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TREATMENT OF DISEASES ASSOCIATED WITH HEPATIC STELLATE
CELL ACTIVATION USING AMMOMNIA-LOWERING THERAPIES

RELATED APPLICATIONS
[Baa1] The present application claims priority under 35 U.S.C. § 11%e) to
U.S. Provisional Application No. 61/694,679, filed on August 29, 2812, which is herein

expressly incorporated by reference in its entirety.

BACKGROUND
Field

{6682] The present application relates to the fields of pharmaceutical
chemistry, biochemistry and medicine. One aspect relates to the treatment and/or
prevention of diseases associated with hepatic stellate cell (HSC) activation using

anmmonia-lowering therapies.

Description of the Related Art

[3683] Hepatic stellate cells (HSCs} are pericytes found in the perisinusoidal
space of the Hver. Within the liver, steliate cells play an important rele in maintaining
architectural integrity of the liver and are jovolved o fibrosis and liver cancer

evelopment. In normal liver, H3Cs are in a quicscent state, When the liver is damaged,
HSCs can change into an activated state. The activated stellate ccll is characterized by
proliferation, contractility and chemotaxis. Various diseases can result from the activation
of H8Cs, for example, non-alcoholic fatty Hver discase (NAFLD}, fibrotic conditions, and
liver cancer.

{0084] Various prevention, treatment and management strategios for diseases
associated with the activation of HSCs are currently available depending upon the
severity of the sympioms. There is a nced for additional therapics for treating or

preventing those discases.

SUMMARY
[6885] Some embodiments disclosed herein provides a method of treating a

discase assoctated with hepatic stellate cell (HSC) activation, wherein the method
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comprises performing an ammonia-lowering therapy on 2 subject in need thereof. Alse
disclosed is a method of delaying the onset or progression of a disease associated with
HSC activation, wherein the method comprises performing an ammonia-lowering therapy
on a subject n need thereof. In some embodiments, performing the ammonia-lowering
therapy comprises adnunistering an ammomnia-lowering agent to the subject.

{63861 In some cmbodiments, the discase assoctated with HSC activation is
nog-alcoholic fatty liver disease (NAFLD).  The NAFLD can be, for example, non-
alcoholic steatohepatitis (NASH) or steatosis.

{66871 In some cmbodiments, the discase assoctated with HSC activation is
liver cancer. In some embodiments, the discase associated with HSC activation 18 a
fibrotic condition. The fibrotic condition can be, for example, Hver fibrosis. In some
cmbodimenis, the subject is suffering from non-aiccholic fatty fiver discase (NAFLD).

{6088] Some embodiments provide a method of proventing non-alcoholic fatty
liver disease (NAFLD), wherein the method comprises performing an ammonia-lowering
therapy on a subject in need thereof. For example, the NAFLD can be non-alcoholic
steatchepatitis (NASH) or steatosis. In some cmbodiments, performing the ammonia-
lowering therapy comprises administering an ammonia-lowering agent to the subject.

[3889] In some embodiments, the ammonia-lowering agent s, or comprises, a
magnesium  phosphate  product (MGP), glycerol  phenyibutyrate (GPB), sodium
phenyiacetate, sodium  phenylbutyrate (NaPBA), ghutamine, sodium benzoate, L-
arabinose, a laxative, an antibiotic, orpithine in combination with at least one of
phenyiacetate and phenylbutyrate, or any combination thereof. In some embodiments, the
ammonia-lowering agent is, or comprises, omithine in combination with at least one of
phenylacetate and phenylbutyrate.

{8014} In the methods disclose herein, In some ombodiments, separate
pharmaceutically acceptable salts of the ornithine and at least one of phenylacetate and
phenyibutyrate are administered to the subject. In some embodiments, at least one of
phenyiacetate and phenylbutyrate is administered as a sodium phenylacetate or sodium
phenyibutyrate. In some embodiments, the omnithine is administered as a free monomeric
amino acid or physiclogically acceptable salt thercof. In some embodiments, the omithine
and phenylacetate is administered as ornithine phenylacetate.

{8813 In some embodiments, the administration is oral, infravenous,

infraperitoneal, intragastric, or intravascular administration, In some embodiments, the
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administration is intravenous admpustration. o some embodiments, the administration 1s

oral administration

BRIEF DESCRIPTION OF THE DRAWINGS

10612] Figures 14~ show ammonia reduces in a dese dependent manner cell
proliferation and metabolism fo primary humean Hepatic Stellate Cells i vitro. Figure 1A
shows anupornia inhibits DNA synthesis (Brdl)) and metabolic activity (MTS), and
Figure 1B shows the inhibition is achicved without inducing cell death. Figure 1C shows
that amumonia induced strong morphological changes in a dose-dependent maunner ie.
from myofibroblast-like cells into spindle like fibroblasts as was observed by light
microscopy and by Neutral Red cell viability test (28X, 40X). Bar graphs show means of
three independent values = SD. *P < .05, **P < .01 anpd ***P < (.001 vs.
corresponding values of serum free medim (SFM).

180131 Figures 2A-F show ammonia induces alterations in cytoplasmic stress,
which coincides with changes in cellolar metabolispy/function, contraction, and actin
cytoskeleton architecture. Figure 2ZA are Transmission Electron Microscopy (TEM)
images showing that ammonia o a dose-dependent manner capsed dramatic
morphological changes with appesrance of cytoplasmic vacuoles (V=vacuoles;
N=nucleus). Figure 2B shows recovery of cell profiferation after depletion of ammonia-
rich culture medium. Bar graphs show means of three independent values + 8D, *P <
(.05 and **¥P < (0,001 vs. SFM. Figuores 2C and 2D depicts results from a collagen ge
contraction assay showing that ammouia induces hHSC contraction. Bar graphs show
means of 2 independent experiments (values £ SD. *P < 0.05 and **P < 0.01 vs.
corresponding valoes of SFM. Figure 2E shows that ammonia-induced HSC contraction
coincides with changes in morphology. Figare 2F shows that prolonged treatment (72h)
with ammonia indoces in a dose-dependent mammer the re-organization of filamentous
actin (TRITC-Phalloidin staining}.

[Ba14] Figures 3A-C show ammonia induces ROS production. Figure 34
shows that prolonged treatment of hHSC with anwnonia for 72 hours induces ROS
production in hHSC. The formation of reactive oxygen species (ROS) was measured
using Image-IT"™ LIVE Green Reactive Oxygen Species Detection Kit, In Figure 3B,
mean fluorescence imtensity (MFD of ROS signal was normalized according o the

number of cells (Hoechst 33342), and expressed as percentage of control, Bar graphs
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show means of three independent values = SD., ¥¥%P < 0,001 vs corresponding values of
SEM. Figure 3C shows that jyperammoncmia increases mRNA expression level of ROS
marker 30D2 at 3 and 24 hours. Bar graphs show means of 2 independent valaes + 5D,
FEEL < 001 vs corresponding values of SFM. Figure 3D shows NAC-induced ROS
scavenger reduces ammonia-induced SOD2 mRBRNA expression at 24 hours. Bar graphs
show means of 2 independent values £ SD, *F£ < .05 **P < 0.01 vs corresponding values
of SFM.

{B015] Figures 4A-C show ammonia modifics mRNA expression and protein
level of several pro-inflammatory and HSC activation markers. Figure 4A shows that
ammonia affects protein expression of a-SMA, vimentin, PDGE-RB, Myosin Ha and b,
and p-38 MAPK. Figure 4B shows that ammonia induces up-regulation of MMP2
mENA whereas TIMP1 mRNA s down-regulated. Figure 4C shows that Interleukin 15
and Interlenkin 1IL6 mRNA expression are upregulated. Bar graphs show means of three
independent values £ 3D, ¥F < 0.05, **P < .01 and ¥*¥F < 0.001 vs. corresponding
valaes of SFM.

{0316} Figures 5A-B show hyperanmumonemia treatment further enhances
BDL-induced HSC markers in vivo. Figure 5A shows that plasma levels of ammonia are
significant upregelated in BDL and AAs-fed BPL animals in comparison to sham
operated rats (*F < 0.05 and **P < (.01 vs Sham). OP treatment reduces significant
ammonia in BDL-AAs-fod animals in comparison to BDL animals (%2 < (.61}, Figure
8B shows that hyperammonemia treatment in BDL-induced fibrosis showed an additional
significant increase in Myosin b, Collagen type T and PDOF-RP protein expression in
comparison to BDL-induced fibrosis (**F < .01 and ¥%%F < 0.001). In contrast,
treatmoent with OP, abrogated the strong effect of AAs-fed BDL on all H3C-related
activation markers (¥2 <0.05, ¥*2 < 0.01 and ¥**¥P <Q.001).

[Ba17] Figure 6 shows cxpression of orpithine transcarbamylase (OTC)
protein and gene o rats fed a normal and a high-fat high-cholesterol diet for 10 months
and recovery for 2 months.

10818] Figure 7 shows OTC gene expression in wdce fod a methionine-
choline deficient diet (MCD) for 4 weeks and treated with or without carbon,

{6019] Figure 8 shows OTC gene expression in NAFLD human patients with

simple steatosis or NASH-+fibrosis during bariatric surgery.

o
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DETAILED DESCRIPTION

{6628] in the following detailed description, reference is made to the
accompanying drawings, which form a part hercof.  The illustrative embodiments
described in the detatled description, drawings, and claims are not meant 1o be hmiting.
Other embodiments may be utilized, and other changes may be made, without departing
from the spirit or scope of the subject matter presented here. 1t will be readily understood
that the aspects of the present disclosure, as genevally described herein, can be arranged,
substituted, combined, and designed in & wide varicty of different configurations, all of
which are explicitly conterplated and make part of this disclosure.

Definitions

10621] As used hercin, & “subject” refers to an animal that is the object of
freatment, observation or cxperiment.  “Animal” mcludes cold- and warm-bleoded
vertebrates and nvertebrates such as fish, shellfish, reptiles and, in particular, memmals.
“Mamnval” includes, without hmitation, mice; rats; rabbits; guinga pigs; dogs: cals;
sheep; goais; cows; horses; primates, such as monkeys, chimpanzees, and apes, and, in
particular, bumans.

16622] As used herein, 2 “patient” refers to a subject that is being treated by a
medical professional, such as a Medical Doctor {i.e. Doctor of Allopathic medicine or
Doctor of Osteopathic medicine) or a Doctor of Veterinary Medicine, to attempt to cure,
or at least amchiorate the offects of, a particular discase or disorder or to prevent the
disease or disorder from oceurring in the first place.

