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(57) Abstract: Disclosed are compositions and methods for treating a liver disease in a subject by increasing transport or retention of
HNF4q, a transcriptional factor, into a nucleus of a hepatocyte in the subject. In some embodiments, the method comprises upregulating
expression or function of one or more transcription factors selected from the group consisting of PROX1, NR5A2, NROB2, MTF1,
SREBPI1, EP300, and POMI121C, and functional fragments thereof, and/or downregulating expression or function of one or more
transcription factors DNAJB 1/F1SP40, ATFo6, ATF4, and PERK, and functional fragments thereof.
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COMPOSITIONS AND METHODS FOR TREATING LIVER DISEASE

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the priority benefit of U.S. Provisional Application No.

62/915,765, filed October 16, 2019, which is incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
This invention was made with government support under grant number DK099257

awarded by the National Institutes of Health. The government has certain rights in the invention.

FIELD
The present disclosure relates to modulation of HNF4a expression or activity to, e.g.,

treat liver disease and/or liver disorders.

BACKGROUND

Terminal liver failure (TLF) as a consequence of advanced liver cirrhosis, represented
the twelfth leading cause of death in 2015 with an estimated 15.8 deaths per 100,000 population
globally (Tsochatzis EA et al., 2014). In the United States, the number of registered deaths
coupled to chronic liver disease and cirrhosis in 2015 was 40,326, with a mortality of 12.5
deaths per 100,000 population, an interannual increase of 3.8% (Murphy SL et al., 2017;
Goldman L, et al., 2016). The most affected age range is among 45 to 64 years old with a
mortality of 26.4 deaths per 100,000 population, which ranks chronic liver disease and cirrhosis
as the fourth leading cause of death in this age range after cancer, heart disease, and
unintentional injuries (Murphy SL et al., 2017). The only definitive therapy for TLF is
orthotopic liver transplantation which, given the number of patients in need of liver transplants
and the inadequate number of available organs, essentially makes TLF an untreatable discase
(Lopez PM et al., 2006).

There are numerous causes of chronic liver disease, including chronic infection by
hepatitis viruses, alcohol-mediated cirrhosis, and non-alcoholic steatohepatitis (NASH)
(Archambeaud I et al., 2015; Donato F et al,. 2006; Gelatti U et al., 2005; Kuper H et al., 2000,

and each can produce hepatocellular failure (Guzman-Lepe J et al., 2018; Hernaez R et al., 2017;
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Lee YA et al., 2015; Pessayre D et al., 1978). The mechanisms responsible for deterioration of
hepatocyte function and ultimately hepatic failure in man are poorly understood.

The principal causes of chronic liver disease, cirrhosis, and lately TLF are related to
infection by hepatitis B and C viruses, alcohol-mediated Laennec's cirrhosis, and non-alcoholic
steatohepatitis (NASH)/metabolic syndrome (Archambeaud et al., 2015; Donato F et al., 2006;
Gelatti et al., 2005; Kuper et al., 2000). These etiologic agents cause fibrosis that disrupts the
normal lobular architecture with alterations of the vasculature (Goldman L, et al., 2016). These
pathological changes have been associated with hepatocellular failure and inability of
hepatocytes to perform their normal functions (Guzman-Lepe J et al., 2018; Hernaez R et al.,
2007; Lee Ya et al., 2015; Pessayre D et al., 1978) but the mechanisms responsible for
deterioration of hepatocyte function and ultimately hepatic failure are unknown in humans. The
chronic hepatic damage produces oxidative stress (Cichoz-Lach H et al., 2014; Simoes ICM et
al., 2018) and endoplasmic reticulum stress (Malhi H et al., 2011; Zhang XQ et al., 2014) that
induce cell death (Cichoz-Lach H et al., 2014; Malhi H et al., 2011; Zhang XQ et al., 2014;
Wang K et al., 2014; Seki E et al., 2015) and ultimately reducing the proliferative capacity of the
hepatocytes (Zhang BH et al., 1999; Michalopoulos GK et al., 2015; Dubuquoy L et al., 2015).

It has been determined that liver-enriched transcription factors are stably down
regulated in hepatocytes from rats with end-stage cirrhosis (Nishikawa T et al., 2014;
Guzman-Lepe J et al., 2019), and that forced re-expression of one of them, hepatocyte
nuclear factor 4 alpha (HNF4a), reprograms dysfunctional hepatocytes to regain function,
both in culture and in vivo (Nishikawa T et al., 2014). A study of a large cohort of patients
with advanced liver disease shows that the level of HNF4a mRNA expression in the
diseased liver correlated with the extent of hepatic dysfunction (Childs-Pugh classification)
and that HNF4a expression was not localized in the nucleus (Guzman-Lepe J et al., 2019).
Forced re-expression of hepatocyte nuclear factor 4 alpha (HNF4a) can reprogram dysfunctional
hepatocytes from terminally cirrhotic livers to function again, both in culture and in vivo,
without the expansion of new hepatocytes or stem cells (Nishikawa T et al., 2014). Down-
regulation of LETFs, including a significant reduction in HNF4a nuclear localization and
mRNA expression, is associated with the extent of hepatic dysfunction in a large cohort of
human livers with TLF (Guzman-Lepe J et al., 2018).

HNF4a is a transcription factor that plays a critical role in liver organogenesis and
hepatocyte function in adult livers (Nishikawa T et al., 2014; Babeu JP et al., 2014). The main
HNF4a action has been regulation of specifically targeted genes involved in lipid, glucose,

xenobiotic, and drug metabolism (Nishikawa T et al., 2014; Babeu JP et al., 2014). A single
2
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gene codes for HNF4a in human (Kritis AA et al., 1999), which is regulated by two different
promoters. These promoters produce two isoform classes, P1 and P2 (Babeu JP et al., 2014). P1
isoforms are mainly expressed in the adult liver, whereas P2 isoforms have been detected in the
liver during embryonic development and under pathological conditions such as cancer (Babeu
JP et al., 2014; Walesky C et al., 2015; Tanaka T et al., 2006). The expression and function of
HNF4q are regulated at multiple levels (Chellappa K et al., 2012; Guo H et al., 2014; Hong
YH et al., 2003; Lu H et al., 2016, Song Y et al., 2015; Soutoglou E et al., 2000; Sun K et al.,
2007; Xu Z et al., 2007; Yokoyama A et al., 2011; Zhou W et al., 2012).

Therefore, what is needed are compositions and methods for modulating HNF4a
expression and/or treating liver diseases and/or liver disorders. The compositions and methods

disclosed herein address these and other neads.

SUMMARY

The compositions and methods disclosed herein address the certain unmet needs in liver
disease treatment. In some aspects, disclosed herein are compositions and uses thereof for a
medicament for the treatment of liver diseases and/or liver disorders, wherein the composition
increases an amount or function of one or more transcription factors selected from the group
consisting of PROX1, NR5SA2, NROB2, MTF1, SREBP1, EP300, and/or POM121C or decreases
an amount or suppresses a function of one or more transcription factors selected from the group
consisting of DNAJB1/HSP40, ATF6, ATF4, and PERK. In some embodiments, the
composition is a vector, and wherein the vector comprises one or more nucleic acids that encode
the one or more of PROX1, NR5A2, NROB2, MTF1, SREBP1, EP300, and/or POM121C. In
some embodiments, the composition is a vector comprising a nucleic acid encoding HNF4a
(e.g., HNF4a isoform 2). The compositions and the methods disclosed herein result in surprising
increase in an amount of HNF4a in a hepatocyte (e.g., an increase in a total amount of HNF4a in
the hepatocyte, and/or an increase in an amount of HNF4a in the nucleus of the hepatocyte),
resulting in an effective treatment of liver diseases (e.g., an end-stage liver disease).

In some aspects, disclosed herein is a method of treating a liver disease in a subject in
need thereof comprising administering to the subject a composition, wherein the composition
increases an amount or function of one or more transcription factors selected from the group
consisting of PROX1, NR5SA2, NROB2, MTF1, SREBP1, EP300, and POM121C.

In some aspects, disclosed herein is a use of a composition for the preparation of a
medicament for treatment a liver disease in a subject in need thereof comprising administering to

the subject the composition, wherein the composition increases an amount or function of one or
3
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more transcription factors selected from the group consisting of PROX1, NR5A2, NROB2,
MTF1, SREBP1, EP300, and POM121C.

In some embodiments, the composition is a vector, and wherein the vector comprises one
or more nucleic acids that encode the one or more of PROX1, NR5A2, NROB2, MTF1,
SREBP1, EP300, and POM121C. In some embodiments, the vector comprises one or more
nucleic acids that encode the PROX1 and/or SREBP1. The one or more nucleic acids can be a
DNA or a mRNA.

In some aspects, disclosed herein is a method of treating a liver disease in a subject in
need thereof comprising administering to the subject a composition, wherein the composition
decreases an amount or suppresses a function of one or more transcription factors selected from
the group consisting of DNAJIB1/HSP40, ATF6, ATF4, and PERK.

In some aspects, disclosed herein is a use of a composition for the preparation of a
medicament for treatment a liver disease in a subject in need thereof comprising administering to
the subject the composition, wherein the composition decreases an amount or function of one or
more transcription factors selected from the group consisting of DNAJB1/HSP40, ATF6, ATF4,
and PERK.

In some embodiments, the administration of the composition increases an amount of
HNF4a in a nucleus of a hepatocyte in the subject. In some embodiments, the administration of
the composition does not increase a total amount of HNF4a in the hepatocyte. In some
embodiments, the administration of the composition increases a total amount of HNF4a in the
hepatocyte.

In some embodiments, the vector further comprises a nucleic acid that encodes HNF4q.
In some embodiments, the method further comprises administering to the subject a vector that
comprises a nucleic acid that encodes HNF4a. In one example, the nucleic acid encodes HNF4a
isoform 2.

In some aspects, disclosed herein is a composition comprising a vector, wherein the
vector comprises one or more nucleic acids that encode one or more transcription factors
selected from the group consisting of PROX1, NR5SA2, NROB2, MTF1, SREBP1, EP300, and
POM121C, and functional fragments thereof.

In some aspects, disclosed herein is a method of treating a liver disease in a subject in
need thereof comprising administering to the subject a vector that comprises a nucleic acid

encoding HNF4q isoform 2.
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In some aspects, disclosed herein is a use of a vector for preparation for medicament for
treatment of a liver disease, wherein the vector comprises a nucleic acid encoding HNF4a

isoform 2.

DESCRIPTION OF DRAWINGS

Figures 1A-1C show HNF4a location in hepatocytes from normal and cirrhotic
livers. Figure 1A shows representative photographs of HNF4a immunofluorescence of
isolated human hepatocytes from NASH decompensated liver and normal human
hepatocytes. Western blot analysis and quantification of HNF4a normalized to Beta-Actin
in hepatocytes isolated from functionally decompensated livers (NASH and alcohol-
mediated Laennec's cirrhosis) (n=6) and hepatocytes isolated from normal liver controls
{(n=2). Figure 1A shows total HNF4a; normal human hepatocytes vs decompensated human
hepatocytes, P = 0.166. Figure 1B shows cytoplasm HNF4a; normal human hepatocytes vs
decompensated human hepatocytes, P = 0.023. Figure 1C shows nuclear HNF4a; normal
human hepatocytes vs decompensated human hepatocytes, P = 0.023). Graphs from A to C
are plotted as the mean + SD. Statistically significant (P < 0.05). Diamonds show Child-
Pugh “B” and squares show Child-Pugh “C”.

Figures 2A-2C show protein expression and Spearman’s rank correlation test of
HNF4a post translational modifiers. Figures 2A and 2B show Western blot analysis (2A)
and quantification (2B) of EGFR (P=0.904), cMET (P = 0.023), total AMPKa (P > 0.999),
p-AMPKo(Thr172) (P=0.547), total AKT (P =0.047), p-AKT(Ser473) (P =0.547), p-
AKT(Thr308) (P = 0.024), p-AMPKa(Thr172)/ AMPKa ratio (P=0.5476), p-AKT(Ser473)
/ AKT ratio (P=0.1667) and p-AKT(Thr308)/total AKT ratio (P =0.0238) in
decompensated NASH (n=4) and alcohol-mediated Laennec's cirrhotic hepatocytes (n=2)
and normal control hepatocytes (n=2). In Fig. 2B, filled squares refer to Child-Pugh “B”
and filled diamonds refer to Child-Pugh “C”. Figure 2C shows that Spearman’s rank
correlation test is shown and demonstrates that nuclear HNF4a correlates significantly with
cMET (r=0.71; P=0.037), total AKT (r =0.71; P =0.037), phospho-AKT(Thr308) (r =
0.82; P =0.011), and phospho-AKT(Thr308)/total AKT ratio (r =0.73; P =0.031).
Cytoplasmic HNF4a showed significant correlation with cMET (r = -0.80; P = 0.014), total
AKT (r =-0.73; P = 0.031), phospho-AKT(Thr308) (r = -0.77; P =0.021, and phospho-
AKT(Thr308)/total AKT ratio (r = - 0.72; P = 0.037). Bar graphs of Figure 2B are plotted as
the mean = SD. Statistically significant (P < 0.05).
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Figures 3A-3D show the relationship of post-translational modifiers and HNF4a
cellular localization. Figure 3A shows that path analysis revealed a significant direct
relation between HNF4« localization with cMET (0.56; P = 0.004),
phosphoAKT(Thr308)/Total AKT ratio (0.05; P = 0.006) and total HNF4q levels (0.60; P =
0.042). Path analysis revealed a negative significant relationship between cMET and total
HNF4a (-0.37; P=0.024). Figure 3B depicts that linear regression analysis showed the
significant relation of nuclear HNF4a expression and the degree of liver dysfunction (Child-
Pugh score) (R?70.80, P=0.007). Figure 3C depicts that principal component analysis (PCA)
showed a protein profile that correlates with HNF4a expression explain positively the
characteristics of normal human hepatocytes (n=2) while cytoplasmic HNF4a, active
caspase 3, p-AKT(Ser473)/total AKT ratio and p-AMPK(Ser172)/AMPK explained the
characteristics of decompensated human hepatocytesfrom NASH (n=4) and alcohol-
mediated Laennec's cirrhotic livers (n=2). Graphs of Figure 3D show protein expression
fold changes used for PCA analysis of total, nucleus, or cytoplasmic HNF4q (the three
graphs in the top row), cMET, p-AMPK(Ser172)/AMPK, p-AKT(Ser473)/total AKT, p-
AKT(Serd73)/total AKT and phosphoAKT(Thr308)/Total AKT ratio, p-H3(Ser10) and
active Caspase (graphs in the second and bottom rows) in decompensated human
hepatocytes (Child-Pugh Classification B and C) relative to normal human hepatocytes. The
graphs are plotted as the mean = SD. Statistically significant (P < 0.05).

