





ial agent, proguanil [206]. Inadvertently, proguanil was modified to metformin hydrochloride
salt and named, flumamine. Efficacy of flumamine as anti-influenza drug in an influenza out-
break in Philippines, in 1949 and subsequent tendency of flumamine to lower blood glucose
levels in some patients, brought the limelight back on to metformin (Figure 1.6.1) [207]. How-
ever, metformin was considered weaker than other glucose-lowering biguanides and was not
preferred. In 1970s, phenformin and other biguanides were discontinued due to their toxicity
profile of Phenformin, mainly due to increased lactic acidosis observed. Metformin, received
more credence at this point, appended by ability of metformin to counter insulin resistance in
DM2 patients without the risk of hypoglycaemic adverse events or weight gain [208]. Metformin
became the first-line anti-diabetic drug after FDA approval in 1994 following key clinical tri-
als, that demonstrated improved glycemic control and lipid concentrations in DM2 patients with
metformin therapy [209, 210].

1.6.2 MECHANISM OF ACTION OF METFORMIN

The exact mechanism by which metformin lowers serum glucose in diabetes is still obscure.
However, there is a growing consensus that inhibition of hepatic gluconeogenesis plays a cen-
tral role along with increased glucose uptake by muscles and adipocytes resulting in decreased
insulinemia [211, 212]. The preferential metabolic effect of metformin in liver is primarily due
to high expression of organic cation transporter 1 (OCT1), a transporter protein that has been
demonstrated to mediate cellular uptake of metformin [213]. Transgenic mice with hepatic dele-
tion of the SL.C22A1 gene (which encodes for OCT1) and SL.C22A1 polymorphisms in humans
have been shown to significantly reduce the effectiveness of metformin in lowering serum blood

glucose levels [214].

At the cellular level metformin activates adenosine monophosphate kinase (AMPK) which is ac-
tivated by increased intracellular levels of AMP and is considered as an energy sensor involved
in regulating cellular metabolism. Inhibition of hepatic gluconeogenesis is secondary to met-
formin’s inhibition of complex 1 of the mitochondrial respiratory chain and subsequent AMPK
activation, which leads to decreased ATP synthesis and a rise in the cellular AMP: ATP ratio
[215]. Additionally, metformin requires liver kinase B1 (LKB1) - tumor suppressor gene up-
stream of AMPK, in the liver to lower blood glucose levels. Deletion of LKB1 in the liver of
adult mice resulted in a nearly complete loss of AMPK activity and resulted in hyperglycemia

with increased gluconeogenic and lipogenic gene expression [216].

Activated AMPK phosphorylates numerous downstream targets such as fatty acid beta-oxidation
and glycolysis, and suppresses several pathways such as gluconeogenesis, protein and fatty acid

synthesis and cholesterol biosynthesis [217]. Metformin has also been shown to have beneficial
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Figure 1.6.2: Metformin mechanism of action: AMPK signalling pathway (modified from Kegg
hsa04152 https://www kegg jp/kege/kegel html [299])

effects on lipid metabolism 1n diabetics. AMPK activation is also key to metformin’s effects on
lipid metabolism, at least in the liver, where increased ACC phosphorylation results in inacti-
vation of ACC enzyme and subsequent reduction in triglyceride cellular content secondary to
increased fatty acid oxidation and reduced de novo lipogenesis [218].

Furthermore, AMPK-independent metformin regulation of angiogenesis targets has been de-
scribed; the advanced glycated end products (AGEs), the soluble intercellular cell-adhesion
molecules (ICAMs) and the soluble vascular cell-adhesion molecules (VCAMs). AGE-induced
inflammation and cellular oxidative stress are major contributors of diabetic complications. Met-
formin has been reported to reduce AGE synthesis and proinflammatory cytokines, plasma levels
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of ICAM-1 and VCAM-1 in DM2 patients independent of its anti-hyperglycemic effects [219,
220]. These studies support the notion that metformin has a beneficial effect on endothelial

function by suppressing oxidative stress in endothelial cells.

1.6.3 EPIDEMIOLOGICAL STUDIES OF METFORMIN IN CANCER

Over the past decade, growing evidence suggests that there is the potential for metformin to
reduce cancer risk and perhaps be used as cancer chemoprevention therapy. The interest in the
potential of metformin as an anticancer agent was highlighted by a series of epidemiological
studies, exclusively in diabetic patients, that suggested it had a protective effect against cancer
[221-224].

In the largest study to date, which included 480,984 DM2 patients, the reduced risk for liver (HR
= 0.06), bowel (HR = 0.36) and pancreatic (HR = 0.15) was of a similar magnitude to that of
all cancers (HR = 0.12) in patients using metformin treatment [225]. Although majority of these
epidemiological studies support cancer protective effect of metformin (Table 1.6.1), a few case
control studies in lung and prostrate cancer did not find any beneficial effect of metformin use

in DM2 patients towards protection from cancer [226, 227].

The precise relation between diabetes mellitus and chronic liver diseases still needs to be further
evaluated. In a case-control study, association between HCC and diabetes mellitus in a large
cohort of patients with HCC was explored. Temporal relationship between the onset of diabetes
and the development of HCC was investigated in 465 HCC patients, 618 with cirrhosis and 490
control subjects. Results of which, described prevalence of diabetes mellitus was 31.2 % in
HCC patients, 23.3% in cirrhotic patients and 12.7% in the control group. With univariate and
multivariate analysis, the OR for HCC in diabetic patients were respectively 3.12 and 2.2. In
84.9% of cases, DM2 was present before the diagnosis of HCC. They further reported an OR for
HCC of 2.99 (CI 1.34-6.65, P = 0.007) in diabetic patients treated with insulin or sulphonylureas,
and an OR of 0.33 (CI 0.1-0.7, P = 0.006) in diabetic patients treated with metformin [233].
Therefore, DM2 is an independent risk factor for HCC and that it precedes HCC diagnosis.
Moreover, these studies highlight that in patients with DM2, a direct association of HCC with
insulin and sulphonylureas treatment and an inverse relationship with metformin therapy exists.
Additionally, above mentioned epidemiological studies provide a strong rationale for metformin