188231 As used herein, "administration” or "administering” refers to a method
of giving a dosage of a pharmaceotically active ingredient to 8 vertebrate.

{88341 As used hevein, a “unit dosage” vefers to an amount of therapeutic
agent administered to a patient n a single dose.

[0825] As used herein, a “datly dosage” refers to the total amount of
therapeutic agent adninistered 1o a patient in a day.

{8826} As  uwsed  herein, “‘therapeutically  effective  amount”  or
“pharmacecutically effective amount” is meant an amount of therapeutic agent, which has
a therapeutic effect. The dosages of a pharmaceutically active ingredient which are useful
in treatment are therapeutically effective amounts. Thus, as used hevein, a therapeutically
effective amount means those amounis of therapeutic agent which produce the desived

therapeutic effect as judged by clinical trial results and/or model animal studies.
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{66271 As used herein, a “therapeutic effect” relieves, o some oxtent, one or
more of the symptoms of a disease or disorder. For example, a therapeutic effect may be
ohserved by a reduction of the subjective discomfort that is communicated by a subject
{e.g., reduced disconmfort noted in self-administered patient questionnaire).

{0628] “Treat,” “freatment,” or “treating,” as used hercin refers to
administering a compound or pharmaccutical corposition o a subject for prophylactic
and/ot therapeutic purpeses.  The term “prophylactic freatmoend” refors to treating a
subject who does not vet exhibit symptoms of a disease or condition, but who is
susceptibie to, or otherwise at risk of, a particular discase or condition, whereby the
treatraent reduces the likelibood that the patient will develop the disease or condition.
The term “therapeutic treatment” refers to aduunistering treatment to a subject already
suffering from a discase or condition.

Abbreviations
BDL = bile duct ligation.
OP = ornithine, phenylacetate

i
]
{8831 OTC = ornithine transcarbamylase
1 GS = ghatamnine synthetase
i

HSC = hepatic stellate cell

Ammonia-Lowering Therapies

[0834] Ersclosed herein are various ammonia-lowering therapics that can be
used to reduce the ammonia level in a subject. For exampie, one or more ammonia-
fowering agents can be used in the therapy to reduce the ammonia fevel in the subject. As
used herein, the term “ammonia-fowering agent” refers to a subsiance that can be used to
fower the ammonia level in a subject. The mechanisim by which the ammonia-lowering
agent lowers the ammonis level can vary. For exampie, the anunonia-lowering agent may
fower the ammonia level in 8 subject by redocing the gencration of ammonia in the
subject, or by absorbing the anunonia in the subject, or drawing ammonia into the colon
and removing ammomia through a laxative effect, or any combination thereof. In some
embodiments, the ammonia level in the subject can be the level of ammonia in the blood
(e.g., plasma) of the subject. In some embodiments, the ammonia-lowering therapy

comprises administering one or more ammonia-lowering agents to the subject.



WO 2016/085887 PCT/US2015/062223

16035] Non-linmiting cxamples of ammonis-lowering agents include, or
comprise, magnesium phosphate product (MGP), glycerel phenylbutyrate (GPB), sodium
phenyiacetate, sodium  phenylbutyrate  (NaPBA), glutamine, sodium  benzoate,
chlorophyll, L-arabinose, laxatives, antibiotics, orpithine in combination with at least one
of phenylacetate and phenyibutyrate, and any combination thereof. The ammonia-
lowering agents can be present, for example, in 2 pharmaceountical cormgposifion, a
nutraceutical composttion, a probiotic composition, or any combination thereof.
Laxatives are substances that can loosen stools and jncrease bowel movements. Laxatives
can be used to lower ammonia levels o gastrointestinal tract of a subject, for example by
altering bacterial flora in the subicet’s gastroimtestinal tract and making fow organisms
available 10 produce anwnomia. Exanoples of laxatives mnclude, but are not Hmited to,
factulose.

{6036] The ammonia fowering agent can be, or compriscs, onc of Mmore
antibiotics. For example, the ammonia lowering agent can be administered by the oral
route to allow the antibiotic(s) to act in the gastrointestinal tract. Without being bounded
by any particular theory, it is believed that the antibiotic(s) can reduce ammonia-
producing bacteria from the intestine to reduce the ammonia level in the subject. Non-
limiting examples of the antibiotics include ncomycin, vancomycin and rifaximin
{Xifaxan).

{80371 In some embodiments, different ammoenia lowering agents are used in
combination to reduce the ammonia level in the subject. For example, one or more
faxatives and one or more antibiotics can be administered fo the subject to reduce
ammonia level in the subject.

{B038] As another non-hmiting example, the ammonia-lower therapy can be,
or comprise, adjusting the composition of gut microbiotas in the subject. In some
embodiments, adjusting the composition of got microbiota of the subject comprises
bacterial transplantation, such as fecal transplantation. In some embodiments, adjusting
the composition of gut microbiota in the subject comprises increasing the level of one or
more bacterial species lacking or having low grase activity in the gut microbiota of the
subject. In some embodiments, adjusting the composition of gut microbiota in the subject
comprises replacing the native gut microbiota of the subject with a composition having
high level of one or more bacterial species lacking or having low urase activity. In some

embodiments, adjusting the composition of gut microbiota in the subject comprise



WO 2016/085887 PCT/US2015/062223

administering to the subject a composition comprising one of more bacterial species
lacking or having low wvrase activity. Examples of the bacteria lacking or having low
urease activity include, but are not limited to, Parabactercides, lLachnospiraceae,
Ruminococcaceae, Bubacterium, Mucispirillum, Lactobacillus, and Clostridium, In some
embodiments, the bacteria lacking or having lower wrease activity is Clostridia,
Mugcispiriltum schaedleri, Parabacteroides, Lactobacilli, or any combination thereof In
some embodiments, the ammonia-lowering therapy comprises transplanting Schaedler
flora (ASF), which consists of 8 murine gut commensal bacterial strains that were
assembled n the 19708 and standardized by the National Cancer Institute i 1978
(Dewhirst et al., Appl. Environ Microbiol. 1999; 63(R):3287-3292, to the subject.
Without being Hmited by any particular theory, it is belicved that bacterial urease
converts  host-derived wrea to smmonia and carbon  dioxide, contributing to
hyperammonemia and gut microbiota having no or reduced urease activity can redoce
anmmonia production and thus ammmonia level in the subject.

{0639] In addition, the ammonia-lower therapy can be, or comprise, gene
therapy to correct gene defects that contribute to hyperamumonenia in the subject, For
example, hyperammonemia can be caused by defects in geves encoding enzyraes
involved in the urea cyele, inchiding but not limited to, Ornithine Transcarbamylase
{OTC) gene, Carbamyl Phosphate Synthetase {CPS1) gene, Argininosuccinic Acid
Synthetase  (AAR), Argininosuccinate  Lyase  (ASL), and  Arginase  {(AG).
Hyperaounonemia can also be caused by defects in cystathione beta synthase (CBS) gene
and glutaraine synthetase gene. The gene therapy can be performed by methods known in
the art. For example, recombinant viral vectors {e.g., adeno-associated viral vectors and
baculovius vectors) can be used to deliver {e.g., targeted delivery to Hver cells) the
missing gene{s) to the subject to reduce the ammonia level in the subjoct See e.g.,
Torres-Vega ot al. Gene Therapy (2015) 22, 58-64 (the cutire content of which is
incorporated herein by reference). In some embodiments, AAV vectors comprising the
intact OTC gene are administered into a subject in need thereof to reduce the amumonia
level in the subject. In some cmbodiments, AAV vectors comprising the intact glatamine
synthetase gene are administered into a subject in need thercof to reduce the amuonia

level in the subject.
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Treatment and Prevention of Dseases Associated with HSC Activation

{66401 Hepatic stellate cells (HSCs) are liver-specific mesenchyvmal cells that
play important roles m Hver physiology and fibrogenesis and maintaining architectoral
integrity of the liver. HSCs are generally located in the space of Disse and maintain close
interactions with sinusoidal cndothehial cells and hepatic epithelial cells. HBCs
orchestrate many important fusctions in the liver and their dysfunction is associated with
various pathological conditions. HSCs can impact the differentiation, proliferation, and
morphogenesis of other hepatic cell types during liver development and regeneration.

[0641] In normal liver, H8Cs are in a quicscent state, HSCs can change indo
an activated state when the liver is damaged. For example, following acute or chronic
fiver injwry, HSCs undergo phevotypic  transformation from  “guiescent” (non-
proliferating and won-contraciiic) to “activated” {(promitogenic, profibrogenic, and
proinfiammatory Myofibroblasis-like) cells. Morcover, during the process of activation,
HSCs become highly contractile and have the necessary machinery to contract or relax in
response to a number of vasoactive substances/stimuli. Activated HSCs can produce a
wide array of cytokines and chemokines which may directly enhance the proliferation of
liver progenitor cells and hepatocytes. HSCs are involved in, for example, fibrosis and
liver cancer development. HSC activation can lead to various diseases, conditions and
symptoms, mcluding but pot Hmited to, nop-alccholic faity liver disease (NAFLD),
fibrotic conditions {for cxample liver fibrosis), liver cancer, and any combination thereof.
Nop-limiting cxamples of liver cancer include hepatocelluiar carcinoma (HCC) and
hepatoblastoma. Tn some cmbodiments, the methods of treating and/or preveuting
diseascs associated with HSC activation comprise identifying a subject suffering from or
at the risk of devcloping & diseasc associated with HSC activation. In some embodiments,
the discase associated with HSC activation can be NAFLD, liver fibrosis, liver cancer, or
any combination thercof.

[6842] MNAFLD refers to a group of conditions where there is accomulation of
excess fat in the hver of people who drink little or no alcohol. NFALD is a common Hver
disorder in developed countries. The most common form of NAFLD is a non-sericus
condition called fatty liver. NAFLD oceors when fat is deposited (steatosis) in the Hver.
Although having fat in the Hver is not normal, by itself # probably does not damage the
liver. NAFLD is a common cause of fibrosis. NAFLD is sometimes suspected in an

overweight or obese person whe is found to have mild elevations in their hiver tests
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during a routine blood testing or incidentally detected on radiologic investigations such as
abdominal ultrasound or CT scan.