Figures 4A-4C show that acetylation of nuclear HNF4q is altered in human
decompensated hepatocytes from NASH and alcohol-mediated Laennec's cirrhotic
explanted livers. Figures 4A and 4B show Western blots and quantification of the acetylated
form of HNF4a (Lys106) in the nuclear fraction of human hepatocytes from decompensated
NASH (n=4) and alcohol-mediated Laennec's cirrhotic (n=4) explanted livers (P = 0.024).
The linear regression analysis in Figure 4C shows a significant correlation of reduced
acetylated form of HNF4q (Lys106) and liver dysfunction (R? =0.71, P = 0.004). Bar graph
is plotted as the mean+ SD. Statistically significant (P < 0.05).

Figure 5 shows in silico analysis of HNF4a-post-translational modifications (PTMs).
Figure 5 provides a list of the HNF4a-PTMs.

Figures 6A-6B show the relationship of the activated AKT pathway with HNF4a
post-translational modifiers and p-EGFR expression in human decompensated hepatocytes
from NASH and alcohol-mediated Laennec's cirrhotic explanted livers. Figure 6A shows
Spearman correlation for phospho-AKT (Thr308)/AKT. Figure 6B shows Spearman
correlation for phospho-AKT (Ser473)/AKT.

6
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Figures 7A-7C show the expression levels of the liver-enriched transcription factor
HNF4a a in human hepatocytes isolated from an explanted liver of a patient with alcoholic
hepatitis at the mRNA level (Figure 7A) compared to that of freshly isolated normal human
hepatocytes and at a protein level (Figure 7B) by immunohistochemistry demonstrating that
only about 40% of the alcohol hepatitis hepatocytes express HNF4a in the nuclei with a
weak intensity and about 10% of the cells had HNF4a cytoplasmic expression. For Figure
7C, freshly isolated human alcohol hepatitis hepatocytes were treated with a lentivirus
encoding HNF4a (Systems Bioscience, Cat#CS970S-1; HNF4a in CD511B-1). This figure
shows that after 72h, HNF4a expression did not change the percent of hepatocytes
expressing HNF4a in the nuclei. However, HNF4a expression intensity increased
dramatically in the existing cells. Altogether this data show that HNF4a transportation to
the nucleus can play an important role for the hepatocytes to regain function in humans with
alcoholic hepatitis.

Figures 8 A-8F show MTF1 expression in primary human hepatocytes. Figure 8 A shows
that primary human hepatocytes isolated from livers of patients undergoing liver transplantation
for NASH or Alcohol-induced cirrhosis were analyzed for the expression of MTF1 (MA5-26738
1:1000) and HNF4a (ab41898 1:1000) by Western Blot. Figures 8B and 8C show the relative
intensity of HNF4a (Figs. 8B and 8C) and MTF]1 (Figs. 8D and 8E) among the control
hepatocytes, Child B hepatocytes and Child C hepatocytes was compared by One-Way ANOVA
with Brown-Forsythe and Welch ANOV A Test for multiple comparisons. The expression of
HNF4a and MTF]1 is lower in Child C hepatocytes compared to Child B hepatocytes. Figs. 8B
and 8D, * p<0.003, ** p<0.01, *** p<0.0001, n=25. Fig. 8C R?=0.019, p=0.06, n=19. Fig. 8E
R?=0.015, p=0.1, n=19. Figure 8F shows that correlation studies with Child-Pugh Score, protein
expression of HNF4a and MTF1 were performed using Simple linear regression. Black circles
refer to control, light grey circles refer to Child B, dark grey circles refer to Child C. The protein
expression of HNF4q, correlates with the protein expression of MTF1 (R?=0.28, p=0.007, n=25).

Figures 9A-9D show NROB2 expression in primary human hepatocytes. Figure 9A
shows that primary human hepatocytes isolated from livers of patients undergoing liver
transplantation for NASH or Alcohol-induced cirrhosis were analyzed for the expression of
NROB2 (Abclonal A1836 1:500) and HNF4a (ab41898 1:1000) by Western Blot. Figures 9B
and 9C show the relative intensity of NROB2 among the control hepatocytes, Child B
hepatocytes and Child C hepatocytes was compared by One-Way ANOVA with Brown-
Forsythe and Welch ANOV A Test for multiple comparisons. Fig. 9B * p<0.05, ** p<0.01, ***
p<0.001, n=25. Fig. 9C R?>=0.19, p=0.06, n=19. The expression of NROB?2 is different in Child

7
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C, Child B and Control hepatocytes. Figure 9D shows that correlation studies with Child-Pugh
Score, protein expression of HNF4a and NROB2 were performed using Simple linear regression.
Black circles refer to control, light grey circles refer to Child B, dark grey circles refer to Child
C (R?=0.12, p=0.1, n=25).

Figures 10A-10D show NR5A2 expression in primary human hepatocytes. Figure 10A
shows that primary human hepatocytes isolated from livers of patients undergoing liver
transplantation for NASH or Alcohol-induced cirrhosis were analyzed for the expression of
NRSA2 (Novus NBP2-27196 1:500) and HNF4a (ab41898 1:1000) by Western Blot. Figures
10B and 10C show the relative intensity of NR5SA2 among the control hepatocytes, Child B
hepatocytes and Child C hepatocytes was compared by One-Way ANOVA with Brown-
Forsythe and Welch ANOV A Test for multiple comparisons. Fig. 10B * p<0.05, n=25. Fig. 10C
R2=0.17, p=0.07, n=19. The expression of NR5SA?2 is different between Child B and Child C and
Control hepatocytes. Figure 10B shows that correlation studies with Child-Pugh Score, protein
expression of HNF4o and NROB2 were performed using Simple linear regression. The protein
expression of NRSA2 correlates with the expression of HNF4a. Black circles refer to control,
light grey circles refer to Child B, dark grey circles refer to Child C (R?=0.17, p<0.05, n=25).

Figures 11A-11D show Prox1 expression in primary human hepatocytes. Figure 11A
shows that primary human hepatocytes isolated from livers of patients undergoing liver
transplantation for NASH or Alcohol-induced cirrhosis were analyzed for the expression of
PROXI1 (R&D AF2727 1:500) and HNF4a (ab41898 1:1000) by Western Blot. Figures 11B and
11C show the relative intensity of PROX1 among the control hepatocytes, Child B hepatocytes
and Child C hepatocytes compared by One-Way ANOVA with Brown-Forsythe and Welch
ANOVA Test for multiple comparisons. Fig. 11B * p<0.02, n=25. Fig. 11C R?>=0.02, p=0.6,
n=19. The expression of PROXI is different in Child C and Control hepatocytes. Figure 11D
shows that correlation studies with Child-Pugh Score, protein expression of HNF4o0 and PROX1
were performed using Simple linear regression. Black circles refer to control, light grey circles
refer to Child B, dark grey circles refer to Child C (R’=0.02, p=0.46, n=25).

Figures 12A-12D show POM121C expression in primary human hepatocytes. Figure
12A shows that primary human hepatocytes isolated from livers of patients undergoing liver
transplantation for NASH or Alcohol-induced cirrhosis were analyzed for the expression of
POM121C (PA5-85161 1:500) and HNF4a (ab41898 1:1000) by Western Blot. Figures 12B and
12C show the relative intensity of POM121C among the control hepatocytes, Child B
hepatocytes and Child C hepatocytes was compared by One-Way ANOVA with Brown-
Forsythe and Welch ANOVA Test for multiple comparisons. Fig. 12B n=25. Fig. 12C R?>=0.08,

8



20

25

30

WO 2021/076566 PCT/US2020/055500

p=0.24, n=25. Figure 12D shows that correlation studies with Child-Pugh Score, protein
expression of HNF4a and POM121C were performed using Simple linear regression. Black
circles refer to control, light grey circles refer to Child B, dark grey circles refer to Child C
(R?=0.06, p=0.23, n=25).

Figures 13A-13D show SREBP1 expression in primary human hepatocytes. Figure 13A
shows that primary human hepatocytes isolated from livers of patients undergoing liver
transplantation for NASH or Alcohol-induced cirrhosis were analyzed for the expression of
SREBP1 (Abcam ab28481 1:500) and HNF4a (ab41898 1:1000) by Western Blot. Figures 13B
and 13C show the relative intensity of SREBP1 among the control hepatocytes, Child B
hepatocytes and Child C hepatocytes was compared by One-Way ANOVA with Brown-
Forsythe and Welch ANOVA Test for multiple comparisons. Fig. 13B n=25. Fig. 13C R?>=0.02,
p=0.54, n=19. Figure 13D shows that correlation studies with Child-Pugh Score, protein
expression of HNF4a and SREBP1 were performed using Simple linear regression. Black
circles refer to control, light grey circles refer to Child B, dark grey circles refer to Child C
(R2=0.01, p=0.86, n=25).

Figures 14A-14D show EP300 expression in primary human hepatocytes. Figure 14A
shows that primary human hepatocytes isolated from livers of patients undergoing liver
transplantation for NASH or Alcohol-induced cirrhosis were analyzed for the expression of
EP300 (Novus NB100-616 1:500) and HNF4a (ab41898 1:1000) by Western Blot. Figures 14B
and 14C show the relative intensity of EP300 among the control hepatocytes, Child B
hepatocytes and Child C hepatocytes was compared by One-Way ANOVA with Brown-
Forsythe and Welch ANOVA Test for multiple comparisons. Fig. 14B n=25. Fig. 14C R?>=0.32,
p=0.01, n=19. Figure 14D shows that correlation studies with Child-Pugh Score, protein
expression of HNF4a and EP300 were performed using Simple linear regression. Black circles
refer to control, light grey circles refer to Child B, dark grey circles refer to Child C (R?>=0.01,
p=0.69, n=25).

Figures 15A and B show that CRISPR/Cas9 Knockout of EP300, MTF1, NROB2,
NR5A2, POM121C, PROX1 or SREBP1 in HepG2 cells was performed and the cellular HNF4a
location was analyzed in immunofluorescence (ab41898 1:500). The total number of nuclei
positive in DAPI and HNF4a (Fig. 15A) and cells positive for HNF4a in the cytoplasm (Fig.
15B) were counted. The statistical analysis was performed using One-Way ANOVA with
Brown-Forsythe and Welch ANOVA Test for multiple comparisons. Knockout of EP300,
MTF1, NROB2, NR5A2, POM121C, PROX1 and SREBP1 showed a reduced nuclear location

of HNF4a and an increase in cytoplasmic location of HNF4a. *p<0.05.
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Figure 16 shows that primary human hepatocytes isolated from a patient with NASH
undergoing liver transplantation were transduced with AAV- HNF4a and AAV-MTF1, NROB2,
NR5SA2, POM121C, PROX1, SREBP1 or GFP with a MOI of 10°. The percentage of nuclei
positive for HNF4a was counted. The statistical analysis was performed using One-Way
ANOVA with Brown-Forsythe and Welch ANOVA Test for multiple comparisons. Co-
Transduction with HNF4a, MTF1, NROB2, POM121C, PROX1 and SREBPI1 lead to an
increase in the number of positive nuclei compared to the GFPHNF4a co-transduction group

(***+*p<0.0001, ***p<0.0005, ** p<0.001, *p<0.05).

DETAILED DESCRIPTION

Disclosed herein are compositions and methods for treating liver disease in a subject by
increasing the expression and/or the transport or retention of HNF4a, a transcriptional factor,
into a nucleus of a hepatocyte in the subject. In some embodiments, the method comprises
upregulating expression or function of one or more transcription factors selected from the group
consisting of PROX1, NR5SA2, NROB2, MTF1, SREBP1, EP300, and POM121C, and functional
fragments thereof, and/or downregulating expression or function of one or more transcription
factors DNAJB1/HSP40, ATF6, ATF4, and PERK, and functional fragments thereof. Itis a
surprising finding that these transcription factors modulate expression and/or localization of
HNF4q, and therefore, can be used for the treatment of liver disease.

In some embodiments, the method comprises administering a vector, wherein the vector
comprises a nucleic acid (e.g., DNA, ceDNA, or mRNA) that encodes one or more
transcriptional factors selected from the group consisting of PROX1, NR5A2, NROB2, MTF1,
SREBP1, EP300, and POM121C, and functional fragments thereof. In some aspects, the
method comprises administering vector comprising a nucleic acid (e.g., DNA, ceDNA or
mRNA) that encodes HNF4qa (e.g., HNF4a isoform 2). In other or further embodiments, the
method comprises administering a composition, wherein the composition decreases an amount
or suppresses function of one or more transcription factors selected from the group consisting of
DNAJB1/HSP40, ATF6, ATF4, and PERK, and functional fragments thereof. In other
embodiments, the method comprises increasing acetylation of HNF4q at Lys106, increasing
expression of cMET, and/or increasing activation of AKT via phosphorylation at Thr308.
The methods disclosed herein have been shown to surprisingly increase an amount of HNF4qa in
a nucleus of a hepatocyte. Such manipulation of HNF4a improves hepatocyte function in

patients with liver disease.
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Terms used throughout this application are to be construed with ordinary and typical
meaning to those of ordinary skill in the art. However, Applicants desire that the following
terms be given the particular definition as provided below.

Terminology

As used in the specification and claims, the singular form "a,"” "an," and "the" include
plural references unless the context clearly dictates otherwise. For example, the term "a cell”
includes a plurality of cells, including mixtures thereof.

The term “about” as used herein when referring to a measurable value such as an
amount, a percentage, and the like, is meant to encompass variations of +20%, +10%, +5%, or
+1% from the measurable value.

“Administration” to a subject or “administering” includes any route of introducing or
delivering to a subject an agent. Administration can be carried out by any suitable route,
including intravenous, intraperitoneal, and the like. Administration includes self-administration
and the administration by another.

The term “comprising” and variations thercof as used herein is used synonymously with
the term “including” and variations thereof and are open, non-limiting terms. Although the terms
“comprising” and “including” have been used herein to describe various embodiments, the terms
“consisting essentially of” and “consisting of”” can be used in place of “comprising” and
“including” to provide for more specific embodiments and are also disclosed.