use in cancer chemoprevention.
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Study type Outcome Comparison Cancer Results Ref.
type (HR/OR/RR)
Case control | Incidence | Metformin vs other | Various OR 0.79 [221]
Retrospective | Mortality | SUs vs Metformin | Various HR 1.3 [228]
Case control | Incidence | Metformin Various OR 0.28 [229]
+ Glibenclamide
Glibenclamide OR 2.62
monotherapy
Retrospective | Incidence | Metformin vs other | Various HR 0.63 [222]
Metformin HR 1.0
Retrospective | Incidence | SUs monotherapy | Various HR 1.36 [230]
Metformin+SUs HR 1.08
Insulin HR 1.42
Prospective Mortality | Metformin vs other | Various HR 0.43 [224]
Case control | Incidence | Metformin vs other | Pancreas | OR 0.38 [231]
Case control | Incidence | Metformin vs other | Prostate OR 0.56 [232]
Case control | Incidence | Insulin or SUs HCC OR 2.99 [233]
Metformin OR 0.33
Biguanides OR 0.3
Case control | Prevalence | TZDs, SUs HCC OR0.3,7.1 [234]
Insulin OR 1.9
Dietary control OR 7.8
Case control | Incidence | Metformin vs other | Breast OR 0.44 [235]
Prospective Incidence | Metformin vs other | Liver HR 0.06 [225]
Various HR 0.12
Retrospective | Mortality | Metformin vs other | Various* | HR 0.66 [236]
Colorectal | HR 0.66
Retrospective | Mortality | Metformin Various HR 0.56 [237]
Case control | Incidence | Metformin OR 0.61
SUs Ovarian OR 1.26 [238]
Insulin OR 2.29
Case control | Incidence | Metformin vs other | Prostate RR 1.23! [227]
Prospective Mortality | Metformin vs other | Various* | RR (.73 [239]
Case control | Incidence | Metformin vs other | Breast OR 0.81 [240]
Case control | Incidence | Metformin Various OR 0.46 [223]

Table 1.6.1: Epidemiological studies describing association of metformin use in DM2 patients with
cancer incidence and mortality.Sulphonylureas (SUs), Thiazolidinediones (TZDs), * death from any
cause (including cancer) and | no association.
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1.7 AIMS OF THE STUDY

Hypothesis:
In a non-diabetic setting, HCC chemoprevention with metformin at an early fibrosis stage, could

be beneficial in abrogating tumours in livers with cirrhosis background.

Specific Aims:

I. Mouse model of HCC with cirrhosis background and determine time point that sufficiently
recapitulates early fibrosis stage

I1. Effects of early metformin intervention in the mouse model developed above will be investi-
gated.

II1. Plausible mechanism of action of metformin hepatoprotective effects.

Study design:

Aim I: To recapitulate HCC with cirrhosis background, we would utilize transgenic miRNA-221
over-expressing mice and induce chronic liver injury via carbon tetrachloride challenge. Various
experimental end time-points will be researched to determine early fibrosis stage. Additionally,
duration needed for liver tumours to appear in these mice will be determined by frequent ab-

domen ultrasonography surveillance.

Aim II: Metformin intervention would be undertaken at an early fibrosis stage and parameters
needed to monitor liver function will be determined. At the experimental end points, morpho-
logical and histopathological changes in the liver between the experimental groups will be in-

vestigated.

Aim III: To determine effects of metformin intervention, microarray for gene expression and
miRNAs will be investigated between experimental groups. Differential expression of genes
and miRNAs would be analysed for important molecular pathways modulated, utilising publicly
available and curated databases. Significantly affected pathways will be further validated by

immunoblotting techniques.

Milestones

The studies described in this section are slated for completion within a period of three years.
We expect to complete experiments with respect to Aim 1 in approximately sixteen months of
which the longest time is dedicated to developing animal models. Aim 2 will be completed in
approximately twelve months. Aim 3 would require nearly eight months and will be initiated

soon after Aim 2 is achieved.
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The methods and tools of science perennially breach
barriers, granting me confidence that our epic march
of insight into the operations of nature will continie

without end.

Neil deGrasse Tyson

Materials and methods

2.1 CCr4 mwpucep HCC MOUSE MODEL WITH CIRRHOSIS BACKGROUND AND

EARLY METFORMIN INTERVENTION

Male miR-221 transgenic (TG221) strain with B6D2F2 background mice (4-6 wks of age) were
administered 150ul of olive oil (Arm 1)or 20% v/v CCl4 in olive oil (Arm 2) by oral gavage (p.o.)
three times a week for a duration of 14 wks. Metformin intervention (Arm 3) was started after 3
wks of initiating CCl4 challenge at 300mg/kg body weight (BW) daily p.o., dissolved in distilled
water. Dosage of metformin used in present study was calculated using Reagan-Shaw method
[241]. Briefly mouse equivalent dose (mg/kg) = human dose (mg/kg) x human (k, yYmouse (ky,).
Where ky, factor, unique to each species is a constant used to normalize dosage based on body
surface area. Metformin dosage in humans range from 1000mg to 2500mg, usually prescribed
twice daily. For a 60kg human adult k,, equates to 37 and a 20g mouse ky;, equals 3. Therefore, a
dose of 1500mg per day in human adults translated to approximately 300mg/kg per day mouse
dosage [242]. Mice were randomly assigned to the different experimental arms. Ellipse volume

of surface nodules were measured ex-vivo as V = (7 /6) x (long axis) x (short axis)* [243].
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2.2 TRANSAMINASE ASSAYS

At time points of 0, 3, 6, 9, 14 wks blood sampling of 20ul was done by tail vein nick and post
24 wks by cardiac puncture after mice were euthanized by isoflurane inhalation anesthesia and
subsequent cervical dislocation. Serum was collected from blood samples of corresponding ex-
perimental groups and AST and ALT levels assayed with respective colorimetric kits (Sigma;
MAKO055/MAKO0352) according to manufacturer’s instructions and absorbance read on Tecan In-
finite F200 Pro plate reader (TECAN, Switzerland).

2.3  UILTRASONOGRAPHY

Liver ultrasonography (Philips 1U22 with a linear transducer) surveillance was performed at
fortnightly intervals after 14wks to monitor growth of liver nodules. Mice were anesthetized
with intraperitoneal (i.p.) cocktail of ketamine (90 mg/k BW) and xylazine (9 mg'kg BW) in
0.9% sodium chloride solution and were always placed on temperature-controlled heating pads
during the entire imaging procedure. DICOM files were analyzed using an open source medical

image viewer (Horos project v3.1.2).