{6843] Non-alcoholic steatohepatitis (NASH) i3 a more sericus form of
NAFLD. In NASH, fat accumulation is associated with Hver cell inflammation and
ditferent degrees of scarring. NASH is a potentially serious condition that may lead to
sgvere tiver scarring and circhosis. Without being bound by any particular theory, it s
belicved that NASH is associated with reduced expression and function of orpithine
transcarbamoylase (OTC, also called ornithine carbamoyliransferase) in humans and
rodends. For cxample, in cxpevimental NASH, geoe and protein expression of the
mitochondrial urea cycle enzyme ornithine transcarbamviase (OTC) is reduced
significantly, resulting o functional reduction in the in vivo capacity for urcagenesis,
which results in bhyperammonemia. {n patients with biopsy-proven NASH, plasma
antmonia levels are increased significantly moore than in patiends with simaple steatosis. In
mammals, the OTC enzyme 1s part of the urea cycle. In a mammal deficient in OTC,
antmonda fevel will build up, which can cause byperamooncmia and subsequently
neurological problems.

[6644] it is disclosed for the first time in the present disclosure that ammonia
produces marked morphological and functional changes in human HSCs and i vive in
bile duct ligated rats (for example, oxidative stress, increased evtokines, expression of
activation markers, alterations in the sccrction of malrix proteins, and scvere
morphological disruption). Without being bound by any particular theory, it is believed
that hyperammonia can activate HSCs in vive and in vifro, which may favor the
progression of NAFLD (e.g., NASH) and fibrosis. As described herein, 2 reduction in
ammonia level in a subject can prevent the activation of HSCs in the subject and reduces,
for example, discases associated with HSC activation.

[6845] Some embodiments described herein provide methods of treating a
disease associated with HSC activation n a subject in need by performing on the subject
an ammoma-lowering therapy. Some embodiments described herein provide methods of
delaying the onset or progression of a disease associated with HSC activation in a subject
in need by performing on the subject an ammonia-lowering therapy. In some
embodiments, performing the ammonia-lowering therapy comprises administering an
ammonia-lowering agent to the subject. In some embodiments, the ammonia-lowering

agent 18, or comprises, magnesium phosphate product {(MGP), glveerol phenylbutyrate

-10-
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(GPB), sodium phenylacetate, sodium phenylbutyrate (NaPBA), glutamine, sodium
benzoate, L-arabinose, a laxative, an antibiotic, ornithine in combination with at least one
of phenylacetate and phenylbutyrate, or any combination thereof. In some embodiments,
the methods comprise co-administering to the subject ornithine in combination with
phenylacetate and/or phenylbutyrate. In some embodiments, the disease associated with
HARC activation is NAFLD, for example NASH or steatosis. In some embodiments, the
disease associated with HSC activation 18 lHver cancer, for example HCC or
hepatoblastoma. In some embodiments, the disease associated with HSC activation is a
fibrotic condition, for example biver fibrosis. In some embodiments, the subject suffering
from lver cancer and/or the fibrotic condition can suffer from NAFLD as well. In some
embodiments, two or more ammonia-lowering agents are co-administered to the subject.
Tn some embodiments, one or more ammonia-lowering agents are co-administered with
another pharmaceutically active ingredient to the subject. In some embodiments, the
composition of gut microbiota in the subject is adjusted to treat a disease associated with
HARC activation. In some embodiments, gene threapy 1s used as the ammonia-lowering
therapy to treat a disease associated with HSC activation.

10846] Also disclosed herein are wmethods of preventing NAFLD by
performing an ammonia-lowering therapy on a subject in need thereof. In some
cmbodiments, porforming the smmonia-lowering therapy comprise admiuistoring an
antmonia-lowering agent to the subject. Any of the ammonia-lowering agents disclosed
herein can be used in the methods, including but not imited to, magnesium phosphate
product (MGP), glycerol phenylbutyrate (GPB), sodiom  phenylacetate, sodium
phenyibutyrate (NaPBA)Y, glutamine, sodium benzoate, L-arabinose, laxatives, antibiotics,
orutthine in combination with at least one of phenylacetate and phenylbutyrate, and any
combination thercof. Tn some embodiments, the methods comprise co-administering to
the subject ornithine io combination with phenylacetate and/or phenylbutyrate. In some
cmbodiments, the composition of gut microbiota in the subject is adjusted to prevent
NAFLD. In some cmbodiments, gene threapy is used as the ammonia-lowering therapy to
prevent NAFLD.

{6847} Some embodiments described herein provide methods of treating a
fibrotic condition by performing an ammonia-lowering therapy on a subject in need
thercof. The ammonia-lowering therapy can comprise, in some embodiments, co-

administering to a subject in need thercof an ammonia-lowering agent, such as ornithine

-1i-
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m combination with phenviacetate and/or phenylbutyrate.  Some such embodiments
mclude therapeutic treatment.  Other embodiments include prophylactic treatment.  As
used herein, a “fibrotic condition” refers 1o a condition, disease or disorder that is
characterized by dysregulated proliferation or activity of fibroblasts and/or abnormal
accomulation of fibronectin and/or pathologic or excessive accumulation of collagenous
tissue. Typically, any such discase, disorder ov condition is amenable to treatment by
administration of a compound having anti-fibrotic activity. Fibrotic disorders include, but
are not limited to, hiver fibrosis {c.g., hepatic fibrosis associated with chromic active
hepatitis).  Thus, some embodiments inchide methods of treating Hver fibrosis by co-
administering to a subject in nced thereof omithine in combination with phenylacetate
and/or phenvibutyrate,  Some embodiments include identifying a subject as having or at
risk for developing a fibrotic condition (e.g., Hver fibrosis) prior to administering the
oronithine in combination with phenylacetate and/or phenylbutyrate.

160481 By “co-administration,” ¥ is meant that the two or more agents may be
found in the paticnt’s bloodstream at the same time, regardless of when or how they are
actually  administered. In some cmbodiments, the agemis arc administered
sinultancously. In one such embodiment, administration in combination is accomplished
by combining the agents in a stngle desage form. In some embodiments, the agents are
administered sequentially. 1n some emboediments, the ageuts are administered through the
same route, such as crally, In some embodiments, the agenis are administered through
ditferent routes, such as onc being adoinistered orally and another being administered
iV,

{0049] As described herein, NASH is associated with reduced expression and
fonction of the vrea cycle enzyme, ornithine transcarbamoylase (OTC) level in humans
and rodents, which results in hyperamunonemia. Without being bound by any particular
theory, it is believed that ammonia is clevated in NAFLD and is invelved in the
progression of NAFLD and liver cancer. In addition, ammonia-lowering agents {(e.g., OP)
are uscful o reduce blood ammonia level in the subject having hyperammoncmia, such as
the byperammoncmis associated with NASH, and thus prevent, Bmit, or slow down
progression of NAFLD, fibrosis progression in NASH, and the development of liver
cancer {¢.g., HCO), In some embodiments, the ammonia-fowering agent is useful to

reduce blood ammonia level, which treats and delays the onset or progression of NASH,
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160501 Some embodiments foclude treating a fibrotic condition (e.g., Hver
fibrosis) by performing an aromonia-lowering therapy on a subject n need. For example,
the ammonia-lowering therapy can comprise administering to a subject in need am
antmonia-lowering agent, for exanple ornithing in conmbination with phenylacetate and/or
phenyibutyrate. Some such embodiments include therapeutic treatment.  Some
embodiments inchude prophylactic treatment. Some cmbodiments mnclude identifying a
subject as having or at risk for developing the fibrotic condition {e.g., Hver fibrosis) prior
to administering the ammonia-lowering agent.

160511 Some cmbodiments include methods of treating a hiver cancer by
performing an anuwmonia-lowering therapy on a subject i need. For example, the
antmonia-lowering therapy can comprise co-administering to a subject in need thercof an
ammonia-lowering agent, for example ornithine in combination with phenylacetate and/or
phenyibutyrate.  Some such embodiments inclode therapeutic ireatment.  Some
cmbodimenis mchide prophylactic treatment. Some embodiments include identifying a
subject as having or at risk for developing liver cancer prior to administering the
ammonia-lowering agent.  Some cmbodimenis include treating liver cancer by
administering ornithing in combination with phenylacetate and/or phenylbutyrate, for
cxample omithine phenylacetaie, to the subject. The Hver cancer can be, for example,
HCC or hepatoblastoma.

10852] Ammonia level in a subject can be determined by varicus conventional
methods. For example, ammonia is routinely measored i plasma from a venous {or
arterial) blood sample. It can also be measured in whole blood, erythrocytes, saliva,
sweat, and wrine. Ammonia measurements can be used to diagnose hyperammonemia.
Ammonia can be measored by indirect or direct methods. For example, the ammonia can
be measored by the change of color of an ammonium indicator, for example the Vitros”
{Ortho Diagnostic Lid) ammonia measurement which utilizes bromophenol bhie. As
another example, an NH4 -selective membrane which is typically based on a mixture of
antibiotics nonatin and mongactin can also be used to measure ammonia level. In some
embodiments, the methods disclosed bherein comprise determining the ammonia level in
the subject prior to and/or after administration of the ammonia-lowering agent. In some
embodiments, the ammonia level in the subject is monitored throughout the period in

which the subject is receiving the treatment by ammonia-lowering agent. Reduction in
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ammonia levels in vivo can redoce inflammation (NFxB), oxidative stress and oSMA

expression, and increase in nitric oxide synthase (eNOS) activity and function.

{83531 In some embodiments, the amyoonia-lowering agends (such as ornithine
i combination with phenylacetate and/or pheoylbutyrate) are  administered  as
pharmaceutically acceptable salts. The term “pharmaceutically acceptable salt” refers to
salts that retain the biological effectivencss and propertics of a compound and, which are
not biologically or otherwise undesirable for use 1 a pharmaceutical. In many cases, the
ammonia-lowering agents disclosed hercin are capable of forming acid and/or basc salis
by virtue of the presence of amino and/or carboxyl groups or groups similar thereto.
Pharmaceutically acceptable acid addition salts can be formed with inorganic acids and
organic acids. Inorgamic acids from which salts can be derived inchade, for example,
hydrochlotic acid, hydrobronic acid, sulfuric acid, nitric acid, phosphoric acid, and the
like. Organic acids from which salis can be derived include, for example, acetic acid,
propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid, malovic acid,
succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid,
mandelic acid, methanesulfonic acid, cthanesulfonic acid, p-tolucnesulfonic acid,
salicylic acid, and the hke. Pharmaceutically acceptable salts can also be formed using
norganic and organic bases. [norganic bases from which salts can be derived include, for
example, bases that contain sodium, potassium, lithium, ammonium, calcium,
magnesivam, iron, zinc, copper, manganese, aluminum, and the like; particularly preferced
arc the ammonium, potassium, sodium, calcium and magnesium salts.  In some
embodiments, treatment of the compounds disclosed herein with an inorgaunic base resulis
in loss of a labile hydrogen from the compound to afford the salt form including an
inorganic cation such as Li7, Na', K7, Mg®" and Ca®" and the like. Organic bases from
which salts can be derived inchude, for example, primary, secondary, and tertiary amings,
substituted amines including naturally occurring substituted amines, cyclic amines, basic
ion exchange resins, and the like, specifically such as isopropylamine, trimethylamine,
dicthylamine, triethylamine, tripropylamine, and ethanolamine. Many sech salts are
known in the art, as described in WO 87/05297, Johuston et al., published September 11,

1987 (incorporated by reference hercin in its entirety).
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{0654] In some embodiments, orntthine s administered as the omithine HCI
salt. In some embodiments, phenylacetate or phenylbutyrate is administered as their
sodium salts. In some embodiments, omnithine and phenylacetate or phenylbutyrate are

administered as salts of cach other {¢.g., ornithine phenviacetate).