“Composition” refers to any agent that has a beneficial biological effect. Beneficial
biological effects include both therapeutic effects, e.g., treatment of a disorder or other
undesirable physiological condition, and prophylactic effects, e.g., prevention of a disorder or
other undesirable physiological condition (e.g., a liver disease). The terms also encompass
pharmaceutically acceptable, pharmacologically active derivatives of beneficial agents
specifically mentioned herein, including, but not limited to, a vector, polynucleotide, cells, salts,
esters, amides, proagents, active metabolites, isomers, fragments, analogs, and the like. When
the term “composition” is used, then, or when a particular composition is specifically identified,
it is to be understood that the term includes the composition per se as well as pharmaceutically
acceptable, pharmacologically active vector, polynucleotide, salts, esters, amides, proagents,
conjugates, active metabolites, isomers, fragments, analogs, etc. In some aspects, the
composition disclosed herein comprises a vector, wherein the vector comprises a nucleic acid
that encodes one or more transcription factors selected from the group consisting of PROX1,
NRSA2, NROB2, MTF1, SREBP1, EP300, and POM121C, and functional fragments thereof. In

some aspects, the composition disclosed herein comprises a nucleic acid which decreases an
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amount or suppresses function of one or more transcription factors selected from the group
consisting of DNAJB1/HSP40, ATF6, ATF4, and PERK, and functional fragments thereof. In
some aspects, the composition disclosed herein comprises a vector, wherein the vector
comprises a nucleic acid that encodes HNFo.

“Effective amount” encompasses, without limitation, an amount that can ameliorate,
reverse, mitigate, prevent, or diagnose a symptom or sign of a medical condition or disorder
(e.g., a liver disease). Unless dictated otherwise, explicitly or by context, an “effective amount”
is not limited to a minimal amount sufficient to ameliorate a condition. The severity of a disease
or disorder, as well as the ability of a treatment to prevent, treat, or mitigate, the disease or
disorder can be measured, without implying any limitation, by a biomarker or by a clinical
parameter. The term “effective amount of a vector” or “effective amount of a composition”
refers to an amount of a vector or a composition sufficient to cause some mitigation of a liver
disease or restoration of liver function.

The “fragments,” whether attached to other sequences or not, can include insertions,
deletions, substitutions, or other selected modifications of particular regions or specific amino
acids residues, provided the activity of the fragment is not significantly altered or impaired
compared to the nonmodified peptide or protein. These modifications can provide for some
additional property, such as to remove or add amino acids capable of disulfide bonding, to
increase its bio-longevity, to alter its secretory characteristics, etc. In any case, the fragment
must possess a bioactive property, such as regulating the transcription of the target gene.

The term "gene" or "gene sequence” refers to the coding sequence or control sequence, or
fragments thereof. A gene may include any combination of coding sequence and control sequence,
or fragments thereof. Thus, a "gene" as referred to herein may be all or part of a native gene. A
polynucleotide sequence as referred to herein may be used interchangeably with the term "gene”,
or may include any coding sequence, non-coding sequence or control sequence, fragments thereof,
and combinations thereof. The term "gene" or "gene sequence” includes, for example, control
sequences upstream of the coding sequence (for example, the ribosome binding site).

"Liver discase” as used herein refers generally to diseases, disorders, and conditions
affecting the liver, and may have a wide range of severity encompassing, for example, simple
accumulation of fat in the hepatocytes (steatosis), nonalcoholic steatohepatitis (NASH),
nonalcoholic fatty liver disease (NAFLD), alcohol liver disease (ALD), alcohol-related liver
disease (including, but not limited to fatty liver, alcoholic hepatitis, alcohol-related cirrhosis),
macrovesicular steatosis, periportal and lobular inflammation (steatohepatitis), cirrhosis, fibrosis,

liver ischemia, liver cancer including hepatocellular carcinoma, hepatitis A, hepatitis B, hepatitis
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C, idiopathic liver disease, end-stage liver disease, and liver failure. “Liver cirrhosis” is defined
herein as a chronic disease of the liver marked by a fibrous thickening of the liver tissue and/or
regenerative nodules. The degree or severity of “liver cirrhosis” can be designated by a Child-
Pugh score wherein five clinical measures, levels of total bilirubin, serum albumin, prothrombin
time prolongation, ascites, and hepatic encephalopathy, are scored using a point system of 1 point,
2 point, and 3 point values for varying levels of each clinical measure, with 3 point values being
assigned to the most severe levels of each measure. The total points for all five measures are added
to arrive at a Child-Pugh score and classification. Scores of 5-6 designate Child-Pugh Class A,
scores of 7-9 designate Child-Pugh Class B, and scores of 10-15 designate Child-Pugh Class C.
In general, Child-Pugh Class A indicates the least severe liver disease and Child-Pugh Class C
indicates the most severe liver disease. Accordingly, in some embodiments, the method disclosed
herein can be used to treat a subject having a Child-Pugh Class B or Child-Pugh Class C liver
disease. In some embodiments, the method disclosed here in can be used to treat a subject having
a Child-Pugh Class A liver disease. In various aspects, the method improves the Child-Pugh score
of the subject. In some embodiments, the liver disease is alcoholic hepatitis. In some
embodiments, the method disclosed here in can be used to treat an ischemic donor liver for ex vivo
perfusion. The present invention can be used to treat liver cancer before or after cancer treatment
including before or after liver resection.

The term "nucleic acid" as used herein means a polymer composed of nucleotides, e.g.
deoxyribonucleotides (DNA) or ribonucleotides (RNA). The terms "ribonucleic acid" and "RNA"
as used herein mean a polymer composed of ribonucleotides. The terms "deoxyribonucleic acid"
and "DNA" as used hercin mean a polymer composed of deoxyribonucleotides. In some
embodiments, the nucleic acid is DNA (e.g., ceDNA or ¢cDNA). In some embodiments, the
nucleic acid is mRNA.

The term "polynucleotide” refers to a single or double stranded polymer composed of
nucleotide monomers.

The term "polypeptide" refers to a compound made up of a single chain of D- or L-amino
acids or a mixture of D- and L-amino acids joined by peptide bonds.

The term "promoter” or "regulatory element” refers to a region or sequence determinants
located upstream or downstream from the start of transcription and which are involved in
recognition and binding of RNA polymerase and other proteins to initiate transcription. Promoters
need not be of bacterial origin, for example, promoters derived from viruses or from other

organisms can be used in the compositions, systems, or methods described herein.
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"Pharmaceutically acceptable carrier” (sometimes referred to as a “carrier”) means a
carrier or excipient that is useful in preparing a pharmaceutical or therapeutic composition that is
generally safe and non-toxic, and includes a carrier that is acceptable for veterinary and/or human
pharmaceutical or therapeutic use. The terms "carrier" or "pharmaceutically acceptable carrier”
can include, but are not limited to, phosphate buffered saline solution, water, emulsions (such as
an oil/water or water/oil emulsion) and/or various types of wetting agents.

As used herein, the term “carrier” encompasses any excipient, diluent, filler, salt, buffer,
stabilizer, solubilizer, lipid, stabilizer, or other material well known in the art for use in
pharmaceutical formulations. The choice of a carrier for use in a composition will depend upon
the intended route of administration for the composition. The preparation of pharmaceutically
acceptable carriers and formulations containing these materials is described in, e.g., Remington's
Pharmaceutical Sciences, 21st Edition, ed. University of the Sciences in Philadelphia, Lippincott,
Williams & Wilkins, Philadelphia, PA, 2005. Examples of physiologically acceptable carriers
include saline, glycerol, DMSO, buffers such as phosphate buffers, citrate buffer, and buffers with
other organic acids; antioxidants including ascorbic acid; low molecular weight (less than about
10 residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins;
hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine,
asparagine, arginine or lysine; monosaccharides, disaccharides, and other carbohydrates including
glucose, mannose, or dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol
or sorbitol; salt-forming counterions such as sodium; and/or nonionic surfactants such as
TWEEN™ (ICI, Inc.; Bridgewater, New Jersey), polyethylene glycol (PEG), and
PLURONICS™ (BASF; Florham Park, NJ). To provide for the administration of such dosages
for the desired therapeutic treatment, compositions disclosed herein can advantageously comprise
between about 0.1% and 99% by weight of the total of one or more of the subject compounds
based on the weight of the total composition including carrier or diluent.

The term “subject” is defined herein to include animals such as mammals, including, but
not limited to, primates (e.g., humans), cows, sheep, goats, horses, dogs, cats, rabbits, rats, mice
and the like. In some embodiments, the subject is a human.

The term “transcription factor” used herein refers to a protein that is involved in the
process of transcribing DNA to RNA. Typically, a transcription factor possesses a domain that
binds to the promoter or enhancer region of a specific gene. A transcription factor can also
possess a domain that interacts with RNA polymerase and/or some other transcription factors,

such interactions consequently regulates the amount of RNA transcribed from a DNA.
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Transcription factors can reside in the cytoplasm and be translocated to the nucleus upon

activation.

T3 29

The terms “treat,” “treating,” “treatment,” and grammatical variations thereof as used
herein, include partially or completely delaying, alleviating, mitigating or reducing the intensity
of one or more attendant symptoms of a disorder or condition and/or alleviating, mitigating or
impeding one or more causes of a disorder or condition. Treatments according to the invention
may be applied preventively, prophylactically, palliatively or remedially. Treatments are
administered to a subject prior to onset (e.g., before obvious signs of a liver disease), during
carly onset (e.g., upon initial signs and symptoms of a liver disease), after an established
development of a liver disease, or at the stage of terminal liver failure. Prophylactic
administration can occur for several days to years prior to the manifestation of symptoms of a

liver disease.

29 LT3

In some instances, the terms “treat,” “treating,” “treatment” and grammatical variations
thereof, include mitigating a liver disease, restoring liver function, and/or increasing the amount
of HNFa in a nucleus of a hepatocyte in a subject, as compared with prior to treatment of the
subject or as compared with incidence of such symptom in a general or study population.
"Vector" as used herein is a composition of matter which comprises an isolated nucleic
acid and which can be used to deliver the isolated nucleic acid to the interior of a cell. A vector
may be either a self-replicating, extrachromosomal vector or a vector which integrates into a host
genome. Alternatively, a vector may also be a vehicle comprising the aforementioned nucleic acid
sequence. A vector may be a plasmid, bacteriophage, viral vector (isolated, attenuated,
recombinant, encapsulated as a viral particle, etc.), liposome, exosome, extracellular vesicle,
microparticle and/or a nanoparticle. A vector may comprise a double-stranded or single-stranded
DNA, RNA, or hybrid DNA/RNA sequence comprising double-stranded and/or single-stranded
nucleotides. In some embodiments, the vector is a viral vector that comprises a nucleic acid
sequence that is a viral packaging sequence responsible for packaging one or a plurality of nucleic
acid sequences that encode one or a plurality of polypeptides. In some embodiments, the vector is
a plasmid. In some embodiments the vector is an exosome. In some embodiments, the vector is a
viral particle. In some embodiments, the viral particle is a lentivirus particle. In some
embodiments, the vector is viral vector with a natural and/or an engineered capsid. In some
embodiments, the vector comprises a viral particle comprising a nucleic acid sequence operably

linked to a regulatory sequence, wherein the nucleic acid sequence encodes a fusion protein

comprising one or a plurality of AAV viral particle polypeptides or fragments thereof. In some
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embodiments, the vector is a nanoparticle comprising a nucleic acid or a polypeptide. In various

embodiments, the vector is a lipid-based nanoparticle.

Compositions

As noted above, disclosed herein are methods of treating a liver disease by increasing the
expression and/or transport and/or retention of HNF4a, a transcriptional factor, into a nucleus of
a hepatocyte in the subject. In some embodiments, the method comprises upregulating
expression or function of one or more transcription factors selected from the group consisting of
PROXI1, NR5A2, NROB2, MTF1, SREBP1, EP300, and POM121C, and/or downregulating
expression or function of one or more transcription factors selected from the group consisting of
DNAJB1/HSP40, ATF6, ATF4, and PERK. In some embodiments, the method further
comprises upregulating expression or function of HNF4a inside a cell (e.g., a liver cell),
preferably inside the nucleus of the cell, optionally by increasing expression of endogenous
HNFa or by introducing exogenous HNFo. It is described herein that upregulation of PROX1,
NRSA2, NROB2, MTF1, SREBP1, EP300, and POM121C and/or downregulation of
DNAJB1/HSP40, ATF6, ATF4, and PERK increases levels of HNF4a in a nucleus of a
hepatocyte, leading to restoration of liver function and mitigation of liver disease. In other
embodiments, the method comprises increasing acetylation of HNF4q at Lys106, increasing
expression of cMET, and/or increasing activation of AKT via phosphorylation at Thr308.
These methods can be used in conjunction with the methods described in U.S. Patent
Application Publication 2014/0249209, which is incorporated by reference in its entirety.

In some embodiments, the method further comprises upregulating expression or function
of HNF4a together with one or more transcription factors selected from the group consisting of
PROX1, NR5A2, NROB2, MTF1, SREBPI1, EP300, and POM121C. In some embodiments, the
composition further comprises upregulating expression or function of HNF4a and PROX1. In
some embodiments, the method further comprises upregulating expression or function of
HNF4a and SREBP1. In some embodiments, the method further comprises upregulating
expression or function of HNF4a, PROX1, and SREBP1.

Therefore, included herein are compositions that increase expression or function of one
or more transcription factors selected from the group consisting of PROX1, NR5A2, NROB2,
MTF1, SREBP1, EP300, and POM121C and/or that decrease expression or function of one or
more transcription factors selected from the group consisting of DNAJB1/HSP40, ATF6, ATF4,
and PERK. In some embodiments, the composition upregulates expression or function of
HNF4a together with one or more transcription factors selected from the group consisting of
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PROX1, NR5A2, NROB2, MTF1, SREBPI1, EP300, and POM121C. In some embodiments, the
composition upregulates expression or function of HNF4a and PROX1. In some embodiments,
the composition upregulates expression or function of HNF4a and SREBP1. In some
embodiments, the composition upregulates expression or function of HNF4a, PROX1, and
SREBP1.

Disclosed herein is a composition comprising a vector, wherein the vector comprises a
nucleic acid that encodes one or more transcription factors selected from the group consisting of
PROXI1, NR5A2, NROB2, MTF1, SREBP1, EP300, and/or POM121C, and functional fragments
thereof. In some embodiments, the vector comprises a nucleic acid that encodes PROX1 or a
functional fragment thereof. In other embodiments, the vector comprises a nucleic acid that
encodes NRSA?2 or a functional fragment thereof. In other embodiments, the vector comprises a
nucleic acid that encodes NROB2 or a functional fragment thereof. In other embodiments, the
vector comprises a nucleic acid that encodes MTF1 or a functional fragment thereof. In other
embodiments, the vector comprises a nucleic acid that encodes SREBP1 or a functional
fragment thereof. In other embodiments, the vector comprises a nucleic acid that encodes
EP300 or a functional fragment thereof. In other embodiments, the vector comprises a nucleic
acid that encodes POM121C or a functional fragment thereof. In some embodiments, the vector
further comprises a nucleic acid that encodes HNF4a. In some embodiments, the vector
comprises a nucleic acid that encodes PROX1 and SREBP1. In some embodiments, the vector
comprises a nucleic acid that encodes HNF4a, PROX1, and SREBP1. In some embodiments, the
vector comprises a nucleic acid that encodes HNF4a and PROX1. In some embodiments, the
vector comprises a nucleic acid that encodes HNF4a and SREBP1.