2.4  CELL LINES AND REAGENTS

Human hepatocellular carcinoma cell line HepG2 (ATCC HB-8065, Rockville, MD, USA) were
cultured as monolayers in IMDM media (Sigma; 16529) supplemented with 10% fetal bovine
serum (FBS, Sigma; F7524), 0.1% gentamicin (Gibco; 15750-037). Human hepatics stellate cell
line LX-2 (generous gift from Vienna Hepatic Experimental Hemodynamic-HEPEX Lab at the
Medical University of Vienna) were cultured as monolayer in DMEM media (Sigma; D5796)
supplemented with 5% FBS, 0.1% gentamicin. All cell lines were maintained in a 37°C hu-
midified incubator containing 5% CO2. Metformin (Sigma; D150959) was dissolved in phos-
phate-buffered saline (PBS) at a concentration of 1 mol/L, stored at —20°C and subsequently
diluted to appropriate concentrations in complete media without antibiotics for each assay. Mul-
ticellular tumour spheroids (MCTS) were cultured by hanging drop method as described pre-
viously [244]. Adherent cells were grown to 90% confluence, whereupon monolayers were be
rinsed twice with PBS and drained. Cells were trypsinsed with 0.05% trypsin-1 mM EDTA
and incubated at 37°C until cells detached. Trypsinization was arrested by adding complete
medium and mixture of cells triturated to obtain single cell suspensions. After brief vortex and

centrifuge at 1000 rpm for 5 minutes, cell pellet was washed twice with complete cell culture

41



medium. Cells were resuspended, and cell counts obtained using MUSE (Millipore) automated
cell counter. Cell suspension was diluted so that 1041 would contain 5000 cells. On an inverted
lid of 60 mm tissue culture dish several 104 of cell suspension was deposited as drops making
sure that the drops were placed sufficiently apart so as to not be in contact. PBS was placed in
the 60 mm dish and the lid with cell drops was replaced onto the dish to form hanging drops
and placed in cell culture incubator. Metformin was added to cell suspension media at varying
concentrations before placing cell hanging drops. Control hanging drops did not contain any
drugs. Images of MCTS were captured at different time point under a bright field microscope.

All Cell culture experiments were performed in triplicated and repeated twice.

2.5 WESTERN BLOT

Snap frozen tissues were homogenized in RIPA buffer (Sigma R0278) with protease (complete
ULTRA tablets, Roche), phosphatase inhibitors (PhosSTOP, Roche) and sodium orthovanadate
using a tissue homogenizer. Lysates were centrifuged at 14,000 rpm for 20 min at 4°C. Protein
concentration of the supernatant was measured by modified lowry protein assay before boil-
ing in 4x Laemmli buffer. Approximately 10ug of protein from lysates were loaded on precast
PAGE, separated by electrophoresis and transferred to pvdf membranes with Trans-Blot Turbo
system (Bio-Rad). Non-specific binding was blocked by 5% non-fat milk for 1hr. Membranes
were incubated overnight at 4°C with primary antibodies. Primary antibodies against LKBI1
(Cat- 3047), AMPKua (Cat- 2532), pAMPKa Thr-172 (Cat- 2535), AKT (Cat- 4691), pACC Ser-
79 (Cat- 3661), ACC (Cat- 3662), S6 (Cat- 2217), p4E-BP1 (cat- 2855), 4E-BP1 (Cat- 9644),
PARP (Cat- 9542), cleaved-PARP (Cat- 9544), Caspase 7 (Cat- 9492) 1:1000 dilution, pAKT
Serd73 (Cat- 4060), pS6 Ser-235/236 (Cat- 4858) 1:2000 dilution were from Cell Signaling
Technologies., a-SMA (Cat- A5228, Sigma) 1:500, p62/SQSTM1 (Cat- P0O067, Sigma) 1:2000,
LC3B (Cat- 1.7543, Sigma) 1:1000 and GAPDH as loading control (Cat- TA8890003, Origene) at
1:5000 dilution. Following day, after a brief wash, membranes were incubated with anti-rabbit
HRP (Cell Signaling 1:1000) or anti-mouse HRP (Cell Signaling 1:5000) secondary antibodies.
Membranes were developed with Clarity western ECL (Bio-Rad) or high- sensitivity Westar Su-
pernova Blotting Substrate (Cyanagen, Italy) and chemiluminescence visualized on Chemidoc
XRS+ imaging system (Bio-Rad).
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Figure 3.1.3: Transversal liver sonogram (a) after 14 and (b) at 24 weeks post initiating CCl4
challenge Transverse diameters of hepatic nodules are marked in green lines and white arrow head
represents anechoic ascites fluid

nate ascitic decompensation due to CCl4, we imaged mice livers with fortnightly abdeminal
ultrasound starting from 14 weeks to 24 weeks. anechoic ascitic fluid collection was observed
in all CCl4 mice at 14 weeks and sustained presence of ascites was noticed at 24weeks (Figure
3.3

a Olive oil 3 wks CCl4 6 wks CCl4 9 wks CCl4 14 wks CCl4

Figure 3.1.4: Representative images of mouse livers (a) at the indicated time of sacrifice. (b)
Trichrome staining of FFPE livers at corresponding time points and treatments as of (a) (40x mag-
nification).

The third most salient feature or cirrhosis is the underlying liver fibrosis. To evaluate the time-
point at which early signs of fibrosis could be detected, we treated additional mice with CCl4
following the same protocol described above. However, at 3, 6, 9 and 14 weeks, mice (n = 2
at each time-point) were euthanised and livers examined. Macroscopically, livers showed signs

of the CCl4-induced damage, characterized by a yellowish pale appearance rather than dark red,
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a harder than normal consistency, and surface with nodules of varving sizes were evident by
14 weeks (Figure 3.1.4a). Trichrome staining revealed a sequential progression of liver fibrosis
with sustained CCl4 challenge. Thin septal fibrosis was evident at 3wks, progressing to marked
fibrous expansion of most postal areas with fibrous septac by 6 and 9wks but still maintaining
liver architecture. However, 14wks of CCl4 challenge led to fibrous expansion with marked,
distortion of liver architecture, nodule formation and ascites typical of cirrhosis (Figure 3.1.4b).

Therefore, 3 weeks time-point was determined to be an early fibrosis stage.

3.1.2 CirrHOsIS INDUCED BY CCL4 LEADS TO TUMOURS IN TG221 MICE

Given the extent of liver damage induced by chronic CCl4 challenge, we initiated liver nodule
surveillance by abdominal USG starting at 14 weeks. Hyperechoic lesions could be detected at
this time-point and fortnightly USG was continued until 24 weeks at which time, obvious liver
mass could be identified. Experimental end-point was determined to be 24 weeks, in concor-
dance with institutional humane animal care guidelines. Macroscopic examination of the livers
revealed significantly large tumours in all mice treated with CCl4. Olive oil treated mice did
not bear any visible liver lesions (Figure 3.1.5a,b). Histopathological examination of livers con-
firmed the presence of additional in-situ nodules that ranged from frank well-differentiated HCC
to FNH-like nodules in CCl4 treated mice (Table 1). Additionally, occasional steatotic nod-
ules could be detected (Figure 3.1.5b). Sections of large surface nodules conformed to typical
histopathology of well-differentiated HCC (Figure 3.1.5c¢).