Phamaceutical Compostiions and Routes of Administration

1B055] The ammmonia-lowering agent (such as ornithine in combination with
phenyiacetate and/or pheuylbutyrate) can be formulated for administration with a
pharmaceutically acceptable carrier or diluent. The ammouvia-lowering agent can, in
some embodiments, be fornwlated as a medicament with a standard pharmaceutically
acceptable carvier(s) and/or excipient(s) as is routine in the pharmaceutical art. The exact
natore of the formmulation will depend upon several factors including the desired route of
administration. For cxample, the ammonia-lowering agent (for example, ornithine and
the phenyiacetate and/or phenybutyrate) can be formulated for oral, intravenous,
intragasiric, intravascular or traperitoncal administration. Standard pharmaceutical
formulation technigues may be used, such as those disclosed in Remingilon's The Science
and Practice of Pharmacy, 21st Ed., Lippincott Williams & Wilkins {2005}, incorporated
herein by reference in ifs entircty.

{B056] The ornithine {c.g., L-ornithine} and phenylacetate or phenylbutyrate
may be administered separately or in 2 single dosage form. In some embodiments, the
combination is administered as the ornithine phenylacetate salt or as a solution of the
ornithine phenylacetate salt.

10857] Different forms of composition of orpithine n combination with at
least one of phenylacetate (or phenyl acctate salis) and phenylbutyrate have been
described in ULS, Patent Publication Nos, USZ(08/0119554 and UUS2010/0280119, which
are hereby incorporated by reference in their entiveties. In some embodiments, ormithine
and phenylacetate is present and/or administered as oronithine phenyl acetate or
physiclogically acceptable salt thereof. In some embodiments, omithine is present and/or
administered as a free monomeric amino acid or physiologically acceptable salt thercof.
In some embodiments, at least one of phenviacetate and phenyibutyrate is present and/or
administered as a sodium phenylacetate or sodivm phenyvibutyrate. Tn some embodiments,
a physiclogically acceptable salt of ormithine and a physiclogically acceptable salt of at

least one of phenyviacetate and phenylbutyrate are administered to the subject.
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166S8] As disclosed herein, the omntthine snd the pheuviacetate and/or
phenylbutyrate can be formulated for administration in a pharmaceutical composition
comprising a physiologically acceptable surface active agents, carriers, diluents,
cxcipionts, smoothing agents, suspension ageots, fum forming substances, coating
assistants, or a combination thereof. In some cmbodiments, the omithine and the
phenyiacetate and/or phenylbutyrate are formulated for administration with a
pharmaceutically acceptable carrier or diluent. The ornithine and the phenylacetate and/or
phenyibutyrate can be formwlated as a medicament with a standard pharmaceutically
acceptable carrier(s) and/or excipient(s) as is routine in the pharmaceutical art. The exact
nature of the formulation will depend upou several factors inclading the desired route of
administration. Typically, ornithine and the pheonylacetate and/or phenylbutyrate are
foroulated for oral, intravenous, intragastric, intravascular or intraperitoneal
administration.  Standard pharmaceutical formulation technigues may be used, such as
those disclesed in Remington's The Science and Practice of Pharmacy, 21st Ed,
Lippincott Williams & Wilkins (2005), incorporated hercin by reference in its ontirety.

{6059] The term “pharmacecutically acceptable carrier” or “pharmaceutically
accepiable excipient” includes any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents and the like.
The vse of such media and agenis for pharmaccutically active substances is well known
in the art. Except insofar as any conventional media or agent is incompatible with the
active imgredient, its usc in the therapeutic compositions is contemplated.  In addition,
vartous adjuvants such as are commonly used in the art may be inchuded. Considerations
for the inclusion of varicus componenis in pharmaceutical compositions are described,
¢.g., in Gilman et al. (Eds.) (1990); Goodman and Gilman’s: The Pharmacological Basis
of Therapeutics, 8th Ed., Pergamon Press, which is incorporated herein by reference in its
entirety,

{B060] Some examples of substances, which can serve as pharmaceutically-
acceptable carriers or components thereof, are sugars, such as lactose, glucose and
sucrose; starches, such as corn starch and potato starch; celhulose and its derivatives, such
as sodium carboxymethyl celludose; powdered tragacanth; malt; gelating tale; solid
hubricants, such as stearic acid and magnesium stearate; calcium sulfate; vegetable oils,
such as peamyt oil, cottonseed oil, sesame oil, olive oil, corn oil and oil of thecbroma;

polyols such as propylene glycol, glycerine, sorbitol, mannitol, and polyethylene giyeol;
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algmic acid; emulsifiers, such as the TWEENS; wetting agents, such sodivm lauryl
sulfate; coloring agents; flavoring agents; tableting agents, stabilizers; antioxidants;
preservatives; pyrogen-free water; 1sotonic saline; and phosphate buffer solutions.

10861] The choice of a pharmaceutically-acceptable carvier to be used n
corjunction with the subject comapound is basically determined by the way the compound
is to be administered.

10862] The cormpositions described herein are preferably provided jn unit
dosage form. As used herein, a "ontt dosage form” is a composition containing an amount
of a compound that is suitable for administration to an animal, preferably mammal
subject, 1o a single dose, according to good medical practice. The preparation of a single
or unit dosage form however, doecs not imply that the dosage form is admivistered once
per day or once per course of therapy. Soch dosage forms are contemplated to be
administered once, twice, thrice or more per day and may be administered as infusion
over a period of time {e.g., from about 30 minutes o about 2-6 hours), or administered as
a continuowns infusion, and may be given more than once during a course of therapy,
though a single administration is not specifically excluded. The skilled artisan will
recognize that the formulation does not specifically contemplate the eotire course of
therapy and such decisions are icft for those skilled in the art of treatment rather than
formulation.

[8863] The compositions usefol as described above may be in any of a variety
of suitable forms for a variety of routes for administration, for example, for oral, nasal,
rectal, topical (including transdermal), ocular, intracerchral, intracramial, itrathecal,
intra-arterial, intraveoous, intramuscular, or other parental routes of administration. The
skilled artisan will appreciate that oral and nasal compositions inchide compositions that
arg administered by inhalation, and made using available methodologies. Depending
apon the particular route of adminisiration desired, a variety of pharmaceutically-
acceptable carriers well-known in the art may be used. Pharmaceutically-acceptable
carrigrs include, for example, solid or Hiquid fillers, diloents, hydrotropies, surface-active
agents, and encapsulating substances. Optional pharmaceuatically-active materials may be
inchuded, which do not substantially interfere with the inhibitory activity of the
compound.  The amount of carrier employed m conjunction with the compound is
sufficient to provide a practical quantity of material for administration per unit dose of the

compound. Techniques and compositions for making dosage forms useful in the methods

17-



WO 2016/085887 PCT/US2015/062223

described herein are deseribed in the following references, all incorporated by reference
herein: Modern Pharmaceutics, 4th Ed., Chapters 9 and {0 (Banker & Rhodes, editors,
2002); Licberman ef af., Pharmaceutical Dosage Forms: Tablets (1989); and Ansel,
Introchiction to Pharmaceutical Dosage Forms 8th Edition (2004).

{8864] Various oral dosage forms can be used, including such solid forms as
tablets, capsules, and granules. Tablets can be compressed, iablet triturates, onteric-
coated, sugar-coated, film-coated, or multiple-compressed, containing suitable binders,
labricants, diluents, disintegrating agonts, coloring agents, flavoring agents, flow-
mducing agents, and melting agents. Liquid oral dosage forms include aqueous solutions,
enulsions, suspensions, solutions and/or suspensions reconstituted from non-effervescent
granules, and cffervescent proparations reconstituted from  effervescent  granules,
confaining suitable solvents, preservatives, emulsifying agents, suspending agents,
diluents, sweeteners, melting agents, coloring ageunts and flavoring agents.

{B065] The pharmaceutically-acceptable carriers suitable for the preparation
of unit dosage forms for peroral administration is well-known in the art. Tablets typically
comprise conventional pharmacentically-compatible adjuvants as inert diluents, such as
calcium carbonate, sodium carbonate, mannitol, lactose and cellhulose; binders such as
starch, gelatin and sucrose; disintegranis such as starch, alginic acid and croscarmelose;
lubricants such as magoesium stearate, stearic acid and talc. Glidanis such as silicon
dioxide can be used to improve flow characteristics of the powder mixture. Coloring
agents, such as the FD&C dyes, can be added for appearance. Sweeteners and flavoring
agents, such as aspartame, saccharin, menthol, peppermint, and froit flavors, are useful
adjuvanis for chewable tablets, Capsules typically comprise one or more solid diluents
disclosed above.  The selection of carrigr components depends on  secondary
considerations hike taste, cost, and shelf stability, which are not critical, and can be
readily made by a person skilled in the art.

[0866] Peroral compositions also inclode hguid solutions, emulsions,
suspensions, and the like. The pharmacoutically-acceptable carriers suitable for
preparation of such compositions are well known in the art. Typical components of
carriers for syrops, elixirs, emulsions and suspensions include cthanol, glycerol,
propylene giveol, polvethylene glycol, Biquid sucrose, sorbitol and water. For a
suspension, typical suspending agents include sodium carboxymethyl cellulose, AVICEL

RC-S91, tragacanth and sodiom alginate; typical wetting agents include lecithin and
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polysorbate 80; and typical preservatives mchide methyl paraben and sodium benzoate.
Peroral Hquid compositions may also contain one or more components such as
sweeteners, flavoring agents and colorants disclosed above.