Besides the liver, HNF4a is also highly expressed in the kidney, small intestine, colon,
and pancreas, where it also plays important roles. Polymorphic mutations of the HNF4q gene are
associated with a wide spectrum of diseases, including maturity-onset diabetes of the young
(MODY), Crohn’s disease, and inflammatory bowel syndrome. Transcription from P1 or P2
promoters combined with alternative splicing can generate 12 different transcripts. Relative
isoform expression is tissue dependent. The 12 isoforms differ only at N and C termini, which
are responsible for activating and repressing transcription, respectively (see Ko et al., Cell Rep.
2019 Mar 5;26(10):2549-2557.e3, incorporated by reference herein in its entirety). It is
increasingly recognized that each isoform performs a distinct function to regulate a specific
subset of genes in a tissue-dependent manner. For example, HNF4a isoform 2 is reportedly

enriched in liver and acts as a tumor suppressor whose loss is associated with hepatocarcinoma
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or liver failure as described in this application, whereas HNF4 o isoform 8 is highly expressed in
colon and controls the expression of growth-promoting genes.

Accordingly, in some embodiments, the vector disclosed herein further comprises a
nucleic acid encoding an HNF4a isoform 2 polypeptide. In some embodiments, the HNF4a
isoform 2 polypeptide comprises a sequence at least about 80%, about 85%, about 90%, about
95%, or about 98% identical to SEQ ID NO: 1 or a fragment thereof. In some embodiments, the
nucleic acid at least about 80%, about 85%, about 90%, about 95%, or about 98% identical to
SEQ ID NO: 31 or a fragment thereof. In some aspects, the HNF4a isoform 2 polypeptide is
promoter 1 (P1) driven, or in other words, its expression is driven by a P1 promoter of HNF4a.
This is designated herein as HNF4a isoform 2 (P1). Accordingly, in some embodiments, the
HNF4a isoform 2 polynucleotide or nucleic acid is operably linked to a P1 promoter.

A vector can be a nucleic acid sequence comprising a regulatory nucleic acid sequence
that controls the replication of an expressible gene. In some embodiments, a vector comprising a
promoter operably linked to a second nucleic acid (e.g., polynucleotide encoding a transcription
factor) may include a promoter that is heterologous to the second nucleic acid (e.g., polynucleotide
encoding a transcription factor) as the result of human manipulation (e.g., by methods described
in Sambrook et al., Molecular Cloning—A Laboratory Manual, Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y., (1989) or Current Protocols in Molecular Biology Volumes 1-3, John
Wiley & Sons, Inc. (1994-1998)). It should be understood herein that the vector of any aspects
described herein can further comprise a promoter, an enhancer, an antibiotic resistance gene,
and/or an origin, which can be operably linked to one or more of the above noted transcription
factors.

In some embodiments, the vector can be a viral vector. "Viral vector" as disclosed herein
means, in respect to a vehicle, any virus, virus-like particle, virion, viral particle, or pseudotyped
virus that comprises a nucleic acid sequence that directs packaging of a nucleic acid sequence in
the virus, virus-like particle, virion, viral particle, or pseudotyped virus. In some embodiments,
the virus, virus-like particle, virion, viral particle, or pseudotyped virus is capable of transferring
a vector (such as a nucleic acid vector) into and/or between host cells. In some embodiments, the
virus, virus-like particle, virion, viral particle, or pseudotyped virus is capable of transferring a
vector (such as a nucleic acid vector) into and/or between target cells, such as a hepatocyte in the
liver of a subject. Importantly, in some embodiments, the virus, virus-like particle, virion, viral
particle, or pseudotyped virus is capable of transporting into a nucleus of a target cell (e.g., a
hepatocyte). The term “viral vector” is also meant to refer to those forms described more fully in

U.S. Patent Application Publication U.S. 2018/0057839, which is incorporated herein by
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reference for all purposes. Suitable viral vectors include, e.g., adenoviruses, adeno-associated
virus (AAV), vaccinia viruses, herpesviruses, baculoviruses and retroviruses, parvoviruses, and
lentiviruses. In some embodiments, the viral vector is a lentiviral vector or an adeno-associated
viral vector.

The construction of replication-defective adenoviruses has been described (Berkner et
al., J. Virology 61:1213-1220 (1987); Massie et al., Mol. Cell. Biol. 6:2872-2883 (1986); Haj-
Ahmad et al., J. Virology 57:267-274 (1986); Davidson et al., J. Virology 61:1226-1239
(1987); Zhang "Generation and identification of recombinant adenovirus by liposome-mediated
transfection and PCR analysis" BioTechniques 15:868-872 (1993)). The benefit of the use of
these viruses as vectors is that they are limited in the extent to which they can spread to other
cell types, since they can replicate within an initial infected cell, but are unable to form new
infectious viral particles. Recombinant adenoviruses have been shown to achieve high
efficiency gene transfer after direct, in vivo delivery to airway epithelium, hepatocytes, vascular
endothelium, CNS parenchyma and a number of other tissue sites (Morsy, J. Clin. Invest.
92:1580-1586 (1993); Kirshenbaum, J. Clin. Invest. 92:381-387 (1993); Roessler, J. Clin.
Invest. 92:1085-1092 (1993); Moullier, Nature Genetics 4:154-159 (1993); La Salle, Science
259:988-990 (1993); Gomez-Foix, J. Biol. Chem. 267:25129-25134 (1992); Rich, Human
Gene Therapy 4:461-476 (1993); Zabner, Nature Genetics 6:75-83 (1994); Guzman,
Circulation Research 73:1201-1207 (1993); Bout, Human Gene Therapy 5:3-10 (1994); Zabner,
Cell 75:207-216 (1993); Caillaud, Eur.J. Neuroscience 5:1287-1291 (1993); and Ragot, J.
Gen. Virology 74:501-507 (1993)). Recombinant adenoviruses achieve gene transduction by
binding to specific cell surface receptors, after which the virus is internalized by receptor-
mediated endocytosis, in the same manner as wild type or replication-defective adenovirus
(Chardonnet and Dales, Virology 40:462-477 (1970); Brown and Burlingham, J. Virology
12:386-396 (1973); Svensson and Persson, J. Virology 55:442-449 (1985); Seth, et al., J. Virol.
51:650-655 (1984); Seth, et al., Mol. Cell. Biol. 4:1528-1533 (1984); Varga et al., J. Virology
65:6061-6070 (1991); Wickham et al., Cell 73:309-319 (1993)).

Another type of viral vector is based on an adeno-associated virus (AAV). This
defective parvovirus can infect many cell types and is nonpathogenic to humans. AAV type
vectors can transport about 4 to 5 kb and wild type AAV is known to stably insert into
chromosome 19. The AAV inverted terminal repeats (ITRs), or modifications thereof, confer
infectivity and site-specific integration, but not cytotoxicity, and the promoter directs cell-
specific expression. United States Patent No. 6,261,834 is herein incorporated by reference for

material related to the AAV vector. The methods of using AAV vectors for transducing liver
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cells in vivo are known in the art. See U.S. Patent No. 9,981,048, incorporated by reference
herein in its entirety.

Viral vectors, especially adenoviral vectors can be complexed with a cationic amphiphile,
such as a cationic lipid, polyL-lysine (PLL), and diethylaminoethyldextran (DELAE-dextran),
which provide increased efficiency of viral infection of target cells (See, e.g., PCT/US97/21496
filed Nov. 20, 1997, incorporated herein by reference). AAV vectors, such as those disclosed in
Zhong et al., J. Genet Syndr Gene Therapy 2012 Jan. 10; S1. pii: 008, U.S. Pat. Nos. 5,139,941,
5,252,479 and 5,753,500 and PCT publication WO 97/09441, the disclosures of which are
incorporated herein, are also useful since these vectors integrate into host chromosomes, with a
minimal need for repeat administration of vector. For a review of viral vectors in gene therapy,
sec McConnell et al., 2004, Hum Gene Ther. 15(11):1022-33; Mccarty et al., 2004, Annu Rev
Genet. 38:819-45; Mah et al., 2002, Clin. Pharmacokinet. 41(12):901-11; Scott et al., 2002,
Neuromuscul. Disord. 12(Suppl 1):523-9.

In some embodiments, the vector is a nanoparticle. The nanoparticle used herein can be
any nanoparticle useful for the delivery of nucleic acids. The term “nanoparticle” as used herein
refers to a particle or structure which is biocompatible with and sufficiently resistant to chemical
and/or physical destruction by the environment of such use so that a sufficient number of the
nanoparticles remain substantially intact after delivery to the site of application or treatment and
whose size is in the nanometer range. In some embodiments, the nanoparticle comprises a lipid-
like nanoparticle. See, for example, WO WO/2016/187531A1, WO/2017/176974,
WO/2019/027999, or Li, B et al., An Orthogonal array optimization of lipid-like nanoparticles for
mRNA delivery in vivo. Nano Lett. 2015, 15, 8099-8107; which are incorporated herein by
reference. In some embodiments, the nanoparticle can comprise a lipid bilayer or liposome. In
some embodiments, the vector is an mRNA lipid nanoparticle.

In some embodiments, the disclosed nanoparticles may be able to efficiently bind to or
otherwise associate with a biological entity, for example, a particular membrane component or
cell surface receptor on a target cell (e.g., a receptor that facilitates delivery into a liver cell or a
receptor on a liver cell). For example, the disclosed nanoparticles may be engineered to include a
ligand that binds to a receptor expressed on a normal or a diseased liver cell (e.g., a hepatic
asialoglycoprotein receptor (ASGPR) or low density lipoprotein (LDLR) receptor).

In some aspects, the nanoparticle disclosed herein can comprise a supplemental component
that facilitates delivery of the nucleic acid into a liver cell. The nanoparticle can comprise a
cationic lipid, a helper lipid, cholesterol, and polyethylene glycol (PEG). In some embodiments,
the nanoparticle comprises 5A2-SC8, 1,2-dioleoyl-snglycero-3-phosphoethanolamine (DOPE),
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cholesterol, and/or 1,2-dimyristoyl-rac-glycerol-methoxy(poly(ethylene glycol)), or any
combination thereof. In some embodiments, the nanoparticle further comprises SA2-SC8, 1,2-
dioleoyl-snglycero-3-phosphoethanolamine (DOPE), cholesterol, and 1,2-dimyristoyl-rac-
glycerol-methoxy(poly(ethylene glycol)). In some embodiments, the nanoparticle further
comprises 1,2-dioleoyl-3-trimethylammonium-propane (DOTAP). In some embodiments, the
molar ratio of 5A2-SC8, 1,2-dioleoyl-snglycero-3-phosphoethanolamine (DOPE), cholesterol,
and 1,2-dimyristoyl-rac-glycerol-methoxy(poly(ethylene glycol)) of the nanoparticle is about
15/15/30/3.

In some embodiments, the nanoparticle comprises DLin-MC3-DMA, 1,2-distearoyl-sn-
glycero-3-phosphocholine (DSPO), cholesterol, and 1,2-dimyristoyl-rac-glycerol-
methoxy(poly(ethylene glycol)). In some embodiments, the molar ratio of DLin-MC3-DMA, 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC), cholesterol, and 1,2-dimyristoyl-rac-glycerol-
methoxy(poly(ethylene glycol)) is about 50/10/38.5/1.5.

In some embodiments, the nanoparticle comprises C12-200, 1,2-dioleoyl-snglycero-3-
phosphoethanolamine (DOPE), cholesterol, and 1,2-dimyristoyl-rac-glycerol-
methoxy(poly(ethylene glycol)). In some embodiments, the molar ratio of C12-200, 1,2-dioleoyl-
snglycero-3-phosphoethanolamine (DOPE), cholesterol, and 1,2-dimyristoyl-rac-glycerol-
methoxy(poly(ethylene glycol)) is about 35/16/46.5/2.5.

In some embodiments, the nanoparticle disclosed herein comprises SA2-SCS8, 1,2-
dioleoyl-snglycero-3-phosphoethanolamine (DOPE), cholesterol, 1,2-dimyristoyl-rac-glycerol-
methoxy(poly(ethylene glycol)), and 1,2-dioleoyl-3-trimethylammonium-propane (DOTAP). The
nanoparticle may comprise about 0.1% to about 30% mol/mol of DOTAP. For example, the
amount of DOTAP present in the nanoparticle can be about 0.1%, about 0.2%, about 0.3%, about
0.4%, about 0.5%, about 0.6% mol/mol, about 0.7% mol/mol, about 0.8% mol/mol, about 0.9%
mol/mol, about 1% mol/mol, about 2% mol/mol, about 2.5% mol/mol, about 3% mol/mol, about
3.5% mol/mol, about 4% mol/mol, about 4.5% mol/mol, about 5% mol/mol, about 5.5% mol/mol,
about 6% mol/mol, about 6.5% mol/mol, about 7% mol/mol, about 7.5% mol/mol, about 8%
mol/mol, about 8.5% mol/mol, about 9% mol/mol, about 9.5% mol/mol, about 10% mol/mol,
about 10.5% mol/mol, about 11% mol/mol, about 11.5% mol/mol, about 12% mol/mol, about
12.5% mol/mol, about 13% mol/mol, about 13.5% mol/mol, about 14% mol/mol, about 15%
mol/mol, about 16% mol/mol, about 17% mol/mol, about 18% mol/mol, about 19% mol/mol,
about 20% mol/mol, about 22% mol/mol, about 24% mol/mol, about 26% mol/mol, about 28%
mol/mol, about 30% mol/mol of its nanoparticle. In some embodiments, the amount of DOTAP

present in the nanoparticle is about 20% mol/mol of its nanoparticle.
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In some embodiments, the nanoparticles and methods for liver-specific delivery disclosed
herein are the ones described in the art, e.g., in Cheng et al., Nat Nanotechnol. 2020
Apr;15(4):313-320. Epub 2020 Apr 6; Trepotec et al., Mol Ther. 2019 Apr 10;27(4):794-802.
Epub 2018 Dec 22; Truong, et al., Proc Natl Acad Sci USA. 2019 Oct 15;116(42):21150-211569.
Epub 2019 Sep 9; which are incorporated herein by reference in their entireties.