Next, we examined micro-array gene expression of livers in Arm 1 and 2 and tumours from
Arm 2, to characterize molecular profile of HCC metamorphosis in our current mouse model.
Interestingly a panel of recognized maker genes of progenitor/stemness hepatocytes were sig-
nificantly increased in HCC when compared to livers of either Arm 1 and Arm2. Expression
of liver progenitor cell markers lymphocyte antigen 6 family member D (Ly6d), Cd63, alde-
hyde dehydrogenase 18 family member Al (Aldh18al), four and a half lim domains 2 (Fhi2),
CD133/promonin 1 (Prom1), pyruvate kinase (Pkm), epithelial cell adhesion molecule (Epcam),
gamma-glutamyltransferase 1 (Ggtl), pannexin 1 (Panx1), ATP binding cassette subfamily C
member 1 (Abccl) and Capping actin protein-Gelsolin like (Capg) were increased in HCC com-
pared to corresponding cirrhotic livers and olive oil treated liver tissue . The presence of these
markers suggests that the tumours that arise in these mice have tumour initiating precursor or
stemness cell phenotype [250, 251]. Furthermore, glypican-3 (Gpc3) is the most highly over-
expressed membrane bound protein in HCC compare with non tumor liver. As expected, Gpe3
gene-expression in resected tumours of CCl4 treated livers was increased by 32.98 fold when

compared to olive oil treated livers. (Figure 3.1.6)
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Figure 3.1.5: Representative images of livers and stained liver /ftumour sections after 24weeks in
(a) olive oil (b) CCl4 experimental arms. Mosaic images (40x magnification) show normal liver
architecture in olive oil treated mice, whereas in CCl4 treated liver, intrahepatic steatotic nodule
can be seen. Expanded areas of respective stained liver sections are shown at 100x magnification.
(c) Representative H&E section of liver tumour shows salient histopathological findings of HCC;
endothelial cells lining sinusoids (red arrow), rosette-like structures around blood vessels (green arrow),
macrosteatosis- large fat vacuoles without nuclei {pink arrow), mitotic bodies-depict increased mitoses
(white arrows), eaosinophilic globules (black arrows), absence of portal tracts and hepatic lobules and
hepatocytes that appear to have prominent round nuclei with coarse chromatin and thickened nuclear
membrane (200x magnification).
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Figure 3.1.6: Alterations in progenitor and stem cell genes in CCl4 induced cirrhosis TG221 mouse
model. Gene expression was assayed by normalised microarray data from livers of Olive oil, CCl4
treated mice and tumours from CCI4 treated mice at 24 weeks. Data are represented as fold-change
compared to olive oil treated livers.

3.2 EARLY METFORMIN INTERVENTION ABROGATES FIBROSIS IN CC1.4 CHALLENGED
TG221 MICE

In patients, progression from asymptomatic liver fibrosis to decompensated cirrhosis takes sev-
eral years. Furthermore, once end-stage liver disease is reached, liver transplantation represents
the only option to improve quality of life in these patients [252]. Therefore, implementation
of early intervention strategies are aimed at preventing deterioration of fibrotic disease [253].
Since in the TG221 mouse model, CCl4 elevated serum levels of AST, ALT and induced fibro-
sis as early as 3wks, we hypothesized that chemoprevention strategies at this stage could possibly
prevent the progression of disease. TG221 mice (n=7) were treated daily by oral gavage with
metformin at 300mg/kg dosage starting at 3wks post induction of CCl4-challenge (Figure 3.2.1,
Arm 3). These mice were administered CCl4 up tol 4wks, similar to mice in Arm2 and met-
formin treatment was continued until the experimental end-point at 24wks. Three hours post

final metformin gavage, mice were sacrificed, and livers harvested.

Metformin intervention significantly decreased CCl4 induced liver fibrosis as evidenced by
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Figure 3.2.1: Experimental design of metformin treatments: (a) Metformin and control arms in
CCl4-challenged TG221 mice.
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Figure 3.2.2: Metformin intervention reduces fibrosis in CCl4-challenged TG221 mice. (a) Repre-
sentative trichrome staining of FFPE livers at 24 weeks without and with metformin intervention. (b)
Western blot analysis of a-Sma / Acta2 protein in livers with and without metformin intervention.
(c) Heat map for the expression of several collagen and a-SMA genes (Acta2 and Actal) in CCl4 only

livers, matched liver nodules, olive oil livers and metformin4+CCl4 treated livers. Intense red means
the highest expression; intense green the lowest.



collagen content, immunoblotting for a-SMA and gene expression analysis (Figure 3.2.2). Of
note, significant reduction of Collal, Col3al, Coldal expression and a-SMA protein levels in
livers indicates an inhibitory effect on HSC activation by metformin. We further confirmed that
metformin abrogated the expression of @-SMA 1n the human hepatic stellate cells [.X-2 cells in

vitro in a dose dependent manner (Figure 3.2.3).

a

LX-2 human hepatic stellate cells

NoRx Metformin Metformin

12hrs 24hrs
12hrs 24hrs ImM SmM ImM SmM

—— o-Sma
YT Y T

b Lx-2 cells (24hrs)

Control Metformin (1mM) Metformin (5mM)

Figure 3.2.3: Metformin prevents hepatic stellate cell activation in vitro: (a) Western blots of LX-2
human hepatic stellate cell lysates show decreased o-SMA expression when treated with metformin
in vitro in a dose and time dependent manner. Gapdh was used as loading control. LX-2 cells were
incubated in vitro with metformin (ImM & 5mM) for 24hrs. (b) Representative immunocytochemistry
merged images (100x) show decreased a-SMA (green) expression on metformin exposure. Nuclei are
stained with DAPI (blue).

3.3 FEARLY METFORMIN INTERVENTION ABROGATES STEATOSIS IN CCL4 CHALLENGED
TG221 MICE

Microvesicular steatosis 1s another feature of cirrhosis where excess lipid droplets are observed
in hepatocytes [254, 255]. Metformin significantly decreased accumulation of lipid droplets in
livers when compared to untreated CCl4 challenged mice (Figure 3.3.1 a,b). One of the well-
studied mechanism of actions of metformin, is its ability to activate AMPK [256]. AMPK has

been attributed to be a master regulator of cellular metabolism and energy homeostasis [257].
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Here, we confirmed by immunoblotting, that metformin increased the levels of total LKBI lead-
ing to increased phosphorylation of AMPK at Thr-172.
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Figure 3.3.1: Metformin intervention reduces steatosis in CCl4-challenged TG221 mice. (a) Cil
Red O (ORO) staining of sections from formalin fixed, OCT embedded and frozen livers at 24
weeks without and with metformin intervention. (b) Lipid droplets were morphometrically quantified
after ORO staining for average number and percentage staining area per field of vision in CCl4 and
metformin+CCl4 mice. ***P<0.001 **P<0.01. Each data point represents a single mouse (c)
Western blot analyses show that metformin induces AMPK activation and leads to the downstream
inhibitory phosphorylation of ACC at Ser-79, a rate-limiting step in fatty acid synthesis.
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Figure 3.3.2: Metformin prevents intracellular lipid accumulation in vitro: HepG2 cells were incu-
bated with metformin (1mM & 5mM) for 24hrs and 48hrs in vitro. (a) Representative images of cells
fixed and stained with ORO showing effects of metformin on intracellular lipid droplets. Amount of
lipids droplets was measured semi-quantitatively by retrieving ORO from cells and reading absorbance
at 450nm. (b) Bar graph represents quantity of ORO measured (OD450) in metformin treated cells
relative to untreated control cells (§ P<0.001, § § P<0.0001 compared to no treatment controls of
respective time points). Data presented as mean£SD of triplicates.