10867] Other compositions useful for aftaining systemic delivery of the
subject compounds include sublingual, buccal and wnasal dosage forms.  Such
compositions typically comaprise one or more of soluble filler substances such as sucrose,
sorbitol and wmannitol; and binders such as acacia, microcrystalline cellulose,
carboxymethyl ccliulese and hydroxypropyl methyl celivlose.  Glidants, lubricants,
sweeteners, colorants, antioxidants and flavoring agents disclosed above may also be
inchaded.

{0668] For topical use, croams, ointments, gels, solutions or suspensious, cic.,
containing the compound disclosed herein arc employed. Topical formulations may
generally be comprised of a pharmaceutical carrier, co-solvent, emulsificr, penctration
enhancer, preservative system, and emollent,

[0869] For inlravenous administration, the compounds and compositions
described hercin may be dissolved or dispersed in a pharmaceutically acceptable diluent,
such as a saline or dextrose solution. Suitable excipients may be included to achieve the
desired pH, including but not limited to NaOH, sodiom carbonate, sodium acetate, HCY
and citric acid. In various embodiments, the pH of the final composition ranges from 2 to
8, or preferably from 4 to 7. Antioxidant excipients may include sodimm bisulfite, acetone
sodivim bisulfite, sodium formaldehyde, sulfoxylate, thioursa, and EDTA.  Other non-
Hmiting examples of suitable excipients found tn the final intravenous composition may
mchide sodium or potassium phosphates, citric acid, tartaric acid, gelatin, and
carbohydrates such as dextrose, mannitol, and dextran. Further acceptable excipients are
described in Powell, et al., Compendium of Excipients for Parenteral Fornmdations, 204
J Pharm Sci and Tech 1998, 52 238-311 and Nema et al., Excipients and Their Role in
Approved Injectable Products: Current Usage and Future Divections, £D4 J Pharm Sci
and Tech 2811, 65 287-332, both of which are fncorporated herein by reference in their
entirety,  Antimicrobial agents may also be included to achieve a bacteriostatic or
fungistatic solution, including but not himited to phenylmercuric mitrate, thimerosal,
benzethonium chloride, benzalkonium chloride, phenol, cresol, and chiorobutanol.

[0870] The composttions for fntravenous administration may be provided to

caregivers in the form of one or more solids that are reconstituted with a suitable dilucnt
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such as sterile water, saline or dextrose 1 water shortly prior to administration. In other
embodiments, the compositions are provided in solution ready to administer parenterally.
n still other embodiments, the compositions are provided in a solution that is further
dilited prior to administration. In embodiments that inchide administering a combination
of a compound described herein and another agent, the combination may be provided to
carcgivers as a mixture, or the caregivers may mix the two agents prior to administration,
ot the two agents may be administered separately.

10671] Io non-human animal studies, applications of potential products are
commenced at higher dosage levels, with dosage being decreased until the desired effect
is no longer achieved or adverse side offects disappear. The dosage may range broadly,
depending upon the desired effects and the therapeutic mdication. Typically, dosages may
be between about 0.1 mg/kg and 4000 mg/kg body weight, for example between about |
mg/kg and 1600 mg/kg body weight, Alternatively dosages may be based and caleulated
upon the surface area of the patient, as understood by those of skill in the art.

[0872] Depending on the severity and responsiveness of the condition to be
freated, dosing can also be a single administration of a slow release composition, with
course of {reatment fasting from several days to several weeks or until cure is effocted or
diminution of the discase state is achioved. The amount of a composition to be
administered will, of course, be dependent on many factors including the subject being
freated, the severity of the affliction, the manner of administration, the judgment of the
prescribing physician. The compound or combination of compounds disclosed herein may
be administered orally or via injection at a dose from 0.1 mg/kg to 4000 mg/kg of the
patient's body weight per day. The dose range for aduit hwmans is gencrally from 1 g to
100 g/day. Tablots or other forms of preseniation provided in discrete upits may
conveniently contain an amount of the compound or combination of compounds disclosed
herein which is effective at such dosage or as a multiple of the same, for instance, units
containing 1 g to 60 g {for cxample, from about 5 g to 20 g, from about 10 g to 50 g, from
about 20 g to 40 g, or from about 25 g to 35 g). The precise amount of compound
administered to a paticnt will be the responsibility of the atiendant physician. However,
the dose employed will depend on a mumber of factors, incloding the age and sex of the
patieni, the precise disorder being freated, and s severity. Also, the route of
administration may vary depending on the condition and its severity, A typical dose of

the ammonia-lowering agent (for cxample, of orpithine, or of phenylacetate or
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phenyibuotyrate) can be from 0.02 g to 1.25 g per kg of body weight, for example from 0.1
g to 0.5 g per kg of body weight, depending on such parameters. In some embodiments, a
dosage of the ammonia-lowering agent can be from 1 g to 100 g, for example, from 10 g
to 80 g, from 15 gto 66 g, from 20 gto 40 g, or from 25 g to 35 g. In some embodiments,
the ornithine and phenviacetate/phenylbutyrate can be administered in a weight ratio from
11 to 1110, for example, from 5:1 10 1.5, from 4:1 to 1:4, from 3:1 1o 1.3, from 2:1 to
1:2, or about 1:1. A physician will be able to determine the required dosage of the
anmmonia-lowering agent (for example, omnithine and of phenylacetate or phenylbutyrate)
for any particular subject.

{0673] The exact formulation, route of administration and dosage for the
pharmaceutical compositions of the compound or combination of compounds disclosed
herein can be chosen by the individual physician in view of the paticot's condition. (See,
c.g., Fingl et al. 1975, in "The Pharmacological Basis of Therapeutics,” which is hereby
incorporated berein by reference, with particular reference to Ch. 1), Typically, the dose
range of the composition adudnistered to the patient can be from about 0.1 to about 4000
mg/kg of the patient's body weight. The dosage may be a single one or a series of two or
more given in the course of one or more days, as is needed by the patient. In instances
where buman dosages for compounds have been established for at least some condition,
the present disclosure will use those same dosages, or dosages that are between about
(.1% and about 5000%, more preferably between about 25% and about 1000% of the
established human dosage. Where no human dosage is established, as will be the case for
newly-discovered pharmaceutical compounds, a suitable buman dosage can be inferred
from EDsq or 1Ds values, or other appropriate values derived from in vitro or in vivo
studics, as qualiticd by toxicity studics and cfficacy studies in animals,

[0874] It should be noted that the aitending physician would know how to and
when to toerminate, interrupt, or adjust administration duc to toxicity or organ
dysfunctions. Conversely, the atiending physician would also know to adjust treatment to
higher levels if the clinical response were not adequate {precluding toxicity). The
magnitude of an administrated dose in the mapagement of the disorder of interest will
vary with the severity of the condition to be treated and to the route of administration.
The scverity of the condition may, for cxample, be evaluated, in part, by standard

prognostic evaluation methods. Further, the dose and perbaps dose frequency, will also
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vary according to the age, body weight, and response of the individual patient. A program
comparable to that discussed sbove may be used in veterinary medicine.

[Ba75] Although the exact dosage will be determined on a drug-by-drug basis,
in most cases, some generalizations regarding the dosage can be made. In cases of
administration of a pharmaceutically acceptable salt, dosages may be calculated as the
free base. In some embodiments, the composition is administered 1 to 4 times per day.
Alternatively the compositions of the compound or combination of compounds disclosed
herein moay be administered by continuous jntravenous infusion, preferably at a dose of
cach active ingredient up to 100 g per day. As will be understood by those of skill in the
art, in certain sifuations it may be necessary o administer the compound disclosed herein
in amounts that exceed, or even far exceed, the above-stated, preferred dosage range in
order to effectively and aggressively treat particularly aggressive diseases or mfections.
In some embodiments, the compound or combination of corapounds disclosed herein will
be administered for a period of contivnous therapy, for example for & week or more, or
for months or years.

18376} In some embodiments, the dosing regimen of the compound(s) or
combination of compounds disclosed herein is administered for a period of time, which
time period can be, for example, from at least about 1 week to at least about 4 weeks,
from at least about 4 wecks to ai least about 8 weeks, from at least about 4 weeks o at
lcast about 12 weeks, from at least about 4 wecks to at lcast about 16 wecks, or ionger.
The dosing regimen of the compound(s} or combination of compounds disclosed herein
can be adminisiered three times a day, twice a day, daily, every other day, three times a
week, every other week, three times per month, once monthly, substantially continuously

or continuoushy,

EXAMPLES
{88771 Some aspects of the embodiments of the present application are
disclosed in further detail in the following examples, which are not in any way intended
to Hmit the scope of the present disclosure.
Example |

In vitre stfect on primary human HSCs

[0878] Primary human hepatic stellate cells (hHSCs) were cultured. Effects of

an NHsCl challenge (0.1-10 mM over 24-72hvs) on hHSC proliferation (Brdll), metabolic
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activity (MTS assay), viability (Neutral-Red), ultrastructural changes (TE-M) and
gene/protein expression {g-PCR/ Western blot) were studied. To test recovery, ammonia
treated cells were replemished with glutamine and in separate experiments, pre-treated
with L-methionine-sulfoximine (M30-GS mhibitor) to determine the importance of
glutamine synthetase (GS).

106679] Hyperanunonenda in priwary hHSCs induced time  dependent
decreases 1 proliferation and metabolic activity, whilst inducing celi swelling and a myo-
fibroblast-like phenotype even at 50-100umolVl. Ultrastructurally, ammonia-troated
hHSC had dose-dependent indracellular ER enlargement and this was reversibie by
replenishing the culture with L-glutamine. NHy inhibition of hHSC proliferation was
dependent on S activity as MSO and hyperasuvnonemia induced cell detachment and
prevention of recovery suggesting that glutamine s foportant for bBHSC survival,

{BORG] These results soggest that hyperammonemia modifies hHSC's and
imparts a swollen myofibroblast phenotype, which is reversible upon ammonia reduction.
Accordingly, it is anticipated that therapy that reduces ammonia can surprisingly prevent

and reverse liver fibrosis.

Example 2
In vivo effect in BDL rats

B8] 28-day bile duct hgated (BDL) rats were treated with saline or
ornithine phenylacetate for § days. Portal pressure was measored at termination and
tissues were harvested for stodies. BDL rats with hyperammonemia had imcreased
hepatic expression of pro-fibrogenic hHSC-related genes (0-SMA, PDGFb-R, Myosin
AR and Colll}), low eNOS activity and DDAH-1, and high portal pressure, all of
which were corrected by treatment with ornithine phenylacetate.