In further embodiments, the vector disclosed herein comprises poly(amido-amine), poly-
beta amino-esters (PBAEs), and/or polyethylenimine (PEI). In some embodiments, the vector
comprises polyacridine PEG. In some embodiments, the vector disclosed herein comprises an
outer PEG shell and a nanoparticle-based core.

Lipid-based nanoparticles successfully deliver therapeutic payloads to the liver. See, e.g.,
Witzigmann et al., Adv Drug Deliv Rev. 2020 Jul, doi: 10.1016/j.addr.2020.06.026. Liposomes
can be made from several different types of lipids; however, phospholipids are most commonly
used to generate lipid-based nanoparticles as drug carriers. Lipid particles for use in this invention
may be prepared to include liposome-forming lipids and phospholipids, and membrane active
sterols (e.g. cholesterol). Liposomes may include other lipids and phospholipids which are not
liposome forming lipids.

Phospholipids may be selected, for example, from a lecithin (such as egg or soybean
lecithin); a phosphatidylcholine (such as egg phosphatidylcholine); a hydrogenated
phosphotidylcholine; a lysophosphatidyl choline; dipalmitoylphosphatidylcholine; distearoyl
phosphatidylcholine; dimyristoyl phosphatidylcholine; dilauroylphosphatidylcholine; a
glycerophospholipid (such as phosphatidylglycerol, phosphatidylserine,
phosphatidylethanolamine, lysophosphatidylethanolamine, phosphatidylinositol,
phosphatidylinositol phosphate, phosphatidylinositol bisphosphate and phosphatidylinositol
triphosphate); sphingomyelin; cardiolipin; a phosphatidic acid; a plasmalogen; or a mixture
thereof. Each possibility represents a separate embodiment of the invention. Examples of other
lipids that can be used include a glycolipid (such as a glyceroglycolipid, e.g. a galactolipid and a
sulfolipid, a glycosphingolipid, e.g., a cerebroside, a glucocerebroside and a galactocerebroside,
and a glycosylphosphatidylinositol); a phosphosphingolipid (such as a ceramide
phosphorylcholine, a ceramide phosphorylethanolamine and a ceramide phosphorylglycerol); or
a mixture thereof. Each possibility represents a separate embodiment of the invention. Negatively
or positively charged lipid nanopatrticles can be obtained, for example, by using anionic or cationic
phospholipids or lipids. Such anionic/cationic phospholipids or lipids typically have a lipophilic
moiety, such as a sterol, an acyl or diacyl chain, and where the lipid has an overall net

negative/positive charge.

22



20

25

30

WO 2021/076566 PCT/US2020/055500

In some embodiments, the nanoparticles disclosed herein include one, two, three or more
biocompatible and/or biodegradable polymers. For example, a contemplated nanoparticle may
include about 10 to about 99 weight percent of a one or more block co-polymers that include a
biodegradable polymer and polyethylene glycol, and about 0 to about 50 weight percent of a
biodegradable homopolymer. Polymers can include, for example, both biostable and
biodegradable polymers, such as microcrystalline cellulose, hydroxypropyl cellulose,
hydroxypropyl methylcellulose, polyalkylene oxides such as polyethylene oxide (PEG),
polyanhydrides, poly(ester anhydrides), polyhydroxy acids such as polylactide (PLA),
polyglycolide (PGA), poly(lactide-co-glycolide) (PLGA), poly-3-hydroxybutyrate (PHB) and
copolymers thereof, poly-4-hydroxybutyrate (PAHB) and copolymers thereof, polycaprolactone
and copolymers thercof, and combinations thereof.

In some embodiments, the nanoparticle has a diameter from about 1 nm to about 1000 nm.
In some embodiments, the nanoparticle has a diameter less than, for example, about 1000 nm,
about 950 nm, about 900 nm, about 850 nm, about 800 nm, about 750 nm, about 700 nm, about
650 nm, about 600 nm, about 550 nm, about 500 nm, about 450 nm, about 400 nm, about 350 nm,
about 300 nm, about 290 nm, about 280 nm, about 270 nm, about 260 nm , about 250 nm, about
240 nm, about 230 nm, about 220 nm, about 210 nm, about 200 nm, about 190 nm, about 180 nm,
about 170 nm, about 160 nm, about 150 nm, about 140 nm, about 130 nm, about 120 nm, about
110 nm, about 100 nm, about 90 nm, about 80 nm, about 70 nm, about 60 nm, about 50 nm, about
40 nm, about 30 nm, about 20 nm, or about 10 nm. In some embodiments, the nanoparticle has a
diameter, for example, from about 20 nm to about 1000 nm, from about 20 nm to about 800 nm,
from about 20 nm to about 700 nm, from about 30 nm to about 600 nm, from about 30 nm to about
500 nm, from about 40 nm to about 400 nm, from about 40 nm to about 300 nm, from about 40
nm to about 250 nm, from about 50 nm to about 250 nm, from about 50 nm to about 200 nm, from
about 50 nm to about 150 nm, from about 60 nm to about 150 nm, from about 70 nm to about 150
nm, from about 80 nm to about 150 nm, from about 90 nm to about 150 nm, from about 100 nm
to about 150 nm, from about 110 nm to about 150 nm, from about 120 nm to about 150 nm, from
about 90 nm to about 140 nm, from about 90 nm to about 130 nm, from about 90 nm to about 120
nm, from 100 nm to about 140 nm, from about 100 nm to about 130 nm, from about 100 nm to
about 120 nm, from about 100 nm to about 110 nm, from about 110 nm to about 120 nm, from
about 110 nm to about 130 nm, from about 110 nm to about 140 nm, from about 90 nm to about
200 nm, from about 100 nm to about 195 nm, from about 110 nm to about 190 nm, from about
120 nm to about 185 nm, from about 130 nm to about 180 nm, from about 140 nm to about 175

nm, from 150 nm to 175nm, or from about 150 nm to about 170 nm. In some embodiments, the
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nanoparticle has a diameter from about 100 nm to about 250 nm. In some embodiments, the
nanoparticle has a diameter from about 150 nm to about 175 nm. In some embodiments, the
nanoparticle has a diameter from about 135 nm to about 175 nm. The particles can have any shape
but are generally spherical in shape.

In some embodiments, the vector used herein is an exosome. The terms “microvesicle”
and “exosomes,” as used herein, refer to a membranous particle having a diameter (or largest
dimension where the particles is not spheroid) of between about 10 nm to about 5000 nm, more
typically between 30 nm and 1000 nm, and most typically between about 50 nm and 750 nm,
wherein at least part of the membrane of the exosomes is directly obtained from a cell. Most
commonly, exosomes will have a size (average diameter) that is up to 5% of the size of the donor
cell. Therefore, especially contemplated exosomes include those that are shed from a cell.
Methods for making exosomes are known in the art. See, e.g., U.S. Publication No. 2018/0177727,
incorporated by reference herein in its entirety. The exosomes and uses thereof for delivering
polynucleotides and polypeptides are known in the art. See U.S. Patent No. 10,577,630,
incorporated by reference herein in its entirety.

Also included herein are compositions that increase expression or function of one or
more transcription factors selected from the group consisting of PROX1, NR5A2, NROB2,
MTF1, SREBP1, EP300, and POM121C via RNA activation (RNAa). Accordingly, in some
embodiments, the composition comprises short hairpin RNA (shRNA) that activates one or more
of PROX1, NR5A2, NROB2, MTF1, SREBP1, EP300, and POM121C.

“HNF40” refers herein to a polypeptide that, in humans, is encoded by the HNF4A gene.
In some embodiments, the HNF4a polypeptide is that identified in one or more publicly
available databases as follows: HGNC: 5024, Entrez Gene: 3172, Ensembl: ENSG00000101076,
OMIM: 600281, UniProtKB: P41235. In some embodiments, the HNF4a polypeptide
comprises the sequence of SEQ ID NO: 1 (HNF4a isoform 2), or a polypeptide sequence having
at or greater than about 80%, about 85%, about 90%, about 95%, or about 98% homology with
SEQ ID NO: 1, or a polypeptide comprising a portion of SEQ ID NO: 1. The HNF4a
polypeptide of SEQ ID NO:1 may represent an immature or pre-processed form of mature
HNF4a, and accordingly, included herein are mature or processed portions of the HNF4a
polypeptide in SEQ ID NO: 1. In some embodiments, the HNF4a polypeptide is that described
in U.S. Patent Application Publication US 2014/0249209, which is incorporated herein by
reference for all purposes. In some embodiments, the HNF4a polynucleotide comprises the
sequence of SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, or SEQ ID NO: 34, or a

polynucleotide sequence having at or greater than about 80%, about 85%, about 90%, about
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95%, or about 98% homology with SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, or SEQ
ID NO: 34, or a polynucleotide comprising a portion of SEQ ID NO: 31, SEQ ID NO: 32, SEQ
ID NO: 33, or SEQ ID NO: 34.

PROX1 (Prospero-related homeobox 1) is usually first expressed at embryonic day 8.5

(E8.5) in the endodermal cells of mice during liver organogenesis. In adult liver, PROX1’s role
can be controlling the energy metabolism of hepatocytes. More importantly, it has been reported
that Prox1 may function as an activator of gene transcription by direct binding of its
homeodomain to specific DNA elements. “PROX1” refers herein to a polypeptide that, in
humans, is encoded by the PROX/ gene. In some embodiments, the PROXT1 polypeptide is that
identified in one or more publicly available databases as follows: HGNC: 9459, Entrez Gene:
5629, Ensembl: ENSG00000117707, OMIM: 601546, UniProtKB: Q92786. In some
embodiments, the PROX1 polypeptide comprises the sequence of SEQ ID NO: 2, or a
polypeptide sequence having at or greater than about 80%, about 85%, about 90%, about 95%,
or about 98% homology with SEQ ID NO: 2, or a polypeptide comprising a portion of SEQ ID
NO: 2. The PROX1 polypeptide of SEQ ID NO: 2 may represent an immature or pre-processed
form of mature PROX1, and accordingly, included herein are mature or processed portions of
the PROX1 polypeptide in SEQ ID NO: 2. In some embodiments, the PROX1 polynucleotide
comprises the sequence of SEQ ID NO: 13, or a polynucleotide sequence having at or greater
than about 80%, about 85%, about 90%, about 95%, or about 98% homology with SEQ ID NO:
13, or a polynucleotide comprising a portion of SEQ ID NO: 13.

NRS5A2 (Nuclear receptor SA2; Liver receptor homologue-1; LRH-1) is a nuclear
receptor that binds as a monomer to a specific response element within the promoter and
regulatory regions of its target genes. NRSA2 can also positively regulate genes encoding bile
acid production enzymes, fatty acid metabolism and mitochondria function. “NRS5A2” refers
herein to a polypeptide that, in humans, is encoded by the NR5A2 gene. In some embodiments,
the NR5A?2 polypeptide is that identified in one or more publicly available databases as follows:
HGNC: 7984, Entrez Gene: 2494, Ensembl: ENSG00000116833, OMIM: 604453, UniProtKB:
000482. In some embodiments, the NR5A2 polypeptide comprises the sequence of SEQ ID
NO: 3, or a polypeptide sequence having at or greater than about 80%, about 85%, about 90%,
about 95%, or about 98% homology with SEQ ID NO: 3, or a polypeptide comprising a portion
of SEQ ID NO: 3. The NR5A2 polypeptide of SEQ ID NO: 3 may represent an immature or pre-
processed form of mature NRSA2, and accordingly, included herein are mature or processed
portions of the NRSA2 polypeptide in SEQ ID NO: 3. In some embodiments, the NR5SA2

polynucleotide comprises the sequence of SEQ ID NO: 14, SEQ ID NO: 15, or SEQ ID NO: 16,
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or a polynucleotide sequence having at or greater than about 80%, about 85%, about 90%, about
95%, or about 98% homology with SEQ ID NO: 14, SEQ ID NO: 15, or SEQ ID NO: 16, or a
polynucleotide comprising a portion of SEQ ID NO: 14, SEQ ID NO: 15, or SEQ ID NO: 16.

NROB2 (Nuclear receptor small heterodimer partner; SHP) is usually highly expressed in
normal hepatocytes and acts as an important transcriptional regulator for bile acid, glucose, and
lipid metabolism. SUMOylation of NROB2 can be required for nuclear transport and the gene
repression function of SHP in feedback inhibition of Bile Acids biosynthesis that is critical for
maintaining Bile Acids homoeostasis and protecting against liver toxicity. (Kim DH et al.,
2016). “NROB2” refers herein to a polypeptide that, in humans, is encoded by the NROBZ2 gene.
In some embodiments, the NROB2 polypeptide is that identified in one or more publicly
available databases as follows: HGNC: 7961, Entrez Gene: 8431, Ensembl: ENSG00000131910,
OMIM: 604630, UniProtKB: Q15466. In some embodiments, the NROB2 polypeptide
comprises the sequence of SEQ ID NO: 4, or a polypeptide sequence having at or greater than
about 80%, about 85%, about 90%, about 95%, or about 98% homology with SEQ ID NO: 4, or
a polypeptide comprising a portion of SEQ ID NO: 4. The NROB2 polypeptide of SEQ ID NO:
4 may represent an immature or pre-processed form of mature NROB2, and accordingly,
included herein are mature or processed portions of the NROB2 polypeptide in SEQ ID NO: 4.
In some embodiments, the NROB2 polynucleotide comprises the sequence of SEQ ID NO: 17,
or a polynucleotide sequence having at or greater than about 80%, about 85%, about 90%, about
95%, or about 98% homology with SEQ ID NO: 17, or a polynucleotide comprising a portion of
SEQ ID NO: 17.