As a consequence of activation of AMPK, downstream mhibitory phosphorylation of ACC at
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Ser-79 was also determined (Figure 3.3.1¢). The enzyme ACC catalyzes the carboxylation of
acetyl-CoA to malonyl-CoA, the rate-limiting step in fatty acid synthesis [218]. Abrogation of
ACC activity might account for metformin mediated reduction in de novo lipogenesis in hepa-
tocvtes. Further in vitro, metformin significantly reduced intracellular lipid droplets in HepG2

cells in a dose and time dependent manner (Figure 3.3.2).

3.4 FEARLY METFORMIN INTERVENTION PREVENTS HCC N CCL4 CHALLENGED
TG221 MICE

Data on fibrosis and steatosis suggest that the change in the microenvironment could prevent
tumour appearance. As predicted, metformin treatment significantly decreased the number of
HCC tumours detectable at experimental end-point of 24 weeks (Figure 3.4.1 a,b) . Control
animals harboured 11.14 + 1.2 surface tumours, whereas metformin treated harboured 0.857 +
0.26 tumours, that amounted to 92% reduction (P<0.0001 Figure 3.4.1 ¢). Since we took into
account all surface nodules measuring greater than 1mm in diameter, we compared he total tumor
burden between control and metformin treated groups. Total tumor burden was defined as sum
of volume of nodules of each mice. Control mice had a tumor burden of 411.8 &+ 102.8 mm3,
whereas metformin treated mice had 1.024 + 0.46 mm3 tumor burden that amounted to a dramatic
99.75 % reduction (P<0.01 Figure 3.4.1 d).

Metformin further improved serum AST and ALT levels in treated mice, with a significant de-

crease in both AST and ALT levels compared to CCl4 only treated mice. (Figure 3.4.1 ¢).

In addition, histopathology of livers did not reveal any detectable in-situ nodules and lobar
architecture of the livers were intact with minimal hydropic changes of hepatocytes in met-
formin treated mice. Whereas, in control mice, abundant nodules varying from FNH-like to
HCC were noticed. Liver tumors in control mice had steatotic features and arose in a back-
ground of diffuse liver lesions characterized by hydropic and fatty changes, focal and confluent
necro-inflammation, fibrosis and stellate cell activation (Figure 3.4.2). These results suggest that

metformin inhibits initiation of liver neoplasms when intervened at an early stage of fibrosis.

We further investigated impact of metformin on formation of tumour spheroids in vitro. To model
solid tumors more accurately, several 3D culture systems are utilised, such as; tissue slice cul-
tures, scaffold -based cultures and multicellular tumour spheroids (MCTS) [258]. Of these, the
multicellular tumor spheroid (MCTS) model is the most well-characterized and the most widely
used model. Spheroids mimic tumor behavior more effectively than conventional 2D culture

systems as spheroids, similar to tumours, contain both surface-exposed and deeply buried cells,
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Figure 3.4.1: Metformin intercention prevents the appearance of turmor nodules in CCl4-challenged
Ti3221 mice. (a) Representative liver from a CCld-challenged mouse control. (b)) Representative liver
from a mouse treated with CCl4 and metformin. (c-d) Modules number and wolume in CCI4 mice in
comparison with mice that received metformin4+CCl4. The latter did not develop any tumor nodules.
FEEEP 0 0001 P <001 Each data point represents a single mouse. (&) Metformin intervention
improved serum levels of Aspartate transaminase (AST) Alanine transaminase [ALT). ¥¥¥ P <0 0001
¥P<005. AST-ALT levels are depicted as percentage change betwesn expermental arms at 24 weeks

time-point.
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Figure 3.4.2: Histopathology of liver and liver nodules in CCl4-challenged TG221 mice: (a) Liver
tumors in CCl4-challenged control mice had steatotic features and arose in a background of diffuse
liver lesions characterized by hydrepic and fatty changes, focal and confluent necro-inflammation,
fibrosis and stellate cell activation (H&E, 40x magnification). (b) Prominent background steatosis
in a control mice accentuated around terminal veins (H&E, 100x). (c) Metformin-treated mice had
livers with intact lobular architecture, minimal hydropic changes of hepatocytes and 'spotty’ cytolytic
foci (arrow)(H&E, 100x magnification).
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Figure 3.4.3: Metformin prevents initiation of multicellular tumour spheroids: Mouse Hep53.4 hep-
atoma cells were seeded without or with indicated concentration of metformin and representative
images of MCTS at time-points 24, 48 and 72 hours are shown (magnification 200X).

57



well-oxygenated and hypoxic cells, and proliferating and non-proliferating cells. Furthermore,
to model process of tumour initiation and propagation, MCTS are ideal to study the inherent
nature of cancer cells to form closely packed cell clusters [259]. Mouse hepatoma Hep53.4 cells
were seeded by hanging drop method to initiate MCTS in media without metformin and varying
concentrations of metformin. Hep53.4 cells formed MCTS by 24hrs in culture and spheroids pro-
liferated to become densely packed cells maintaining circularity by 72hrs. Metformin, interfered
with formation of MCTS in a dose dependent manner, where in 1 millimolar (mM) concentration
of metformin in media did not significantly affect spheroid formation, but decreased circularity
of formed spheroids. Atincreasing metformin dosage, 5SmM and 10mM formation of MCTS was
greatly hindered beginning at 24hrs and cells could not recover to orient into 3D cell clusters at
72hrs (Figure 3.4.3). These finding further support the notion that metformin inhibits initiation

of tumours.

3.5 MecuanisMms oF HCC CHEMOPREVENTION BY METFORMIN

Microarrays are remarkable tools for high-throughput screening of two or more samples for side-
by-side comparisons [260]. We first compared miRNA microarray expression profile of control
and metformin treated livers. Interestingly, significant number of miRNAs were upregulated
(fold change >2, |R|* > 80) by metformin (Figure 3.5.1). Further, we analysed pathways of
upregulated miRNA-target genes miRPathDB [261]. Union of predicted miRNA target inter-
actions extracted from miRPathDB pointed towards 33 key pathways. A detailed inspection of
the targeted pathways highlights that the miRNAs jointly regulate several parts of the signaling
cascades. However, PI3K/AKT, VEGE, type 2 diabetes mellitus and Proteoglycans in cancer
signalling pathways curated in KEGG database, were targeted by more than 10 miRNAs that
were upregulated by metformin (Figure 3.5.2a).