16682} These results demonstrate that i vive ammonia lowering with
ornithine phenylacetate decreases pro-fibrogenic and activated HSC gene and protein
expression.  This data supports the use of omithine phenvlacetate m the treatment
{inchuding prevention) of Hver fibrosis and hver cancer (stellate cell activation can resuht

i hiver cancer).
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Example 3

Anunonia modulates human HSC setivation

{B083] This example shows that ammonia produces deleterions morphological
and functional effects on H8Cs, and smmonia-induced dysfunction of HSCs is reversible
using an ammonia-lowering agent OP,

Methods

1ha84] Io this cxample, primary human HSCs (hHSCs) were isolated and
cultured. Proliferation {(BrdU), metabolic activity (MTS), morphology (TEM, light-and
immmmofluorescence microscopy), HSC activation markers, ability to coniract, and
changes in oxidative status {ROS) were cvaluated to identify effects of amumonia
chalienge (50 uM, 100 uM, 300 uM) over 24-72 hours. Changes in plasma avunonia
levels, markers of HSC activation, portal pressure and hepatic eNOS activity were
guandtfied in hyperammonemic BDL animals, and after OP treatment.

In vitro studies in fuman HSC

1BOKS] Primary hHSCs weore isolated from wedge sections of Hver tissue,
obtained from patients undergoing surgery in the Royal Free Hospital after giving
informed consent (EC01.14-RF). Cells were isolated according to Mederacke et al
{(Natare Protocols 2015, 10:305-315) with modifications for buman liver as described in
Rombouts K, Carlond V. Determination and characierization of tetraspanin-associated
phosphoinositide-4 kinases in primary and neoplastic liver cells. It Waugh MG, editor.
Lipid Signaling Protocols, 2 od. New York: Springer Science+Business Media; 2015, p.
203-212). Briefly, 10 g of total buroan liver tissue was digested with 0.01% Collagenase,
(.05% Pronase and 0.001% DNase 1 without performing perfusion. The homogenate was
filtered through a 100um cell strainer and the flow-through was cendrifuged at 50xg for 2
minutes at 4°C. Afier washing the supernatant, gradient centrifugation was performed at
1400xg for 17 minutes at 4°C using an 11.5% Optiprep gradient. Finally, the interface
was collected and washed. Purity of hHSCS was cstablished by detection of CDD140b
{PDGFRbeta), CD2Z9 (Integrin beta 1) and Cytoglobin (CY3EB).

0886] The obtained HSCs were cultured in RPMI supplemented with 20%
fetal bovine serum (FBS), GLUTAMAX, nonessential aming acids 1%, 1.0 mM sodium
pyruvate, 1X antibiotic-antimycotic {all Life Technologies), referred to as complete HSC
medim hereinafter. Experiments described in this stady were performed on hHSCs of at

least three independent cell preparations between passage 3 and 8.
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18871 Cells were sceded (density 26x10°/cm’) under basic serum-rich
conditions {CM complete medium) for 24 hours, followed by serum deprivation for
another 24 hours (SFM). Exogenous glutamine was removed from the culture medium to
avoid uncontrolied generation of ammmonia. Specific treatment with NHyCl treatments
were replaced daily for the duration of the experiment.
dnimal models

HH888] All animal experiments were conducted according to the Home Office
guidelines under the UK. Avntroals in Scientific Procedures Act 1986 with approval of the
cthical commitice for animal carc of University College Loundon. This study was
performed in male Sprague-Dawley rats {Charles River UK, Margate, UK}, weighing
220-250 g,

{6689] in one eoxperimental model, rats were administered a  high
protein/amymoniagenic diet {AAs) for § days. Furthermore, all rats underwent BDL to
induce cirrhosis or a sham operation as described previously.

[0894] Study design. (i} In the first protocol, the prior in viiro observations of
ammonia-induced cffects on HSC cell biclogy were further explored in vive. In this
cxperimental protocol, animals underwent BDL surgery and were given 4 weeks (o
develop liver injury. During the 4th week, BDL animals were randomized into 3 groups:
one group contained BDL rats receiving an aming acid-rich {AAs) dict in addition to
imjection of intraperitoneal (i.p.) saline solution {n=4); a second group received the AAs
digt and was treated with an Lp. injection of the ammonia-lowering agent ormithine
phenyiacetate (OF) 0.3 g/kg twvice a day for § days {n=4); the third group consisted of
BDL rats recetving saline solution ip. (n=4). In addition {o the BDL animals, a further
group of sham-operated rvats received saline solotion (Lp.) (n=4). Animals were sacrificed
on the Sth day of treatment.

10091 (it} In a second protocoel, the effect of the ammonia-lowering agent OP
on ammonia-induced portal hypertension was investigated. Four weeks after BDL or
sham operation, rats were randomized into three groups: sham-operated rats receiving
saline (1.p.) (n=18) twice a day for the experimental period of 5 days; BDL rats {(n=20)
were administered 1.p. saline twice a day for S days; a further group of BDL rats (n=11)
received 1.p. igection of OP 0.3 gikg twice a day for 5 days. Between weeks 4 and 5,
following anesthesia (2% isofluorane), rats from cach group underwent assessment of

mean arterial pressure via isolation and cannulation of the right carotid artery. In addition,
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portal pressure was measured by direct canmudation of the main portal vein. All
measurements were transduced to a Powerlab (4SP) hinked to Chart v5.0.1 software. The
mean of three readings taken one minute apart was recorded. Liver tissue was harvested
and snap-frozen for storage at -80°C umtil analyzed.

Statistical analysis

{B0952] Results were expressed as mean values + SEM and compared using
one-way analysis of variance followed by Dunnet's or Tukey's nusltiple comparison post
hoc tests, where appropriate. P values <0.08 were considered significant.

16093] in vive experimental data were analyzed by 1 tests and Mann-Whitney
1 tost as appropriate; £ <0.05 was considered statistically significant. Results are
presented as mean values = SEM using GraphPad Prsm software {GraphPad, La Jola,
CAa)

Resulis

10894] Ammonia reduces cell profiferation and metabolism in human Hepatic
Steliate Celis (WHSCs) in vitro in a dose dependent manner. ®’HSCs treated with different
concendrations of ammonda for 72 hours showed a significant inhibition in cell
proliferation {(BrdU assay) and motabolic activity (MTS assay) (Fig. 14). Furthermore,
long term treatment of cells with ammonia did not cause cell death in BHSCs as assessed
by deploying the Cell Death Detection ELISA (Fig. 1B). Also, these anmmonia-induced
cftects coincided with strong alterations in cellular morphology in a dose-dependent
manner as ohserved by light microscopy (Fig. 1C). hHSCs, known as myofibroblast-like
cells, as shown in complete mediom and under serum starvation chaoged their
morphology  drastically into 2 spindle-like fibroblast phevotype, with signs of
deregulation of the endo-lysosomal compartment when treated with ammonia as assessed
by Neutral Red, a dye retained by the lysosomes (Fig. 1C) It was found that hHSCs
express glutamine synthetase (GS) at the mRNA and protein level, Pretreatment of cells
with L-Methionine sulfoximine (MSO, a biochemical inhibitor of G5), followed by
exposure to anvuonia did not further inhibit proliferation and metabolic activity in
comparison to MSO treatment only.

iH095] Ammonia induces alierations in cytopiasmic stress, which coincides
with changes in cellular metabolism/function and aciin cytoskeleton architecture. The
morphological changes observed by light microscopy were further characterized by

performing ultrasiructural studies. Ammonia caused a dramatic dose-dependent change in
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the cviosol and marked presence of translucent vacuoles. Neither mitochondrial
alterations nor presence of autophagic structures {characterized by double membranes)
were observed (Fig. 2A). It was noted that when ammonia-rich mediom was removed and
cells were replenished with complete medium both cell proliferation and metabolic
activity were restored (Fig. 2B}, thus supporting that the observed effect of ammonia is
transient, Moreover, ammonia-treated BHSCs cultured on collagen gels showed a
significant ability to contract (Fig. 2C, 2D) when compared to control, and this oceurred
atter 3 hours and was sustained after 24 hours of ammonia treatment which coincided
with the previously observed morphological changes (Fig. 2E). Furthermore, long-term
treatmoent with ammonia (72 hours) fnduced a dose-dependent disruption of filamentous
actin in the cytoskeleton when TRICT-Phalloidin staining was employed. Re-
organization of the F-actin network coincided with the presence of translucent vacuoles in
a dose dependent manner (Fig. 2F).

10896] Hyperammonemia induces ROS production in #HSC. Prolonged
treatmaent of cclls with ammonia for up to 72 hours showed a gradual development of
ROS as detected by the presence of cytosolic carboxy-DCF {Fig. 3A). The development
of ammonia-induced ROS production was further quantitatively measured as described in
Mogckerjee ot al., (Gastroenterology, 2007, 132:2533-2541) and confitmed that primary
hHSC s treated with ammonia produced significant reactive oxygen species (ROS) (Fig.
3B). Next, cells treated with amomonia for different time poiots showed 2 strong increase
in mENA cxpression of Superoxide dismutase 2 (SOD2) after 3 hours, which was
sustained at 24 hours of anuyoonia treatment (Fig. 3C). Moreover, pro-troatment with N-
acetyl cystemne (NAC), a known ROS scavenger, showed no impact on the previously
observed increase in SODZ mRNA cxpression afier 3 bours of ammmonia treatment. Io
conirast, pre-treatment with NAC followed by ammonia treatment for 24 hours, almost
completely abolished amumonia-induced SOD2 mRNA expression.

160971 Ammonia alters the pro-fibrogenic/pro-inflammatory profile in hHSCs.
As shown in Fig. 4A, ammonia was shown to significanily increase a-SMA protein
cxpression. At 300uM ammonia, vimentin {an important intermediate filament) synthesis
was increased. Both Myosin [z (plays an important role in HSC contraction) and Myosin
Iib (mplicated in HSC activation) were significantly modulated by increasing
concentrations of amunonia. A dosc-dependent response (o ammonia was also obscrved in

P-38 MAPK expression. Furthermore, PRGFR-B, important in HSC celi proliferation,
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showed a significant up-regulation under influence of ammonia, whereas Collagen type 1
showed a tendency to increase by ammonia, albeit these offects were not statistically
significant (Fig. 4A). PFurthermore, ammonia induced a strong and significant up-
regulation of MMP2 mRNMA expression, whereas mRNA expression of TIMPI was
down-regulated (Fig. 483). Moreover, pro-inflammatory Interleokin- 1 mRNA expression
was significantly induced when hHSCs were treated with ayomonia 300 pM for 72 hours
(Fig. 4C), whereas ammoniza at 50 uM and 100 uM doses significantly up-regulated
Interlevkin 6 mRMNA expression level By contrast, ammonia did not modify nterleukin 8
mRNA expression in HSC (Fig. 4C). These data show that anmnonia-induced ROS
formation causes alterations in H3C-related activation markers and pro-inflammatory
genes.

