.0%. The mRNA values obtained were normalized t#fai®l plotted as
seen in Figure 26. From Fig. 26 we note that the expression liueh# is lowered in
diabetic patients as compared to non-diabetic patients indicatpagsible decrease in
liver function in diabetic patients. The levels of CollagerSMA and TGF, the
indicators of HSC activation, are lower in diabetic patiené thon-diabetic controls.
The PDGFB levels were slightly elevated. The markers for lipid metabglLeptin and
PPARy, are lowered in diabetic patients. The average expression of Adipomec
higher in diabetic patients, but by excluding one patient with ladyhajevated expression
level, we see that there is no difference between the two sets of patierda8.inrAPFPAR-

v levels is indicative of insulin resistance and has been cadeleth the development
of Type Il diabetes mellitus. As shown in Figure 26 the leveRRARy in our diabetic
population is lower than in the non-diabetic subjects. The le&lcatenin expression is
lower in diabetic patients and TCF-7 and c-Myc have elevated ssipre levels
compared to the non-diabetic patients. However, it should be noteti¢batdifferences
observed do not appear to be significant and further analysis willibdeecarried out in
order to obtain statistically significant information so thatoae identify biomarkers that

can be used to determine severity and progression of disease.
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Figure 26: RT-PCR analysis of gene expression levels on the basis of disease state:
Patients were defined as diabetic if they had a history of diegaos treatment of
diabetes or had a HbAlc level greater than 6.0%. The values wenalized with S18

and plotted on the basis of presence or absence of diabetes.
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Discussion

Overweight and Obesity are common health conditions and gremlence is
increasing globally (44). Recent estimates suggestl in 2 adults in the United States is
overweight or obeségefined by a body mass index (BMI) of higher than 25 @&%§ess
weight is associated with an increased incidence of NAFBRJicvasculadisease, type
2 diabetes mellitus (DM), hypertension, stro#gslipidemia, osteoarthritis, and some

cancers (46).

We therefore investigated the associatiminexcess weight with manifestation of
NAFLD and its progression to NASH, fibrosis and cirrhosis of therl It has been
noted that some patients have a tendency for progression fromlivattyo cirrhosis
while other patients develop NAFLD or NASH without any furtheerd damage. Most
patients with NAFLD are asymptomatic and some show a mildoenate elevation in
ALT and/or AST levels in the serum (47). It is thus important tdyaeahe expression
levels of different genes involved in the various aspects of liaeade for identification

of biomarkers for the same. | therefore looked at genes involvesk@ssing the general
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function of the liver, markers for HSC activation, lipid metaboliand transcription

factors involved in the Wnt pathway.

In the present study we found that the albumin levels were alotrstant
through out the BMI range with elevated levels in the range of 55-60.viEradithe sole
organ responsible for the production of albumin. A fall in albumin levedemerally an
indication of liver disease. It is interesting to note thatepdsi with elevated albumin
levels all had chronic inflammation of the liver. However becaugkeofelatively small

number of patients examined in this study statistically meaningful dat&isdac

Myofibroblastic hepatic stellate cells are the principallscahvolved in
fibrogenesisa-SMA is a well characterized marker for the activatiorstellate cells as
a-SMA expression is upregulated during activation of HSC (13).Inpttusess, platelet-
derived growth factor (PDGF) is the most potent stimulus for teséllate cell
proliferation and migration, and is overexpressed during active hdijpatigenesis. This
cytokine binds to the PDGF receptor typeactivates Ras and sequentially propagates
the stimulatory signal sequentially via phosphorylation of Raf-1,KM&hd the
extracellular-signal regulated kinases ERK1/ERK2. Hepatic injurysiscéated with both
increased autocrine PDGF signaling and upregulation of PDGptoedd8). TGFB is
the main fibrogenic cytokine and it has been shown that its tissug@lastha levels
correlate with the degree of hepatic fibrosis presented (49).pT@i-regulates collagen
type | gene expression in HSCs by a mechanism dependent orctineudation of HO,

(41).Collagen type | is a major component of the hepatic scar.
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On analysis of the markers for HSC activation it is seeh tthea-SMA and
PDGFR-8 levels are elevated in the same set of patients particutatiyat BMI range of
50-55(patients 1, 7, 15, 20 and 25 as in table 3). It is observed tlemit Ra with a BMI
of 27, whose pathology report indicates the presence of fibrosis doesenot® have a
high level of COL1A1 or TGH expression. This could be because of an already present
hepatic scar with the absence of active fibrogenesis. Alnhessame set of patients
showed elevation of both COL1A1 and TGFK would thus be interesting to re-examine
the histology of the liver sections and see if more informatif@mation, along with a
suitable grading system could be developed to add further signifitartbe observed

results.

Leptin and adiponectin, the main metabolic products of adipose tissebban
implicated in a wide spectrum of human diseases. Experimentaduwiggast that reduced
adiponectin and increased leptin levels, which are usually obseredgse patients with
or without metabolic syndrome (50), may result in fat accumulatidneahancement of
inflammation and fibrogenesis in the liver (51). The Peroxisome matifeactivated
receptor (PPAR) plays an important role in the transcriptional activation of the
adiponectin gene and PPARgands increase mRNA expression and serum adiponectin
concentration (2). Our results appear to confirm previous studiesrghaw increase in
Leptin levels and fall in Adiponectin levels with BMI. PPARvels do not show any
correlation with the BMI. The data on the associations betweese adipokine levels
and the severity of hepatic steatosis or fibrosis areratiler conflicting. Therefore, the

associations between adipokines and liver histology should be evalwathdr fin
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prospective, carefully designed studies, including larger cohorts ohtsatigth detailed

assessment of metabolic and other potential confounding factors.