Similar metformin mediated global upregulation miRNAs has been reported in breast cancer
xenograft mouse models [262]. In this study, metformin was effective in inhibiting implanted tu-
mours and upregulated expression of miRNAs in tumour tissue on account of increased DICER 1
expression. Therefore, we probed for DICER1 protein expression in control and metformin
treated livers by western blot. Metformin significantly upregulated DICER1 expression in liver
when compared to control mice (Figure 3.5.2b). These results could explain global upregulation

of miRNA expression mediated by metformin.
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Figure 3.5.1: Metformin preferentially upregulates microRNAs in liver: miRNA expression is hierar-
chically clustered on the y axis, and liver samples from individual mice with and without metformin
clustered on the x axis. The legend on the right indicates the miRNA represented in the corresponding
row. T he relative miRNA expression is depicted according to the color scale shown on the right. Red
indicates upregulation; and green, downregulation.

Next, we explored the differences in gene expression profile of control and metformin treated
liver tissue with microarray. Gene Set Enrichment Analysis (GSEA) was performed on microar-
ray data from livers of untreated and metformin treated CCl4 exposed livers suggested direct
effects on cancer-associated pathways. Hallmark gene sets enriched significantly for epithelial
mesenchymal transition, adipogenesis, mTORC1, KRAS and PI3K/AKT/MTOR signaling path-
ways, with metformin negatively regulating these pathways (Figure 3.5.4). Confirming these in-
dications, we observed that metformin inhibited AKT phosphorylation in liver tissue along with
downstream key effectors S6 and 4EBP1 (Figure 3.5.3), albeit metformin had no apparent effect
on total or phosphorylated status of mTOR. Since PI3K/AKT pathway is a key regulator of cell
survival [263], metformin-mediated inhibition of AKT resulted in a higher level of apoptosis as

demonstrated by the increased cleavage of caspase 7 and PARP.
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Figure 3.5.2: (a) Metformin up-regulated miRNAs union on predicted pathways: Custom heat map
of pathway analysis for significant miRNAs and target genes supported by miRNA microarray data.
For each miRNA in a row and each pathway in a column, the negative decadic logarithm of the P
value is presented as color legend, indicating strong association of miRNAs targeting corresponding
pathways. White spots (0) mean that miRNA does not regulates the pathway and vis-a-vis blue (10)
spots mean strong regulation. (b) Western-blot depicting metformin mediated Dicerl over-expression
compared to untreated liver tissue lysate. Gapdh was used a loading control.
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Figure 3.5.3: Western blot- AKT pathway: Analysis of AKT pathway and apoptosis in liver tissue
lysates from CCl4 and CCl4+metformin treated mice. Gapdh was used as loading control
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Figure 3.5.4: GSEA- microarray gene expression profile: (a) The bar graph shows normalized enrich-
ment scores (NES) of gene set enrichment analysis (GSEA) on the Hallmark, KEGG and Reactome
gene sets for the phenotype metformin+CCl4 vs CCl4 livers (FDR<0.25) with gene expression mi-
croarray analysis. Asterisks indicate the gene sets for which (b) enrichment plots are shown with
corresponding NES and FDR.

Lastly, hepatomegaly was a salient feature in CCl4 treated mice. Metformin treatment reversed
hepatomegaly in mice, which 1s consistent with similar findings observed in mouse models of
obesity in previous studies [264]. Apart from anti-steatotic effects of metformin, other mecha-
nmisms such as regulation of autophagy are critical for maintenance of tissue homeostasis in liver
[265]. Therefore, we investigated protein expression of autophagy markers p62, LC3B-I and
LC3B-II in liver tissue lysates. Interestingly, CCl4 induced blockade of autophagy resulting in
accumulation of p62 protein and decreased turnover of LC3B-I to LC3B-II isoform. Metformin
activated autophagy in the liver and as consequence p62 expression was decreased and LC3B-II
isoform was evidently augmented (Figure 3.5.5 a). Autophagy has usually been viewed as a
major cell death mechanism in the mammalian organ systems. However, it is also considered as
indispensable tissue repair process to maintain homeostasis of cells, tissues, and and organisms
[266]. We further looked at expression of autophagy markers in liver of each of the mice in
metformin treated and untreated groups (n=7). There was a definite trend of activation of au-

tophagy in metformin treated mice and paradoxical inhibition in untreated livers of mice (Figure
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3.5.5h). These results might additionally explain inhibition of tumourigenesis mediated by met-
formin since, autophagy offers a protective tissue environment for tumor cells to surave during
malignant progression by supporting cellular metabolic demands, decreasing metaholic damage,

anoilkis resistance and dormancy [267].
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Je pense, donc je suis

René Descartes

Discussion

HCC and cirrhosis are the major life-limiting consequences of progressive chronic fibrotic liver
disease, cause by any etiology. Although complete HCC tumour resection or ablation at early
stages of disease is effective, underlying tumour conducive tissue microenvironment in the rem-
nant liver could give rise to recurrence of tumours that progress to unresectable advanced-stage
disease in majority of patients. Once tumours progress to advanced-stage, current approved
medical therapeutics provide meagre survival benefit and are not cost effective [55, 227]. Thus,
early detection and prevention of evolving HCC is, in principle, the most effective strategy to
improve patient prognosis. However, a bi-annual universal HCC screening for early detection of
tumours, as recommended by clinical practise guidelines, is less utilized mainly owing to under-
recognition of cirrhosis and unexplored areas of etiology specific HCC risk prediction [228]. In
such a context cancer prevention strategies become valuable means to decrease HCC burden in

at-risk for HCC population.

Cancer prevention strategies encompasses diverse variety of interventions such as, lifestyle changes
to reduce risk, aetiology specific environmental exposure interventions, preventive interventions
aimed at eradicating risk factor affliction and actively interrupting the carcinogenic pathway.

Primary prevention focusses on prophylactic elimination of HCC risk at an early stage before
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onset of the disease. For example, universal new born immunization programs against HBV
in Thailand in the early nineties and screening for HCV before blood transfusions during the
same time-period have been effective in preventing respective viral hepatitis infection. As a
consequence of these public health measures, hepatitis virus associated HCC risk has greatly de-
creased in general population [229, 230]. Secondary or tertiary prevention covers early detection
and chemoprevention of HCC occurrence or recurrence, in patients already prone to actiolog-
ical agents [231]. The discovery and development of cancer chemoprevention strategies have
been challenging. There has been scarce progress over the past decades owing to elusive mecha-
nisms of human carcinogenesis [232]. It is not feasible to verify mechanisms of cancer initiation
in patients that are inferred from preclinical studies, because it is ethically and logistically dif-
ficult to monitor cancer-free individuals with molecular assessment for long durations until a
cancer develops. To overcome this challenge, a reverse-genetics approach has been proposed, in
which clinically relevant targets are first identified in clinical cohorts with completed long-term
follow-up, and subsequently validated in experimental systems [233]. Another factor limiting
chemoprevention development is suboptimal animal models that may not resemble human dis-
ease, leading to false discovery of chemoprevention targets and biomarkers; these approaches

may be improved by more sophisticated modelling strategies [234].