MTF1 (Metal-responsive transcription factor 1) can mediate both basal and heavy metal-
induced transcription of metallothionein genes and also can regulate other genes involved in the
cell stress response and in metal homeostasis. MTF1 can also be involved in the transcriptional
regulation of other metal-responsive genes, such as zinc transporter 1. MTF1 can regulates
levels of zinc in hepatocytes“MTF1” refers herein to a polypeptide that is a self-ligand receptor
of the signaling lymphocytic activation molecule family, and in humans, is encoded by the
MTF] gene. In some embodiments, the MTF1 polypeptide is that identified in one or more
publicly available databases as follows: HGNC: 7428, Entrez Gene: 4520, Ensembl:
ENSG00000188786, OMIM: 600172, UniProtKB: Q14872. In some embodiments, the MTF1
polypeptide comprises the sequence of SEQ ID NO: 5, or a polypeptide sequence having at or
greater than about 80%, about 85%, about 90%, about 95%, or about 98% homology with SEQ
ID NO: 5, or a polypeptide comprising a portion of SEQ ID NO: 5. The MTF1 polypeptide of

SEQ ID NO: 5 may represent an immature or pre-processed form of mature MTF1, and
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accordingly, included herein are mature or processed portions of the MTF1 polypeptide in SEQ
ID NO: 5. In some embodiments, the MTF1 polynucleotide comprises the sequence of SEQ ID
NO: 18, or a polynucleotide sequence having at or greater than about 80%, about 85%, about
90%, about 95%, or about 98% homology with SEQ ID NO: 18, or a polynucleotide comprising
a portion of SEQ ID NO: 18.

SREBP1 (Sterol regulator element binding proteins 1) is a transcription factor involved
in the biogenesis of cholesterol, fatty acids and triglycerides. SREBP1 can control the expression
and activity of the AK'T/PI3K signaling pathway and vice-versa. (Shi Q et al., 2016; Porstmann
T et al., 2008). “SREBF1” refers herein to a polypeptide that is a self-ligand receptor of the
signaling lymphocytic activation molecule family, and in humans, is encoded by the SREBF'1
gene. In some embodiments, the SREBF1 polypeptide is that identified in one or more publicly
available databases as follows: HGNC: 11289, Entrez Gene: 6720, Ensembl:
ENSGO00000072310, OMIM: 184756, UniProtKB: P36956. In some embodiments, the SREBF1
polypeptide comprises the sequence of SEQ ID NO: 6, or a polypeptide sequence having at or
greater than about 80%, about 85%, about 90%, about 95%, or about 98% homology with SEQ
ID NO: 6, or a polypeptide comprising a portion of SEQ ID NO: 6. The MTF1 polypeptide of
SEQ ID NO: 6 may represent an immature or pre-processed form of mature SREBF]1, and
accordingly, included herein are mature or processed portions of the SREBF1 polypeptide in
SEQ ID NO: 6. In some embodiments, the SREBP1 polynucleotide comprises the sequence of
SEQ ID NO: 19, SEQ ID NO: 20, or SEQ ID NO: 21, or a polynucleotide sequence having at or
greater than about 80%, about 85%, about 90%, about 95%, or about 98% homology with SEQ
ID NO: 19, SEQ ID NO: 20, or SEQ ID NO: 21, or a polynucleotide comprising a portion of
SEQ ID NO: 19, SEQ ID NO: 20, or SEQ ID NO: 21.

EP300 (The histone acetyltransferase p300) EP300 can form complexes with C/EBP
proteins and activate promoters of genes involved in triglyceride synthesis during the
development of hepatic steatosis, glucose metabolism, and the regulation of several transcription
factors, such as Foxol and farnesoid X receptor (FXR), which are highly expressed in the liver.
“EP300” refers herein to a polypeptide that is a self-ligand receptor of the signaling lymphocytic
activation molecule family, and in humans, is encoded by the EP300 gene. In some
embodiments, the EP300 polypeptide is that identified in one or more publicly available
databases as follows: HGNC: 3373, Entrez Gene: 2033, Ensembl: ENSG00000100393, OMIM:
602700, UniProtKB: Q09472. In some embodiments, the EP300 polypeptide comprises the
sequence of SEQ ID NO: 7, or a polypeptide sequence having at or greater than about 80%,
about 85%, about 90%, about 95%, or about 98% homology with SEQ ID NO: 7, or a
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polypeptide comprising a portion of SEQ ID NO: 7. The EP300 polypeptide of SEQ ID NO: 7
may represent an immature or pre-processed form of mature EP300, and accordingly, included
herein are mature or processed portions of the EP300 polypeptide in SEQ ID NO: 7. In some
embodiments, the EP300 polynucleotide comprises the sequence of SEQ ID NO: 22 or SEQ ID
NO: 23, or a polynucleotide sequence having at or greater than about 80%, about 85%, about
90%, about 95%, or about 98% homology with SEQ ID NO: 22 or SEQ ID NO: 23, or a
polynucleotide comprising a portion of SEQ ID NO: 22 or SEQ ID NO: 23.

POM121C (Nuclear envelope pore membrane protein POM 121) is a membrane protein
that is a member of a group of proteins referred to as pore membrane proteins that are believed
to participate in nuclear pore biogenesis. “POM121C” refers herein to a polypeptide that is a
self-ligand receptor of the signaling lymphocytic activation molecule family, and in humans, is
encoded by the POMI2]C gene. In some embodiments, the POM121C polypeptide is that
identified in one or more publicly available databases as follows: HGNC: 34005, Entrez Gene:
100101267, Ensembl: ENSG00000272391, OMIM: 615754, UniProtKB: A8CG34. In some
embodiments, the POM121C polypeptide comprises the sequence of SEQ ID NO:8, or a
polypeptide sequence having at or greater than about 80%, about 85%, about 90%, about 95%,
or about 98% homology with SEQ ID NO: 8, or a polypeptide comprising a portion of SEQ ID
NO: 8. The POM121C polypeptide of SEQ ID NO: 8§ may represent an immature or pre-
processed form of mature POM121C, and accordingly, included herein are mature or processed
portions of the POM121C polypeptide in SEQ ID NO: 8. In some embodiments, the POM121C
polynucleotide comprises the sequence of SEQ ID NO: 24, or a polynucleotide sequence having
at or greater than about 80%, about 85%, about 90%, about 95%, or about 98% homology with
SEQ ID NO: 24, or a polynucleotide comprising a portion of SEQ ID NO: 24.

Also disclosed herein is a composition that decreases an amount or suppresses a function
of one or more transcription factors selected from the group consisting of DNAJB1/HSP40,
ATF6, ATF4, and PERK. Accordingly, included herein are compositions that comprise small
activating RNA (saRNA) such as small interfering RNA (siRNA) and microRNA (miRNA), or
CRISPR RNA such as crisgRNA or tracr/mate RNAs, that correlate with and/or act on
DNAIJB1/HSP40, ATF6, ATF4, and PERK polynucleotides. The methods of using saRNA to
decrease or suppresses a function of a protein is known in the art. See, e.g., International
Publication. No: W02019/048632, incorporated by reference herein in its entirety. Accordingly,
included herein are methods of increasing expression of HNF4a using saRNA to decreases an
amount or suppresses a function of one or more transcription factors selected from the group

consisting of DNAJB1/HSP40, ATF6, ATF4, and PERK. In some embodiments, the
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composition comprises a nucleic acid that decreases an amount or suppresses function of
DNAIJB1/HSP40. In some embodiments, the composition comprises a nucleic acid that
decreases an amount or suppresses function of ATF6. In some embodiments, the composition
comprises a nucleic acid that decreases an amount or suppresses function of ATF4. In some
embodiments, the composition comprises a nucleic acid that decreases an amount or suppresses
function of PERK. In some embodiments, the composition further comprises a nucleic acid that
encodes HNF4aq.

DNAIJB1/HSP40 (Heat shock protein 40) is a molecular chaperone protein that can play
an essential role in gene expression and translational initiation, folding and unfolding as well as
translocation and degradation of proteins. The activity of DNAJs/HSP40s is regulated by several
post-translational modifications. In many cases, DNAJs/HSP40s are phosphoproteins (e.g.
DnaJA1, DnalB4, DnaJC1, DnaJC29) whose expressions and functions can be further
modulated co- and post-translationally by acetylation (e.g. DnaJAl, DnalB2, DnalB12, DnalC5,
DnaJC8, DnaJC13), glycosylation (DnaJB11, DnaJC10, DnaJC16), palmitoylation (DnalCS5,
DnaJC5B, DnaJC5@G), methylation (DnaJA1-4), prenylation (DnaJA1, DnaJA2, DnaJA4), and
formation of intramolecular disulfide bonds (DnaJB11, DnaJC3, DnaJC10), respectively.
“DNAIJB1/HSP40” refers herein to a polypeptide that is a self-ligand receptor of the signaling
lymphocytic activation molecule family, and in humans, is encoded by the DNAJB/ gene. In
some embodiments, the DNAJB1 polypeptide is that identified in one or more publicly available
databases as follows: HGNC: 5270, Entrez Gene: 3337, Ensembl: ENSG00000132002, OMIM:
604572, UniProtKB: P25685. In some embodiments, the DNAJB1 polypeptide comprises the
sequence of SEQ ID NO: 9, or a polypeptide sequence having at or greater than about 80%,
about 85%, about 90%, about 95%, or about 98% homology with SEQ ID NO: 9, or a
polypeptide comprising a portion of SEQ ID NO: 9. The DNAJB1 polypeptide of SEQ ID NO:
9 may represent an immature or pre-processed form of mature DNAIJBI, and accordingly,
included herein are mature or processed portions of the DNAJB1 polypeptide in SEQ ID NO: 9.
In some embodiments, the DNAJB1 polynucleotide comprises the sequence of SEQ ID NO: 25
or SEQ ID NO: 26, or a polynucleotide sequence having at or greater than about 80%, about
85%, about 90%, about 95%, or about 98% homology with SEQ ID NO: 25 or SEQ ID NO: 26,
or a polynucleotide comprising a portion of SEQ ID NO: 25 or SEQ ID NO: 26.

ATF6 can be a sensor of the unfolded protein response (UPR) and function to regulate
transcriptional expression. It has been shown that in some instances, upon ER stress, ATF6 is
trafficked from the ER to the Golgi, where it is proteolytically cleaved, releasing the N-terminal

ATF6 segment, a transcription factor of genes involved in the folding and trafficking of proteins.
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“ATF6” refers herein to a polypeptide that is a self-ligand receptor of the signaling lymphocytic
activation molecule family, and in humans, is encoded by the ATF6 gene. In some
embodiments, the ATF6 polypeptide is that identified in one or more publicly available
databases as follows: HGNC: 791, Entrez Gene: 22926, Ensembl: ENSG00000118217, OMIM:
605537, UniProtKB: P18850. In some embodiments, the ATF6 polypeptide comprises the
sequence of SEQ ID NO: 10, or a polypeptide sequence having at or greater than about 80%,
about 85%, about 90%, about 95%, or about 98% homology with SEQ ID NO: 10, or a
polypeptide comprising a portion of SEQ ID NO: 10. The ATFG6 polypeptide of SEQ ID NO: 10
may represent an immature or pre-processed form of mature ATF6, and accordingly, included
herein are mature or processed portions of the ATF6 polypeptide in SEQ ID NO: 10. In some
embodiments, the ATF6 polynucleotide comprises the sequence of SEQ ID NO: 27, or a
polynucleotide sequence having at or greater than about 80%, about 85%, about 90%, about
95%, or about 98% homology with SEQ ID NO: 27, or a polynucleotide comprising a portion of
SEQ ID NO: 27.

ATF4 a transcriptional activator of UPR target genes that can serve to enhance
transcriptional expression of genes involved in amino acid metabolism and resistance to
oxidative stress. (Fusakio ME et al., 2016) “ATF4” refers herein to a polypeptide that is a self-
ligand receptor of the signaling lymphocytic activation molecule family, and in humans, is
encoded by the ATF4 gene. In some embodiments, the ATF4 polypeptide is that identified in
one or more publicly available databases as follows: HGNC: 786, Entrez Gene: 468, Ensembl:
ENSGO00000128272, OMIM: 604064, UniProtKB: P18848. In some embodiments, the ATF4
polypeptide comprises the sequence of SEQ ID NO: 11, or a polypeptide sequence having at or
greater than about 80%, about 85%, about 90%, about 95%, or about 98% homology with SEQ
ID NO: 11, or a polypeptide comprising a portion of SEQ ID NO: 11. The ATF4 polypeptide of
SEQ ID NO: 11 may represent an immature or pre-processed form of mature ATF4, and
accordingly, included herein are mature or processed portions of the ATF4 polypeptide in SEQ
ID NO: 11. In some embodiments, the ATF4 polynucleotide comprises the sequence of SEQ ID
NO: 28, or a polynucleotide sequence having at or greater than about 80%, about 85%, about
90%, about 95%, or about 98% homology with SEQ ID NO: 28, or a polynucleotide comprising
a portion of SEQ ID NO: 28.

PERK (protein kinase RNA-like endoplasmic reticulum kinase) is a type 1
transmembrane protein that is typically activated through recruitment of chaperones away from
PERK leading to oligomerization and activation of the cytosolic kinase domain. A critical

protein that mediates proapoptotic signaling downstream of PERK and ATF4 is CCAAT
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enhancer-binding protein (C/EBP) homologous protein (CHOP), which is implicated in the
progression of liver disease. (Malhi H et al., 2011) “PERK?”, also known as “EIF2AK3” refers
herein to a polypeptide that is a self-ligand receptor of the signaling lymphocytic activation
molecule family, and in humans, is encoded by the EIF2AK3 gene. In some embodiments, the
PERK polypeptide is that identified in one or more publicly available databases as follows: NC:
3255, Entrez Gene: 9451, Ensembl: ENSG00000172071, OMIM: 604032, UniProtKB: Q9NZJS5.
In some embodiments, the PERK polypeptide comprises the sequence of SEQ ID NO: 12, or a
polypeptide sequence having at or greater than about 80%, about 85%, about 90%, about 95%,
or about 98% homology with SEQ ID NO: 12, or a polypeptide comprising a portion of SEQ ID
NO: 12. The PERK polypeptide of SEQ ID NO: 12 may represent an immature or pre-
processed form of mature PERK, and accordingly, included herein are mature or processed
portions of the PERK polypeptide in SEQ ID NO: 12. In some embodiments, the PERK or
EIF2AK3 polynucleotide comprises the sequence of SEQ ID NO: 29 or SEQ ID NO: 30, or a
polynucleotide sequence having at or greater than about 80%, about 85%, about 90%, about
95%, or about 98% homology with SEQ ID NO: 29 or SEQ ID NO: 30, or a polynucleotide
comprising a portion of SEQ ID NO: 29 or SEQ ID NO: 30.

The composition of any preceding aspects may further comprise a HNF4a agonist,
wherein the HNF4a agonist is meant to refer to those compositions described more fully in U.S.
Patent Application Publication US2014/0249209, incorporated herein by reference for all
purposes.