Myung et al showed that Wnt signaling enhances the activationusmidad of
human hepatic stellate cells leading to fibrogenesis (52). \&iefore determined the
expression levels of the Wnt activated transcription fagtaratenin and TCF-7 and their
downstream target gene c-myc. The results show no correlationBWithbut it is
interesting to note that the same set of samples showextezldevels (patient’s 1, 8, 14,
15, 20 and 30 as in Table 3). Looking at the liver histology of thesenfsati®uld thus

give us more insight.

A large number of morbidly obese patients have been diagnosed to hav2 typ
diabetes mellitus as well. The cause of diabetes in morbidlyeolpasients is
multifactorial, including genetic, social and dietary components. Wéeetore did a
comparative analysis of mMRNA expression in diabetic versus nondiaietse patients.
The expression level Albumin is lowered in diabetic patiestsompared to non-diabetic
patients indicating a possible decrease in liver function in d@lpetiients. Earlier
studies have indicated clear trends in TCF7 expression betweeridaizenondiabetic
patients (53). In diabetic patients it has been observed that thedeiease in hepatic
expression of TCF7 with increasing BMI. On the other hand, in non-diametrbidly
obese patients, as the BMI increases there is an increase in TCF7ierpAsdiponectin
is an adipokine that is specifically and abundantly expressed in adiEssie and
directly sensitizes the body to insulin. Studies have shown that hppo&dtinemia

appears to play an important causal role in insulin resistance 2tgii@betes, and the
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metabolic syndrome, which are linked to obesity (54). A fall in PRA&vels is also
known to lead to insulin resistance (40).Our results show no significant changes-7

and Adiponectin expression in the two groups of patients. We also see a fallimarept
PPARg in conformity with prior studies. The levels of CollagetsMA and TGFB, the

indicators of HSC activation, are lower in diabetic patients ti@mdiabetic controls
indicating that diabetic state might not develop the same extdiftra$is and cirrhosis
as in the non-diabetic obese population with NASH. The PP@G¥€eptor levels were

slightly elevated.

The experiments described here are preliminary in nature. t nmaisioted that
there is a lack of statistically meaningful information beeaat the relatively small
sample size in this pilot study. Other factors that could hirfdeinterpretation of the
data include the fact that the patients have several co-morbightigddition to obesity
that can prevent us from pin pointing changes in gene expresgiomeference to a
single disease state. We obtained and analyzed total mRNA ifremblopsies and it
should be kept in mind that majority of the liver cells are hep&tedigize and volume)

and not HSCs which are responsible for fibrogenesis.

The results have been presented as a function of the BMI of thentpat
However, the current evaluation the expression levels of the geingstésted failed to
show any correlation with the BMI and the diabetic state op#irnts. It must be noted

that the BMI does not truly reflect the fat content of therlaed some patients with a
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high BMI might not possess fatty liver and vice versa. Thuslitbgiimportant to grade

samples on the basis of the histology of the liver.

Liver biopsy is the gold standard for diagnosing and staging livezase.
However different classifications for NAFLD exist. Also theet sections stained with H
and E were reviewed by different pathologists and therefore outl ot obtain a
standardized histology score. Based on the Kleiner article, @%yauld like to develop
a strong scoring system for NAFLD and NASH that would enabte gsoup patients by
the degree of liver disease. Significant differences in maekets between these groups
might provide us with useful information and identify which markens loa used to

distinguish the different disease states.

We are working in collaboration with Dr. F. Brody, Dr. Kate Hindde. Sidney
Fu, Dr. Pat Latham and others, who are analyzing gene siprdsvels in the blood and
omentum of the same set of patients. It would be interestirggdoif there is any
correlation between the gene expression levels in the liver ah@ inlood. Correlation
between the mRNA levels in the blood and liver samples would enalile p=dict
expression levels in the liver by analyzing gene expression ibldloel. It would thus
lead to a less invasive approach than liver biopsy for diagnosing and stagirgjdease.
It would enable early detection of disease and prevent progreSs$iahes have shown
the possibility for a reversion of fibrosis through Wnt antagonism &2d) weight loss

(56).
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Significant weight loss has been perceived as advantageous. HeevVeer fat
accumulation as well as metabolic syndrome when weight lossisigirsed. After
surgery, improvements in insulin resistance, elevated blood pressumdyslipddemia
have been observed (8). Jeanne Clark et al have showed that thremmmsavement in
all of the histological features of NAFLD after Roux-en-&sgic bypass surgery induced
weight loss (56). It would be interesting and highly informativevef could obtain post
surgery liver biopsies from these patients and see if we canmdeé the changes the
various genes being tested undergo post surgery. Analyzing nif@desapost surgery
would provide us with valuable insight into the molecular changesatkatiaking place
after surgery and what brings about the reversion of disease. Howlateening IRB
approval would be a daunting task. A correlation between the Inebl@od expression
levels might give us a chance to analyze gene expressiorclevaljes post weight loss

surgery.

Our study showed difference in levels of expression of many ofehes with
reference to their BMI as well as in regard to the diabstate of the patients.
Investigations with an increased patient set, grading of sarbpkexi on their histology
as well as follow up studies to determine the changes in expmepost surgery are
required to identify suitable markers for determining NAFLD angotiyesize the
mechanism behind the reversion of metabolic syndrome observedwadigit loss

surgery.
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