Transgenic mouse model (TG221) with induced cirrhosis background described in this study,
could over-come these hurdles. In HCC, miR-221 is frequently upregulated and affects multiple
cancer pathways [235]. Chronic exposure to hepatotoxin like CCl4 in these mice resulted in
sequential degree of liver fibrosis that progressed to cirrhosis and HCC. Histopathological and
molecular profile of cirrhosis and tumours of livers in these mice recapitulate human disease

process and could be an ideal model to study generic chemoprevention strategies.

Given the elevated risk of HCC type 2 diabetes patients, anti-diabetic therapies may be ratio-
nal HCC chemopreventive strategies. Metformin, a biguanide derivative, inhibits hepatocellular
gluconcogenesis and lipogenesis [161, 236]. Metformin chemo-intervention at early fibrosis
stage in TG221 cirrhosis mouse model, effectively abrogated formation of liver tumours. Met-
formin hepato-protective effects could be explained primarily by four mechanisms; 1) reduced
epithelial to mesenchymal transition and liver fibrosis, 2) decreased lipogenesis, 3) induction of

autophagy and 4) increased apoptosis and reduction of hepatocytes proliferation.

4.1 METFORMIN REDUCED EMT AND LIVER FIBROSIS

The EMTs associated with wound healing, tissue regeneration, and organ fibrosis begins as part

of a repair-associated process that normally generates cells like fibroblasts in order to recon-
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struct tissues following trauma and inflammatory injury. In the setting of organ fibrosis, EMT
can continue to respond to ongoing inflammation, leading eventually to organ destruction. Tis-
sue fibrosis is in essence an unabated form of wound healing due to persistent inflammation.
Inflammatory cells and fibroblasts secrete a variety of components of complex extracellular ma-
trix products such as collagens, laminins and ¢lastin [237]. In particular a-SMA, collagen 1
and collagen I'V are considered to be reliable markers to characterize the mesenchymal products
generated by the EMTs that occur during the development of liver fibrosis [238]. Furthermore,
livers accommodate hepatic stellate cells that are localized in the subendothelial space of Disse,
interposed between liver sinusoidal endothelial cells and hepatocytes. HSCs represent 10% of
all resident liver cells. In normal physiology, HSCs maintain a non-proliferative, quiescent phe-
notype. Following liver injury or culture in vitro, HSCs become activated, transdifferentiating to
myofibroblasts, which are proliferative and contractile cells and are characterized by enhanced
ECM production [239]. Metformin significantly decreased EMT associated gene expression,
activation of HSCs and deposition of extracellular matrix proteins, thereby improving CCl4 in-

duced liver fibrosis.

4.2 LKBI/AMPK DEPENDENT ACC INACTIVATION BY METFORMIN L.EADS TO RE-

DUCED HEPATIC LIPOGENESIS

The liver plays a key role in regulating whole-body energy metabolism. AMPK is a highly con-
served master regulator of metabolism, which restores energy balance during metabolic stress
both at the cellular and physiological levels. Metformin-mediated AMPK activation, results in
phosphorylation and inhibition of ACC. Depletion of ACC activity reduces conversion of acetyl-
CoA into malonyl-CoA, leading to fatty acid oxidation and inhibition of fatty acid synthesis.
AMPK is an energy sensor and master regulator of metabolism and functions as a fuel gauge
that monitors systemic and cellular energy status. AMPK activity is induced via phosphoryla-
tion at Thr172 by LKB1, upon increase in intracellular AMP/ATP ratio leading to a metabolic
switch from anabolism to catabolism. Further downstream, activated AMPK phosphorylates
key metabolic enzymes, such as ACC, and transcription factors, thereby inhibiting synthesis of
building blocks required for cellular growth like, glucose, lipids, and proteins. At the same time,
activated AMPK stimulates catabolism of fatty acids and glucose uptake. previous studies have
shown that regulation of ACC acetylation by AMPK is conserved in yeast and mammalian cells
[218]. The mechanism by which metformin induces AMPK activation remains elusive, although
consensus suggest that metformin mediated decrease in mitochondrial ATP production results in
AMPK activation. An increased rate of fatty acid synthesis is essential for tumor progression.

Blocking lipid biosynthesis by inhibiting lipogenic enzymes, such as ACC, fatty-acid synthase,
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ATP-citrate, decreases proliferation and increases apoptosis of cancer cells. At the cellular level

decrease hepatocytes displaved reduction in micro-steatosis both in vivo and in vitro.

4.3  METFORMIN INDUCES AUTOPHAGY

Autophagy is one of the major degradation pathways in the cell. Intracellular components are
sequestered by autophagosomes and then degraded upon fusion with lysosomes. Genetic studies
of veast have identified more than 30 autophagy-related (ATG) genes that are essential for au-
tophagy. Evidence has suggested that autophagy is also involved in tumor suppression. Possible
tumor suppressive mechanisms thus far proposed in cell culture and allografted tumor models
include suppression of tumorigenic inflammation, mitigation of metabolic stress and genomic
damage and p62 degradation [240, 241]. Our results suggest that autophagy is inhibited and
p62 is accumulated in cirrhotic livers, thereby creating a tumour conducive tissue environment.
Metformin intervention reversed this effect by inducing autophagy and a consequence p62 was
degraded in the liver tissue. Previous studies in autophagy deficient mice, in particular ATGS
and ATG7 deficient mice have shown that multiple benign tumors developed only in the liver,
but not in other tissues. Swollen mitochondria and oxidative stress and genomic damage re-
sponses were detected in the hepatic tumor cells. Furthermore, strong p62 accumulation was
documented in livers of these mice. Subsequently, concomitant p62 deletion in these mice, sig-
nificantly reduced size and number of liver tumours that formed. Therefore, we could conclude
that continuous autophagy is important for suppression of tumorigenesis in the liver, and met-
formin reversal of accumulation of p62 by autophagy resulted in induction of autophagy, thereby

contributing to tumour suppression effects of metformin.