In some embodiments, the composition and/or the vector of any preceding aspects can be
formulated with a biologically acceptable carrier. In some embodiments, the biologically
acceptable carrier is capable of transferring the composition and/or the vector into and/or
between host cells. In some embodiments, the biologically acceptable carrier is capable of
transferring the composition and/or the vector into and/or between target cells, such as a
hepatocyte in the liver of a subject. Importantly, in some embodiments, the composition and/or
the vector along with the biologically acceptable carrier is capable of transporting functional

macromolecules such as DNA and RNA into a nucleus of a target cell (e.g., a hepatocyte).

Methods of Treatment

Provided herein are methods of treating a liver disease by increasing the expression
and/or transport and/or retention of HNF4a, a transcriptional factor, into a nucleus of a
hepatocyte in the subject. In some embodiments, the method comprises upregulating expression

or function of one or more transcription factors selected from the group consisting of PROX1,
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NR5SA2, NROB2, MTF1, SREBP1, EP300, and POM121C and/or downregulating expression or
function of one or more transcription factors selected from the group consisting of
DNAJB1/HSP40, ATF6, ATF4, and PERK. In some aspects, disclosed herein is a method of
treating a liver disease in a subject in need thercof comprising administering to the subject a
vector, wherein the vector comprises a nucleic acid that encodes one or more transcription
factors selected from the group consisting of PROX1, NR5A2, NROB2, MTF1, SREBPI,
EP300, and/or POM121C, and functional fragments thereof. In some aspects, disclosed herein
is a method of treating a liver disease in a subject in need thereof comprising administering to
the subject a composition that downregulates expression or function of one or more transcription
factors selected from the group consisting of DNAJB1/HSP40, ATF6, ATF4, and PERK. In
some aspects, the composition comprises a SiRNA, miRNA, sgRNA or tracr/mate RNA. In
other embodiments, the method comprises increasing acetylation of HNF4a at Lys106,
increasing expression of cMET, and/or increasing activation of AKT via phosphorylation at
Thr308.

In some embodiments, disclosed herein is a method of treating a liver disease in a subject
in need thereof comprising administering to the subject a vector, wherein the vector comprises a
nucleic acid that encodes PROX1. In some embodiments, the method of treating a liver disease
in a subject in need thereof that comprises administering to the subject a vector, wherein the
vector comprises a nucleic acid that encodes SREBP1. In some embodiments, the vector further
comprises a nucleic acid that encodes HNF4a. In some embodiments, the vector comprises one
or more nucleic acids that encode HNF4a, PROX1, and SREBP1. In some embodiments, the
method further comprises administering a vector that comprises a nucleic acid that encodes
HNF4a.

As noted above, PROX1, NR5A2, NROB2, MTF1, SREBPI1, EP300, and POM121C are
all transcription factors and/or regulators that regulate HNF4a nuclear transportation through
direct or indirect mechanisms, including, for example, acetylation of HNF4a, cell metabolism
pathways, or the formation of nuclear pore complex. Such effects on HNF4a can restore liver
cell function in patients having liver diseases.

Accordingly, in some embodiments, the administration of the vector or vectors increases
an amount of HNF4a in a nucleus of a hepatocyte in the subject. In some embodiments, the
administration of the vector(s) does not increase a total amount of HNF4a in the hepatocyte. In
some embodiments, the administration of the vector(s) increases a total amount of HNF4a in the
hepatocyte. In some embodiments, the vector of any preceding aspects further comprises a

nucleic acid that encodes HNF4a. In some embodiments, the vector disclosed herein further
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comprises a nucleic acid encoding an HNF4a isoform 2 polypeptide. In some embodiments, the
HNF4a isoform 2 polypeptide comprises a sequence at least about 80%, about 85%, about 90%,
about 95%, or about 98% identical to SEQ ID NO: 1 or a fragment thereof. In some
embodiments, the nucleic acid at least about 80%, about 85%, about 90%, about 95%, or about
98% identical to SEQ ID NO: 31 or a fragment thereof.

Accordingly, in some aspects, disclosed herein is a method of treating a liver disease in a
subject in need thereof comprising administering to the subject a vector that comprises a nucleic
acid encoding HNF4a isoform 2. Also included herein is a use of a composition for the
preparation of a medicament for treatment a liver disease in a subject in need thereof comprising
administering to the subject the composition, wherein the composition comprises a nucleic acid
encoding HNF4q isoform 2.

The vector used in the methods may be any as described herein including plasmid,
bacteriophage, viral particle (isolated, attenuated, recombinant, etc.), exosome, extracellular
vesicle and/or nanoparticle. In some embodiments, the vector is a plasmid. In some
embodiments, the vector is a viral particle. In some embodiments, the vector is viral vector with
a natural and/or an engineered capsid. In some embodiments, the vector is an exosome. In some
embodiments the vector is a nanoparticle. In some embodiments, the vector is an mRNA lipid
nanoparticle. In some embodiments, the nucleic acid is a DNA (e.g., closed-ended DNA
{(ceDNA)) or an RNA. ceDNAs and methods of making and using ceDNA are known in the art.
For example, see International Publication Nos. W0O2019/169233 and W02017152149,
incorporated by reference herein in their entireties. With respect to general information on
nanoparticles, components thereof and delivery of such components, including methods,
materials, delivery nanoparticles and making and using thereof, including as to amounts and
formulations, all useful in the practice of the instant invention, reference is made to Wu et al., J.
Biol. Chem. 262, 4429, 1987, U.S. Patent Application Publication 2011/0274706, and
W02018/170405, which are incorporated herein by reference for all purposes.

In some aspects, disclosed herein is a method of treating a liver disease in a subject in
need thereof comprising administering to the subject a composition, wherein the composition
decreases an amount or suppresses function of one or more transcription factors selected from
the group consisting of DNAJIB1/HSP40, ATF6, ATF4, and PERK.

As noted above, DNAJB1/HSP40, ATF6, ATF4, and PERK are all transcriptional
regulators of endoplasmic reticulum (ER) stress. The ER is a type of membranous organelle in
cukaryotic cells that is important for the proper folding, modification, and transportation of

proteins. ER stress, occurring when the capacity of an ER to fold proteins becomes saturated,
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may lead to responses such as cell death and/inflammation. These transcriptional regulators
regulate HNF4a nuclear transportation through pathways related to ER stress. It is shown herein
that decreases in an amount or suppression of function of one or more of these transcriptional
regulators can restore liver cell function in patients having a liver disease. Accordingly, in some
embodiments, administration of the composition increases an amount of HNF4a in a nucleus of
a hepatocyte in the subject. In some embodiments, administration of the composition does not
increase a total amount of HNF4a in the hepatocyte. In some embodiments, the administration
of the composition increases a total amount of HNF4a in the hepatocyte. In some embodiments,
the composition further comprises a nucleic acid that encodes HNF4a.

In some embodiments, the composition decreases the amount of one or more
transcription factors selected from the group consisting of DNAJB1/HSP40, ATF6, ATF4,
and/or PERK by knockdown of these genes. Knockdown of DNAJB1/HSP40, ATF6, ATF4,
and/or PERK may be brought about by recognition of relevant mRNA, such as mRNA encoding
DNAJB1/HSP40, ATF6, ATF4, and/or PERK or enzymes necessary for DNAJB1/HSP40,
ATF6, ATF4, and/or PERK activity, by a complementary RNA molecule, and mediated by RNA
interference. For example, molecules encoding interfering RNA (RNAi) may be introduced into
a hepatocyte or hepatocyte precursor by a suitable vector, such as a lentiviral, retroviral vector,
or a nanoparticle, through methods such as transfection or transduction.

In some embodiments, any one or plurality of CRISPR complex components for
knocking out the one or more transcription factors selected from the group consisting of
DNAJB1/HSP40, ATF6, ATF4, and/or PERK may be administered with or within the viral
particles, virions, or viral vectors disclosed herein. In some embodiments, an sgRNA or
tracr/mate RNAs may be packaged with one or more reprogramming factors. In some
embodiments, sgRNA molecules encapsulated by the viral particles, virions, or viral vectors
may be packaged with one or more reprogramming factors. With respect to general information
on CRISPRCas Systems, components thereof and delivery of such components, including
methods, materials, delivery vehicles, vectors, particles, AAV, and making and using thereof,
including as to amounts and formulations, all useful in the practice of the instant invention,
reference is made to U.S. Publication 2018/0057839, which is incorporated herein by reference
for all purposes.

As noted above, "liver disease" as used herein refers generally to diseases, disorders, and
conditions affecting the liver, and may have a wide range of severity encompassing, for
example, simple accumulation of fat in the hepatocytes (steatosis), macrovescicular steatosis,

periportal and lobular inflammation (steatohepatitis), cirrhosis, fibrosis, liver ischemia, liver
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cancer including hepatocellular carcinoma, a liver disease of an earlier discase stage, end-stage
liver disease, and liver failure. Accordingly, each of steatosis, macrovescicular steatosis,
steatohepatitis, cirrhosis, fibrosis, liver cancer, hepatocellular carcinoma, end-stage liver disease,
chronic liver disease, and liver failure are included within the definition of “liver disease.” The
degree or severity of “liver cirrhosis” can be designated by a Child-Pugh score wherein five
clinical measures, levels of total bilirubin, serum albumin, prothrombin time prolongation,
ascites, and hepatic encephalopathy, are scored using a point system of 1 point, 2 point, and 3
point values for varying levels of each clinical measure, with 3 point values being assigned to
the most severe levels of each measure. The total points for all five measures are added to arrive
at a Child-Pugh score and classification. Scores of 5-6 designate Child-Pugh Class A, scores of
7-9 designate Child-Pugh Class B, and scores of 10-15 designate Child-Pugh Class C. In
general, Child-Pugh Class A indicates the least severe liver disease and Child-Pugh Class C
indicates the most severe liver disease. In some embodiments, the method disclosed herein can
be used to treat a subject having a Child-Pugh Class B or Child-Pugh Class B C liver disease. In
some embodiments, the method disclosed here in can be used to treat a subject having a Child-
Pugh Class A liver disease. In some embodiments, the liver disease is alcoholic hepatitis. In
some embodiments, the method disclosed here in can be used to treat an ischemic donor liver
having ex vivo perfusion. The present invention can be used to treat liver cancer before or after
cancer treatment including before or after liver resection. It should be understood and herein
contemplated that a liver disease of an earlier disease stage can be a nonalcoholic fatty liver
disease (NAFLD), a nonalcoholic steatohepatitis (NASH), an alcohol-related liver disease,
including but not limited to, fatty liver, alcoholic hepatitis, and alcohol-related cirrhosis. It
should also be understood that the end-stage liver disease disclosed herein can be attributed to
all causes known the art, including, for examples, viral, alcoholic, non-alcoholic, and
cryptogenic.

Accordingly, the methods disclosed herein can be used to improve liver function in a
subject having the liver disease of any preceding aspects. Such improvement of liver function
can be indicated by, for example, an increase in serum albumin, a decrease in serum ammonia
level, a decrease in total bilirubin, an increase in encephalopathy score, and/or a decrease in
prothrombin time prolongation. Accordingly, the methods disclosed herein can be used to
increase serum albumin levels, decrease serum ammonia levels, decrease total bilirubin levels,
increase encephalopathy score, and/or decrease prothrombin time prolongation.

A liver disease may progress with multiple stages, including, inflammation, fibrosis,

cirrhosis, end-stage liver disease, and liver cancer. It should be known that there are numerous
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causes of chronic liver disease, including chronic infection by hepatitis viruses, alcohol-
mediated cirrhosis, and/or non-alcoholic steatohepatitis (NASH). As the timing of a liver disease
can often not be predicted, it should be understood the disclosed methods of treating, preventing,
reducing, and/or inhibiting a liver disease, can be used prior to or following the onset of
inflammation, fibrosis, cirrhosis, end-stage liver disease, and/or liver cancer, even prior to or
during hepatitis virus infection, alcohol-mediated cirrhosis, and/or non-alcoholic steatohepatitis,
to treat, prevent, inhibit, and/or mitigate any stage of the liver disease. The disclosed methods
can be performed any time prior to the onset of inflammation, fibrosis, cirrhosis, end-stage liver
disease, and/or liver cancer. In one aspect, the disclosed methods can be employed 60, 59, 58,
57,56, 55, 54, 53, 52, 51, 50, 49, 48, 47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 34, 33, 32,
31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13,12, 11, 10, 9,8, 7, 6, 5, 4,
3,2,or 1years;12,11,10,9, 8,7, 6, 5,4, 3, 2, or 1 months; 30, 29, 28, 27, 26, 25, 24, 23, 22, 21,
20,19, 18,17, 16, 15,14, 13,12, 11, 10,9, 8,7, 6, 5, 4, or 3 days; 60, 48, 36, 30, 24, 18, 15, 12,
10,9, 8,7, 6,5, 4, 3, or 2 hours prior to the onset of inflammation, fibrosis, cirrhosis, end-stage
liver disease, and/or liver cancer; or 1,2,3,4,5,6,7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 75, 90, 105, 120 minutes; 3, 4, 5,6, 7, 8,9, 10, 11, 12, 15, 18, 24, 30, 36, 48, 60 hours; 3, 4,
5,6,7,8,9,10,11,12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 45,
60, 90 or more days; 4,5, 6,7, 8,9, 10, 11, 12 or more months; 60, 59, 58, 57, 56, 55, 54, 53,
52,51, 50, 49, 48, 47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27,
26, 25,24, 23,22,21,20,19,18, 17,16, 15,14, 13, 12, 11, 10,9, 8, 7, 6, 5, 4, 3, 2, 1 years after
the onset of inflammation, fibrosis, cirrhosis, end-stage liver disease, and/or liver cancer.

Liver resection is the surgical removal of all or a portion of a liver of a subject having a
liver disease (e.g., cirrthosis, end-stage liver disease, and/or liver cancer). The disclosed methods
can be performed to the subject any time prior to or after liver resection. In one aspect, the
disclosed methods can be employed 5, 4, 3, 2, or 1 years;12, 11, 10,9, 8,7, 6,5,4,3,2,0r 1
months; 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6,
5,4, or 3 days; 60, 48, 36, 30, 24, 18, 15,12, 10,9, 8,7, 6, 5, 4, 3, or 2 hours prior to the
operation of liver resection; or 1,2, 3,4, 5, 6,7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
75,90, 105, 120 minutes; 3,4, 5, 6,7, 8,9, 10, 11, 12, 15, 18, 24, 30, 36, 48, 60 hours; 3, 4, 5, 6,
7,8,9,10,11, 12, 13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 45, 60, 90
or more days; 4, 5,6,7, 8,9, 10, 11, 12 or more months; 60, 59, 58, 57, 56, 55, 54, 53, 52, 51,
50, 49, 48, 47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25,
24,23,22,21,20,19,18, 17,16, 15,14, 13,12, 11, 10,9, 8,7, 6, 5, 4, 3, 2, 1 years after liver
resection.
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The vector or the composition described herein can be administered to the subject via
any route including oral, topical, intravenous, subcutaneous, transcutaneous, transdermal,
intramuscular, intra-joint, parenteral, intra-arteriole, intradermal, intraventricular, intracranial,
intraperitoneal, intralesional, intranasal, rectal, vaginal, by inhalation or via an implanted
reservoir. The term “parenteral” includes subcutaneous, intravenous, intramuscular, intra-
articular, intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional, and intracranial
injections or infusion techniques. In some embodiments, the administration of the vector or the
composition is intravenous.