{B098] Bile duct figation and ammonia treatment modifies H5C cell biology in
viva, The effect of hyperaromonemia on HSC-related sigonaling pathways in whole fiver
tissue was investigated. Ammonia concendrations are significantly elevated o BDL rat
plasma compared to sham-operated rats (149 3umol/LA51.1 vs. 107 dpmol1423.2, P <
0.05). Plasma anymonia lovels further increased when animals were fod an amino acid-
rich (AAs) diet in combination with BDL surgery (199 lpmol/l+=43.6  vs.
149 3pmol L4511, P < 0.05) (Fig. SA). More importantly, plasma ammonia levels
decreased  significantly  when BDL-AAs-fed andmals were  treated with OP
(123 9pmel/L16.1 vs. 199, Tpmol/L pM=43.6, P <0.001) (Fig. 5A).

{6699] OF weatmeni was found to result in 8 marked decrease in protein
cxpression of HSC-related activation markers (Fig. 5B). More specifically, BDL n
combination with hyperammonacmia {AAs diet) showed a significant increase in Myosin
1ib, Collagen type 1, and PDGF-RP protein expression in comparison to BDL. In contrast,
freatment with OP abrogated the strong cffect of hyperammonemia on BDL rat fivers in
relation to all HSC-related activation markers fested (Fig, 5B).

{B166] The example shows that pathophysiological anmmonia concentrations
caused significant and reversible changes n cell proliferation, metabolic activity and
activation markers of hHSCs in viro. Ammonia also induced significant alterations in
celludar morphology, characterized by cytoplasmic vacuolization, ROS production, hHSC
contraction and changes i pro-inflanmmatory gene expression together with HSC-related
activation markers such as a-SMA, myosin Ila, IIb, and PDGF-RB. Treatment with an

ammonia-reducing  agent  OP  significantly  reduced  plasma  ammonia  (BDL
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199 lpmol/L443.65 v, BDLAOP 149.27pmol/L451.1, P<05), which was associated

with increased eNOS activity and asbrogation of HSC activation markers.

Example 4

OTC sene expression and hepatic urea nitrogen handling are reduced 1n NAFLID amimals

and recovers with dietary modulation and reducing bacterial translocation

161811 This example shows that gene and protein expression of ormithine
transcarbanyylase (OTC) are altered i antoal models of NASH and the alteration s
reversible with recovery of amimals by restoring the diet and by reducing bacterial
translocation. This example alse shows that gene expression of OTC is altered in NAFLD
patients,

10162] Twe animal models of NASH were studied: a) Wistar rats were fed a
high-fat, high-cholesterol diet (HFHC) for 10 months and then recovered for 2 months on
standard diet, and b) Mice were fed a methionine-choline deficient diet (MCD) for 4
weeks and treated with Yag-001 (Yaqgrit Ltd.), a nanoporous carbon which has been
shown to reduce bacterial translocation. In addition, liver biopsies from 16 NAFLD
human patients were obtained during bariatric surgery and the OTC genc expression in
those liver biopsies was measured.

181837 In both of the NASH animal models, gene and protein expression of
OTC was reduced significantly and the redoction was restored by dietary modulation or
reduction in bacterial translation. For example, in the HFHC rats, reversal of NASH by
changing the diet to normal chow restored OTC gene expression (0,53 (CI (1.41-{(L.68) vs.
0.32 (C1 0.28-0.37), P<0.05; controls 1.00 (CI 3.85-1.17)) and OTC protein expression
{5.33+0.21 vs. 3.06:0.20, P<{(LO1; controls 7.414£0.68) (Figure 6). In the MCD mice,
reduction in bacterial translocation prevented development of NASH and restored OTC
gene expression {0.89 (C1 0.13-0.16) vs, (1.35 (CT 0.08-6.09), P<0.01; controls 1.00 (CI
(.12-0.17)) soggesting that inflamnmation in NASH contributes to OTC gene expression
{Figure 7).

16184] In the NAFLD patients, those with NASH and fibrosis had
significantly lower OTC gene expression than patients with steatosis alone (0.82+0.37 vs,
1.1540.24, P=0.05) (Figure 8},

{81851 As shown in this example, experimental and human NASH resulted in

a reduction in gene expression of the urea cycle enzyme OTC impairing nitrogen
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homeostasis. The changes were reversible in the animal models of NASH with dictary
miervention and also by reducing bacterial translocation. The results shown herein
mdicate a hink between NASH, reduction in gene expression and function of OTC and
bacterial translocation. Morcover, ammonia produoces morphological changes and
activation of HSCs, and OTC reduction can result m hyperammonemia and progression
of liver injury and fibrosis. This example supports targeting ammonia and bacterial

translocation as treatments for NASH.

Example 3

Hyperanunonenua leads to disease progression and administration of ammonia-reducing

azent reduces progression of NASH and fibrosis

10166] Two Animal Models are studics in this example: (1) Sprague Dawley
rats are subdivided and fed ecither a diet enriched m High Fat and High Cholesterol
(HFHC diet) or a standard dict without high fat and cholesterol content {Standard dict) for
up to 16 weeks; and (i) Rats are fed a High Fat dict supplemented with Fructose (HFDA+F
dicty for up 1o 16 weeks.

{6167] Ioterventions study: (4§ Prevention therapy -~ OP arc given
stmultancously with the fat sopplomented dicts {0 the rat;

161831 (it} Interventional therapy starts 8 weeks after diet-induced NASH 1o
pamic 3 therapeutic imtervention in established NASH rat meodel. Subgroups are
administered OP (0.3 g/kg twice a day, orally) or placebo. In total, 6 experimental groups
arg investigated: 1) Standard diet + sabline; 2) Standard diet + OP {week 1-16); 3}
Standard diet + OP {week 8-16); 4) HFHC digt + saline; §Y HFHC diet + QP (week 1-16)
- preventive therapy; and 6) HFHC diet + OP (week 8-16) ~ interventional therapy.

{8189] (i} Exaggerated hyperammonemia: One additional rat group that
receives an amino acid-rich (AAs) diet to induce hyperanmmonemia serves as a posttive
control.

{8114} All animals are sacrificed and tissues are collected to Investigate the
mechanisms  that link OTC  dystfunction  with NASH  development and  the
pharmacological modulation of hyperammoneria.

LR Primary end point of these experiments is 10 ascertain the severity of
NASH and fibrosis in the various groups studied. For NASH and fibrosis scoring,

histological smdy is performed and the NASH CRN scoring system 15 used by an
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experienced hepato-pathologist blinded 1o the type of treatment received by the animals
(TVL; APD). Commonly described variables in NASH are analyzed on Hematoxyhin-
gosin stained sections: 1) macro/micro vesicular steatosis, 2) Iobular mflammation, 3)
hepatocellular ballooning, and 4) apoptotic bodies. Fibrosis/eollagen accumulation is
assessed using Sirtus Red stained sections. In addition, oil red O staining is performed fo
nvestigate changes n hipid accumulation and Filipin staining to observe changes in
cholesterol.

10112] For secondary end-peiuts: 1) blood samples: analysis of plasma
biochemistry (serum ALT, AST, urca, ammonia, albumin, cholesterol-LDL, cholesterol-
HIDL cholesterol and triglycerides} are performed using Cobas Integra 400 nuulti analyzer
with appropriate kits (Roche Diagnostics, Burgess Hill, West Sussex, UK). 2)
Measurement of OTC enzyne activity and assessment of OTC (and other urea cycle
related enzymes) is performed using qPCR and Westorn blot analysis. Changes in OTC
localization/zonatton arc assessed using inwnunohistochersistry, 33 Pro-fibrogenic,
activation-related HSC markers are detected. 4) Pro-inflaromatory cytokines/chemokines
and macrophage markers are detected. And 5) Apoptosis-related markers are detected.

iB113] For power calculations and statistical analysis, experiments are
undertaken {o demonstrate a significant differcoce between the different conditions under
investigation at a p valoe of <0.05 with 80% power (using ANOVA with sclected post-
group comparisons ). Previous studies indicate p=12 animals in each group to be sufficient
io demonstrate a significant change.

{8114} It is expected that (3) animal models of NASH simulating the calorie
and fat dense Western diet have hyperammonemia and reduced OTC expression and
fonction; and (2) treatment with an ammonia-reducing agent (for example OP) reduces
bicchemical, inflammatory and histological indices of Hver injury and reverses OTC

dysfunction and hyperammonemia.
A \

Example 6

Ammonda-reducing asent treats liver cancer

{81135] In this example, a rat model of fibrosis/HCC is used to determine
whether an ammonia-reducing agent OF can reduce the risk of HCC development.
{81161 Animals are studied up to at 16 weeks and examined for the

development of HCC. Animals (6-8/group) are treated with
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dicthyinttrosamine(DENmitrosomorpholine  (NMOR) to  induce  fbrosis/HCC  as
previously described (Mohamed ¢t al., Liver International 2015, 35(3):1063-1076). The
six amimal groups for study are listed in Table 1.

Table 1. Animal groups

1. Sham + saline 4, DEN + saline

2. Sham + OP (week 1-14) - prevention 5. DEN + OP (week 1-14) - prevention

3. Sham + OP (weck 7-14} - treatmend 6. DEN + OP (week 7-14) - treatment
Example 7

Reduction in ammonia level reduces proeression of NAFLD

[6117] NAFLD 1s induced in rats by feeding male rats with a liquid high-fat
diet (HFD) (71% of keal fat) for ap o 16 weeks. Obese Zucker rats, which is one of the
most cormmonly used models of NAFLD in rats, are provided. Omithine in combination
with at least one of phenylacetate and phenylbutyrate, for example OP, are administered
to the HFD rats and the obese Zocker rats. It is expected that the administration of
ornithine n combination with at least one of phenylacetate and phenylbutyrate, which
reduces anmmonia concentration m the HFD rats and the obese Zucker rats, 15 effective
reducing progression of NAFLD in diet-induced NAFLD rat models as well as in genetic

rat model of NAFLD.

[0118] NAFLE is induced in rats by feeding male rats with a liquid high-fat
dict (HFD) {71% of keal fat) for three weeks. Obese Zucker rats, which is one of the most
commonly used models of NAFLD in rats, are provided. Spontancous hyperammonemia
1s engineered in both dict-induced and genctic NAFLD rat models by making the rats
deficient in ornithine transcarbamoylase {OTC deficiency). OTC deficient rats are made
by mutating or deleting the OTC gene i the rats. Induced hyperammoncmia is
engineered in both diet-induced and genetic NAFLD rat models by feeding high-protein
diet to the rats. It is expected that both of the spontaneous and induced hyperammonemia

worsen the progression of NAFLD and fibrosis.