4.4  METFORMIN INDUCES APOPTOSIS BY INHIBITING AK'T PATHWAY

Pi3k/Akt pathway plays a critical role in controlling cell survival and apoptosis. Akt is known
to be implicated in several types of cancer, including pancreatic, breast cancer, gynecological
cancers and glioblastoma. In a transcriptome-based meta-analysis of 523 human fibrotic livers
Akt was identified as a pan aetiology HCC risk driver [242]. However, surprisingly, liver specific
Akt knockout and chemo-intervention with pan-Akt inhibitors in mice resulted in aggressive
HCC tumours [243]. On the contrary, similar lung cancer pre-clinical studies targeting Akt have
demonstrated protection against tumourigenesis [244-246]. This paradoxical observation might
be due to pan-Akt inhibitor therapy being hepatotoxic unto itself, resulting liver injury and might

exaggerate inflammation and consequently leading to carcinogenic tissue microenvironment. In
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our study, metformin did not affect expression of Akt but abrogated phosphorylation of Akt.
Subsequently, downstream signalling effectors of Akt were likewise down-regulated. Suggesting
that upstream signalling of Akt, receptor tyrosine kinases and Pi3k should be down-regulated as
well. This resulted in cleaved apoptosis proteins Parp and caspase-7, thereby enhancing apoptotic
process. Thus, inhibition of Akt activation might be an essential strategy to suppress liver cancer

progression via apoptosis and suppression of cell proliferation.

4.5 CoNCLUSION

Epidemiological studies evaluating efficacy of metformin use in reducing HCC risk in DM2
patients have not been conclusive (Table 1.6.1). Chemo-prevention clinical trials in HCC are
disadvantaged by the long latency period from fibrosis to development of cirrhosis or HCC.
A select few HCC prevention clinical trials have been initiated. Phase I/II trial with erlotinib
was initiated in cirrhosis patients to evaluate HCC prevention (NCT02273362). However, the
study was suspended probably due to toxicity described in pre-clinical studies [247]. Statins
are other class of drugs that are being evaluated for HCC prevention. Atorvastatin is being
evaluated in a phase IV trial in early stage HCC post curative therapy for recurrence prevention
effects (NCT03024684). Metformin phase III and phase II trials to evaluate secondary HCC
prevention, change in liver fibrosis in HCV infected patients respectively were terminated based
on decision of the nvestigator (NCT02319200) or lack of funding (NCT02306070). Further a
phase III trial of metformin with or without celecoxib, a COX2 inhibitor for tertiary prevention
in patients who underwent HCC resection is currently recruiting participants (NCT03184493).
Our results suggest a definitive rationale for clinical translational metformin chemo-prevention in
early stages of liver fibrosis to effectively reduce the risk of HCC occurrence and even prolongthe
chronicity of underlying liver disease. Currently there are no strategies or guidelines for detection
of liver fibrosis at early stages in general population. However, effective non-invasive methods of
accessing early stage liver fibrosis have been proposed in at risk for cirrhosis population cohorts,
that essentially support the concept of liver fibrosis screening in general population [248-251].
This approach could better equip clinicians and further studies in prevention of chronic liver
disease and HCC.
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The future vewards those who press on. [ don't have
time to feel sorvy for myself: I don't have time to com-
plain. I'm going to press on.

Barack Obama

Future perspectives

In summary, our current pre-clinical study has generated a great deal of data on primarily two
fronts. 1) Reliable mouse model of hepatocellular carcinoma with cirrhosis background, and
2) Rationale for metformin early intervention in non-diabetic clinical setting for prevention of

hepatocellular carcinoma.

We described in detail progression of liver fibrosis from early fibrosis (Isahk score 1) to cirrhosis
(Ishak score 4) and tumourigenesis (chapter 3.1.1). These time points delineated were uniform
and could provide a road map to future chemoprevention studies aimed at studying liver cancer
prophylaxis at different stages of liver fibrosis leading up to HCC progression. Along those lines,
our lab group has investigated HCC prophylaxis potential of miR-199a-3p mimics and anti-miR-
221 at Ishak score 3 stage in the described mouse model of HCC. The results so far have been
exciting as these molecular therapies were able to curtail the growth of tumours in these mice,
thereby providing valuable insight into role of small non-coding RNAs in tumour progression

(unpublished- manuscript under consideration).

Based on the observations in chapter 3.2 that reduction of fibrosis and steatosis in liver was
beneficial and prevents tumourigenesis, we could postulate a few potential hypotheses towards

HCC chemoprevention.
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Fibrosis, characterized by excess accumulation of extracellular matrix (ECM) contributes to de-
velopment of HCC. Continuous intense researches on drugs targeting fibrosis have resulted in
several class of drugs targeting extracellular factors such as growth factors, cytokines, matrix
metalloproteinases, endothelin-axis and angiotensin. A new class of drugs antagonizing type 1
lysophosphatidic acid (LPA) receptor has been developed and is under investigation in clinical
trials for the treatment of systemic fibrosis [288]. Recently AKT and LPA pathway were identi-
fied as potential targets for HCC chemoprevention by retrospective studies in a large cohort of
cirrhosis and HCC patients [278].

Intrahepatic lipid lowering effect of metformin could also contribute to its hepatoprotective ef-
fect. These observations open up avenues to explore use of statins in HCC chemoprevention.
For millions of people, taking a statin represents an integral part of everyday life. According
to data from CDC 26% of Americans use some form of lipid-lowering drugs [289]. Stating ac-
count for majority of lipid-lowering drugs used to decrease cholesterol levels and reduce the risk
for cardiovascular disease, myocardial infarction and stroke. Several preclinical studies have
shown anti-neoplastic and anti-inflammatory properties of statins, and multiple clinical observa-
tional studies have shown a significant protective effect from statin use in certain cancers with
metabolic aberrations [290]. However, discord exists among researchers as to the anti-neoplastic
effects of statins. Clinicians also may discontinue statin use specifically in chronic liver disease

due to fear of hepatotoxicity solely based of select few case reports [291].

Our mouse model of HCC might be an appropriate pre-clinical model to test these hypotheses at
several stages of HCC development and characterize preventive cellular and molecular mecha-

nism at play.

As pointed out in chapter 1.6.3 several observational studies in type 2 diabetes mellitus patients
have associated metformin use with reduced cancer risk and mortality. However, our pre-clinical
study suggests that metformin could be beneficial in non-diabetic population as well. Metformin
has a broad safety profile with negligible risk of hypoglycaemia in monotherapy and relatively
few drug interactions of clinical relevance. The most serious clinical risk associated with met-
formin is the development of lactic acidosis. Typically, this occurs in patients with compromised

renal function, where in systemic drug clearance in severely affected.

Hepatotoxicity of metformin in patients with impaired liver function has not been reported in
observational studies or clinical trials, but a few select case reports in compromised chronic
liver disease [292]. Therefore, there is minimal evidence to withhold prescribing metformin in
patients with elevated liver transaminases. The most common side effects of metformin are gas-
trointestinal and include diarrhea, abdominal bloating, nausea and anorexia. A few clinical trials
(NCT02319200, NCT02306070) were initiated for metformin use in chronic liver disease with
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aims to prevent development of HCC. These trials could not be completed due to no scientific
reasons. Since, the chronicity of liver disease has a long latency period before a diagnosis of
HCC, funding, recruitment of patients and their follow-up might be a challenge. Albeit, it would

be worthwhile to study HCC prevention and metformin use in both diabetic and non-diabetic

settings.
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