3.
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Example 9

Welsht reduction reduces progression of NAFLD

[6119] NAFLD 1s induced in rats by feeding male rats with a liquid high-fat
dict (HFD} (71% of keal fat) for three weeks. Obese Zucker rats, which 1s one of the nost
commondy used models of NAFLD in rats, are provided. Weight reduction surgery is
performed on the HFD rats and the obese. It is expected that the weight reduction surgery
reduces progression of NAFLD in dict-induced NAFLD rat models as well as in genstic
rat model of NAFLD. ¥t is also expected that the weight reduction improves hepatic

nitrogen handling, OTC gene/protein expression and function in the NAFLD rat models.

10128] Although the present disclosure has been described with reference to
cmbodimenis and cxamples, it should be understood that pumerous and varicus
maodifications can be made withowt departing from the spirit of the present disclosure.
Accordingly, the present disclosure is limited only by the following claims.

{81231 All references cited herein, inclhuding patents, patont applications,
papers, text books, and the like, and the references cited herein, to the extent that they are
not already, are horeby incorporated by reference in their entirety. In the event that one
or more of the incorporated literature and similar materials differ from or contradict this
application, including but not Hmited to defined terms, term usage, described techniques,
or the like, this application controls.

[6122] In at least some of the previously described embodiments, one or more
clements used in an embodiment can interchangeably be used in another embodiment
gnless such a replacement is not techmically feasible. It will be appreciated by those
skilled in the art that varicus other omissions, additions and modifications may be made
to the methods and structures described above without depariing from the scope of the
claimed subject matter.  All such modifications and changes are intended to fall within
the scope of the subject matter, as defined by the appended claims.

{81231 With respect to the use of substantially any phlural and/or singular
terms herein, those having skill in the art can translate from the plural to the singular
and/or from the singular to the ploral as is appropriate to the context and/or application.
The various singular/plural permutations may be cxpressly set forth herein for sake of

clarity.
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{0124] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the torm “inchiding” should be interpreted as
“including but not limited t0,” the torm “having” should be interpreted as “having at
least,” the term “includes” should be interpreted as “meludes but 15 not limited to,” ctc.).
It will be further understood by those within the art that if a specific mmuber of an
introduced claiin recitation is intended, such an ntent will be explicitly rectted in the
claimg, and in the absence of such recitation no such intent is present. For example, as an
aid to understanding, the following appended claims may comtain usage of the

¥

miroductory phrases "at least ong” and "one or more” to introduce claim recitations.
However, the use of such phrases should not be construed to imply that the introduction
of a claim recitation by the indefinite articles "a” or "an” limits any particular claim
condaining such introduced claim recitation to embodiments containing only one such
recitation, even when the same claim includes the imtroductory phrases "one or more” or

PNt

"at fcast one" and indefinite articles such as "a" or "an

14

{e.g., “a” and/or “an” should be
interpreted to mean “at least one” or “one or more”); the same holds true for the use of
definite articles used to introduce claim recitations. In addition, even if a specific number
of an introduced claim recitation is oxplicitly rectted, those skilled in the art will
recognize that such recttation should be mterpreted to mean at least the recited number
{e.g., the bare recttation of "two recitations,” without other modifiers, means at least two
recitations, or two or meore recitations).  Furthermore, in those instances where a
conveuntion analogous to “at least one of A, B, and C, etc.” is used, in general such a
construction is intended in the sense one having skill in the art would understand the
convention {e.g., *“ a system having at least one of A, B, and O would inchude but not be
tuotted to systemas that have A alone, B alone, C alone, A snd B together, A and C
together, B and C together, and/or A, B, and C together, cte.). 1o those mstances where a

)

convention analogous to “at least one of A, B, or C, ete.” is used, in general such a
construction is intended in the sense one having skill in the art would undesstand the
conveuntion {e.g., © a system having at least one of A, B, or " would inclode but not be
fimited to systems that have A alone, B alone, € alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc). It will be further
understood by those within the art that virtually any disjunctive word and/or phrase

presenting two or more alternative terms, whether in the description, claims, or drawings,
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should be understood to contemplate the possibiiities of including one of the terms, either
of the terms, or both terms. For example, the phrase “A or B” will be understood to
melade the possibilitics of “A” or “B” or “A and B.”

{31251 In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recogrize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

10126] As will be understood by one skilled v the art, for any and all
purposes, such as in terms of providing a written description, ali ranges disclosed herein
also encompass any and all possible sub-ranges and combinations of sub-ranges thereof.
Any listed range can be casily recognized as sufficiently describing and cpabling the
same range being broken down info at least equal halves, thirds, quarters, {ifths, tenths,
ctc. As a non-limiting example, cach range discussed hercin can be readily broken down
into a lower third, middle third and opper third, ctc. As will also be understood by one

9% &6

greater than,” “less than,” and

o &6

skilled in the art all language such as “up to,

2% 46,

at least,
the like inchude the number recited and refer to ranges which can be subsequently broken
down into sub-ranges as discussed above. Finally, as will be understood by one skilled in
the art, a range includes cach individual member. Thus, for example, 3 group having 1-3
articles refers to groups baving 1, 2, or 3 articles. Similarly, a group having 1-5 articles
refors to groups having i, 2, 3, 4, or 5 articles, and so forth,

6127} While various aspects and embodiments have been disclosed herein,
other aspects and embodiments will be apparent to those skilled in the art. The varicus
aspects and cmboediments disclosed herein are for purposes of illustration and are not
intended to be limiting, with the true scope and spirit being indicated by the following
clatms.

1812381 All references cited herein, inchuding patents, patent applications,
papers, text books, and the like, and the references cited herein, to the extent that they are
not already, are hereby incorporated by reference in their entivety. In the event that one
or more of the incorporated literature and stmilar materials differ from or contradict this
application, inclading but not imited to defined terms, term usage, described techniques,

or the hike, this application controls
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WHAT IS CLAIMED IS;

1. A method of treating a disease associated with hepatic stellate cell (HSC)
activation, comprising performing an ammonia-lowering therapy on a subject in need
thereof.

2. A method of delaying the onset or progression of a disease associated with
hepatic stellate cell (HSC) activation, comprising performing an ammonia-lowering
therapy on a subject in need thereof.

3 The method of claim | or 2, wherein performing the ammonia-lowering
therapy comprises adnunistering an ammonia-lowering agent o the subject.

4. The method of claim 3, wherein the ammoma-lowering agent comprises a
magnesium  phosphate  product (MGP), glveerol phenylbutyrate (GPB), sodium
phenyiacetate, sodium phenylbutyrate (NaPBA), glutamine, sodium benzoate, L-
arabmose, a laxative, an antibiotic, ornithing in combination with at least one of
phenyiacetate and phenylbutyrate, or any combination thereof.

S. The method of claim 3, wherein the ammonia-lowering agent comprises
ornithine in combination with at least one of phenylacetate and phenylbutyrate.

6. The method of ¢laim 3, wherein separate pharmaceutically acceptable salts
of the ormithine and at lcast one of phenylacetate and phenylbutyrate are administered to
the subject.

7. The method of claim 6, wherein at least one of phenylacetate and
phenyibutyrate is administered as a sodivm phenylacetate or sodium phenylbutyrate.

g, The method of clainy 5, wherein the omithine is administered as a free
monomeric amine acid or physiologically acceptable salt thereof.

9, The method of claim 5, whercin the omithine and phenylacetaie 15
administered as ornithine phenylacetate,

10. The method of any one of claims 3-9, wherein the adminisiration is oral,
intravenous, infraperitoneal, infragasiric, or intravascular admidstration,

i The method of clatm 10, wherein the administration is infravenous
administration.

12. The method of claim 10, wherein the administration is oral administration.

13 The method of claim 1-1Z2, wherein the disease associated with HSC

activation is non-alecholic fatty liver disease (NAFLD).
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14, The method of claim 13, wherein the NAFLD 18 non-alcoholic
steatohepatitis (NASH).

15. The method of claim 13, wherein the NAFLD is steatosis.

16. The method of claim 1-12, wherein the disease associated with HSC
activation is hiver cancer.

17. The method of claim 1-12, wherein the disease associated with HSC
activation is & fibrotic condition.

18. The method of claim 17, wherein the fibrotic condition s liver fibrosis.

19, The method of any one of claims 16-18, wherein the subject is suffering
from non-alcoholic fatty hver disease (NAFLD).

20. A method of preventing non-aleoholic fatty liver disease (NAFLD),
comprising performing an ammonia-lowering therapy on a subject in need thereof.

2L The method of claim 20, wherein performing the ammnonia-lowering
therapy comprises adnunistering an ammomnia-lowering agent to the subject.

22, The method of claim 20 or 21, wherein the NAFLD is nonp-aleoholic
steatohepatitis (NASH).

23, The method of claim 20 or 21, wherein the NAFLD is steatosis.

24, The method of any one of claims 21-23, wherein the ammonia-lowering
agent comprises a magnesium phosphate product (MGP), glycerol phenylbuatyrate (GPB),
sodium phenylacetate, sodium phenyibutyrate (NaPBA), glutamine, sodiom benzoate, L-
arabinose, a laxative, an antibiotic, ornithine in combination with at least one of
phenyiacetate and phenylbutyrate, or any combination thereof.

25, The method of claim 24, wherein the ammonia-lowering agent comyprises
orutthine in combination with at least one of phenylacetate and phenylbutyrate.

26, The method of clatm 25, wherein separate pharmaceutically accoptable
salts of the omithine and at least onc of phenylacotate and phenylbutyrate are
administered to the subject.

27, The method of claim 26, wherein at least one of pheonyiacetate and
phenyibutyrate is administered as a sodivm phenylacetate or sodium phenylbutyrate.

28. The method of claim 25, wherein the ornithine is administcred as a free
monomeric amino acid or physiologically acceptable salt thercof.

248, The method of claim 25, wherein the omithine and phenylacetate s

administered as ornithine phenylacetate,

37



WO 2016/085887 PCT/US2015/062223

36, The method of any one of claims 21-29, wherein the administration is oral,

miravenous, infraperitoncal, intragastric, or infravascular administration.

31 The method of claim 30, wherein the admunistration i3 intravenous
administration.
32, The method of claim 30, wherein the adminmstration is oral admintstration.

38