Another aspect of the disclosure relates to administering both the above-described
composition that increases the amount or function of one or more transcription factors selected
from the group consisting of PROX1, NR5SA2, NROB2, MTF1, SREBP1, EP300, and/or
POM121C, and functional fragments thereof and the composition that decreases an amount or
suppresses function of one or more transcription factors selected from the group consisting of
DNAJB1/HSP40, ATF6, ATF4, and PERK. In some embodiments, both compositions are
administered at the same time. In other embodiments, one composition is administered before
the other. In some embodiments, the method of any preceding aspects further comprises
upregulating expression or function of HNF4a. In some embodiments, the method of any
preceding aspects comprises further administering a HNF4a agonist, which term refers to those
compositions described more fully in U.S. Patent Application Publication US2014/0249209,
which is incorporated herein by reference for all purposes.

Dosing frequency for the vector or the composition of any preceding aspects, includes,
but is not limited to, at least once every year, once every two years, once every three years, once
every four years, once every five years, once every six years, Once every seven years, once every
cight years, once every nine years, once every ten yeat, at least once every two months, once
every three months, once every four months, once every five months, once every six months,
once every seven months, once every eight months, once every nine months, once every ten
months, once every eleven months, at least once every month, once every three weeks, once
every two weeks, once a week, twice a week, three times a week, four times a week, five times a
week, six times a week, or daily. Administration can also be continuous and adjusted to
maintaining a level of the compound within any desired and specified range. The term
“administration” or “administrating” used herein for treating a liver disease using the vector
and/or the composition of any preceding aspect includes those forms of administration described
more fully in U.S. Patent Application Publication 2018/0057839, which is incorporated herein

by reference for all purposes.
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EXAMPLES
The following examples are set forth below to illustrate the compositions, methods, and
results according to the disclosed subject matter. These examples are not intended to be
inclusive of all aspects of the subject matter disclosed herein, but rather to illustrate
representative methods and results. These examples are not intended to exclude equivalents and

variations of the present invention which are apparent to one skilled in the art.

Example 1: Methods and Materials.

Human Samples and Hepatocyte Isolation. De-identified normal human liver tissue
and/or cells were obtained through the Liver Tissue Cell Distribution System (Pittsburgh, PA)
after obtaining written informed consent by a protocol approved by the Human Research Review
Committee of the University of Pittsburgh, which was funded by NIH Contract #
HSN276201200017C. Adult human liver tissue and/or cells were also obtained from Ira J Fox
Laboratory at Children’s Hospital of UPMC, by a protocol approved by the Human Research
Review Committee and the Institutional Review Board (Exempt with identifiers removed; IRB#:
PRO12090466) of the University of Pittsburgh (Table 1). Hepatocytes were isolated using a three-
step collagenase digestion technique as previously described (Gramignoli R et al., 2012). Cell
viability was assessed after isolation as previously described using trypan blue exclusion and only
cell preparations with viability >80% were used for the analysis.

TABLE £ CLINICAL PARAMETERS OF THI FATTENTS INTHIS STURY

i A i TOAR IRE P B ety
i ADUMNR AR BN OritidPanh

In silico HNF4a post-translational modifications (PTMs) analysis. To identify the PTMs
that modulate HNF4o cellular localization, an in silico analysis was performed through
computational searches in databases and publications (Figure 5). The process was divided into
three phases: identification, screening, and selection. Initially, 51 PTMs were identified. Next,

during the screening phase, 23 PTMs were selected by the application of two elimination criteria
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(Figure 5). Two phosphorylation and one acetylation modifications were identified in the selection
phase as the most plausible PTMs related to HNF4a localization able to be evaluated.

Stable Isotope Analysis Using Gas Chromatography—Mass SpectrometryOne million
human hepatocytes were cultured with Dulbecco's modified Eagle's medium F12 in the presence
of 13-C6-labeled glucose and glutamine isotope tracers for 96 hours (Thermo Fisher Scientific,
San Jose, CA). The medium was removed and cells were washed with ice-cold phosphate-buffered
saline solution. Next, cells were quenched with 400 pL methanol and 400 pL. water containing 1
uL norvaline, scraped, washed with 800 uL ice-cold chloroform, vortexed at 4°C for 30 minutes,
and centrifuged at 7,300 rpm for 10 minutes at 4°C. The upper aqueous phase was collected for
metabolite analysis. Metabolite extracts were centrifuged at 14,000g for 10 minutes to separate
the polar phase, protein interphase, and chloroform phase. The water/methanol phase—containing
polar metabolites were transferred to fresh microcentrifuge tubes and dried in a SpeedVac and
stored at —80°C until gas chromatography—mass spectrometry (GC-MS) analysis. Then, 30 pL of
methoxyamine hydrochloride (Thermo Scientific) was added to dried samples and incubated at
30°C for 2 hours with intermittent vortexing. A total of 45 pL of MBTSTFA + 1% tert-
butyldimethylchlorosilane was added to the samples and incubated at 55°C for 1 hour. Derivatized
samples were transferred to gas chromatography (GC) vials with glass inserts and added to the
GC-MS autosampler. GC-MS analysis was performed using an Agilent 7890 GC (Santa Clara,
CA) equipped with a 30-m HP-5MSUI capillary column connected to an Agilent 5977B mass
spectrometer. For polar metabolites, the following heating cycle was used for the GC oven: 100°C
for 3 minutes, followed by a ramp of 5°C/minute to 300°C and held at 300°C for a total run time
of 48 minutes. Data were acquired in scan mode. The relative abundance of metabolites was
calculated from the integrated signal of all potentially labeled ions for each metabolite fragment.
Mass isotopologue distributions were corrected for natural abundance using IsoCorrectoR prior to
analysis with the model. Metabolite levels were normalized to internal standard Norvaline's signal.
Fractional enrichment calculation represents the fractional contribution of 13C from a substrate to

intermediate metabolite. It is calculated as follows:

where NC is the number of carbons that can be labeled as 13C, and xi is the fraction of (M + i)th
isotopologue.
Immunohistochemistry and HNF4a quantification. Paraffin-embedded liver tissue was

deparaffinized with xylenes and dehydrated with ethanol. Antigen unmasking was performed by
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boiling in citrate buffer, pH 6.0. The slides were then incubated in 3% hydrogen peroxide, blocked
with normal animal serum, and subsequently left incubating overnight at 4°C with primary
antibodies. The primary antibodies used are listed in the Table 2. Tissue sections were then
incubated with biotinylated secondary antibody corresponding to the animal species of the primary
antibody (BA-1000; Vector Laboratories, Burlingame, CA) and exposed to 3,3'-diaminobenzidine
(SK-4105; Vector Laboratories) to visualize the peroxidase activity. Counterstaining was
performed with Richard-Allan Scientific Signature Series Hematoxylin (Thermo Scientific,
Waltham, MA). For quantification, immunoreactivities of nuclear and cytoplasmic HNF4a were
independently graded by two liver pathologists, with 1,000 hepatocytes in three high-power fields
being counted per sample. Normal livers (n = 2), Child-Pugh B (n = 4), and Child-Pugh C (n =2)
were included for these analyses. The Child-Pugh B and C are grouped as cirrhotic human liver

and the results are expressed as percentage over the total number of cells counted.

Table 2
. . Western Company/
Antibody/Target Specie Immunohlst?chemstry blot Catalog Number
Dilution oo
Dilution
HNF4a Mouse 1:200 1:1000 Abcam/Ab41898
Acetyl-HNF4a(Lys106) Rabbit i 1:500 Cusabio/CSB-
PA727840

cMET Rabbit 1:200 1:1000 Cell Signaling/8198T
Total AKT Rabbit - 1:1000 Cell Signaling/ 4691S
Phospho-AKT(Ser473) Rabbit 1:50 1:1000 Cell Signaling/4060S
Phospho-AKT(Thr308) Rabbit 1:100 1:1000 Cell Signaling/9275S
Total AMPKa Rabbit - 1:1000 Cell Signaling/5831S
Phospho- . 1:1000 Cell Signaling/2535S
AMPKa(Thr172) Rabbit 1:100
Total EGFR Rabbit - 1:1000 Cell Signaling/ 4267S
Phospho-EGFR(Y1086) Rabbit - 1:1000 Cell Signaling/2220S
Phospho-H3(Ser10) Rabbit 1:200 1:1000 Cell Signaling/9701S
Caspase 3 active Rabbit 1:100 1:500 Abcam/Ab32042
HDAC1 Rabbit - 1:100 Cell Signaling/2062
Histone H3 Mouse - 1:100 Santa Cruz/SC517576
B-Actin Rabbit - 1:2000 Cell Signaling/4970S

Protein extraction and Western blotting. To perform the protein expression analysis, the
isolated hepatocytes were divided in two fractions; one fraction was used for total protein
extraction, according to standard procedures previously described (Bell AW et al., 2006) and the
other fraction was used for nuclear protein isolation. For nuclear protein isolation, between 1 x
107 and 5 x 107 isolated hepatocytes per patient were washed and harvested in 40 mmol/L Tris
(pH 7.6), 14 mmol/L. NaCl, and 1 mmol/L. EDTA, then centrifuged (5 min, 100g). Cell pellets

were suspended in 2 mL of hypotonic buffer [10 mmol/L HEPES (pH 7.9), 10 mmol/L. NaH>PO4,
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1.5 mmol/L MgClz, 1 mmol/L DTT, 0.5 mmol/L spermidine, and 1 mol/L NaF with protease and
phosphatase inhibitor cocktails (Sigma, St. Louis, MO)]. Following 10 minutes of incubation on
ice, samples were homogenized in a Dounce homogenizer and then centrifuged (5 min, 800g).
Cell lysis was monitored with trypan blue stain. Supernatants were saved as cytoplasmic extracts.
The nuclei pellets were washed two additional times in the same buffer.
Nuclear proteins were extracted in 50-100 pL of hypertonic buffer [30 mmol/L. HEPES
(pH 7.9), 25% glycerol, 450 mmol/L. NaCl, 12 mmol/L MgClz, 1 mmol/L DTT, and 0.1 mmol/L
EDTA with protease and phosphatase inhibitor cocktails (Sigma, St. Louis, MO)] for 45 minutes
at 4°C with continuous agitation. Extracts were centrifuged at 30,000g, and the supernatants were
collected and dialyzed for 2 hours against the same solution but containing 150 mmol/L NaCl.
Protein concentration was determined by the Bicinchoninic Acid assay (Sigma, St. Louis, MO).
Western blot analysis performed according to standard procedures (Natarajan A et al.,
2007). The intensity of each protein band was quantitated using National Institutes of Health
Image J software. The primary antibodies and its dilutions are listed in the above shown Table 2.
RNA-Sequencing and analysis. Whole-genome strand-specific RNA-seq was used to
profile RNA expression levels fromhuman isolated primary hepatocytes. RNA-Seq libraries
were prepared as described previously (Hainer SJ et al., Genes Dev. 2015) and in the literature
(Kumar R et al., 2012). RNA was extracted from intestinal cells using TRIzol followed by
column purification (Zymo RNA clean and concentrator column) following the
manufacturers’ instructions. Total RNA was depleted of rRNA using pooled antisense oligo
hybridization and depletion through RNaseH digestion as previously described (Morlan JD et
al.,, 2012; Adiconis X et al., 2013). Following purification over a Zymo RNA clean and
concentrator column, first strand cDNA was synthesized. Subsequently, second strand cDNA
was synthesized, purified, and fragmented. RNA-seq libraries were prepared using Illumina
technology. Briefly, endrepair, A-tailing, and barcoded adapter ligation followed by PCR
amplification and size selection. The integrity of the libraries was confirmed by quBit
quantification, fragment analyzer size distribution assessment, and Sanger sequencing of ~10
fragments from each library. Libraries were sequenced using paired-end Illumina sequencing.
Paired-end reads were aligned to hg38 using QIAGEN’s CLC Genomics workbench
and were assessed as transcript per million (TPM). To sort the data, K-means clustering was
performed using Cluster 3.0 (De Hoon MI et al., 2004) and heatmaps were generated using
Java TreeView (Saldanha AlJ, 2004). The default settings for mismatch (Murphy SL et al.,
2015), insertion cost (Goldman L et al., 2016) were deletion cost (Goldman L et al., 2016)

were used. Ingenuity pathway analysis (IPA) was used to identify differentially expressed
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genes, predict downstream effects, and identify targets (QIAGEN Bioinformatics;
www.qiagen.com/ingenuity). Regulatory effects analysis within IPA was used to identify the
relationships between upstream regulators and biological functions. The default setting was
used in the analysis (i.e., the upstream regulators were limited to genes, RNA, and proteins).
The RNA-seq data are available at Gene Expression Omnibus (accession number
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE134422).

AKT Inhibition in Normal Human Hepatocytes. Normal human hepatocytes (1 million
cells/well) were cultured on collagen-coated wells. Cells were culture for 6 hours in the
absence of growth factors or serum. Cells then were treated with 5 uM of MK-2206 (Cayman
Chemical, Ann Arbor, Michigan), an AKT inhibitor, for 24 hours. Total, cytoplasmatic, and
nuclear protein were extracted for western blotting as described previously.

Statistical analysis. Data were expressed as mean + SD. Results from western blot for two
statistical groups were evaluated by Mann-Whitney non-parametric test and for three statistical
groups by Kruskal Wallis non-parametric test. The comparisons among groups were performed
by Dunn multiple comparisons test. The association among the analyzed proteins was evaluated
using the Spearman’s rank correlation test. Linear regression was used to describe the relation
between protein expression and clinical status measured as Child-Pugh score and MELD score.
Statistics was performed using Prism 4.0 (GraphPad Software Inc., San Diego, California, USA).
Differences were considered significant when P < 0.05.

To identify the direct dependence between the proteins analyzed by western blot, the path
analysis (structural equation model) was used. The path analysis model has the objective to explain
a possible causal association between the observed correlations among a dependent variable and
multiple independent variables. The path model was tested and modified by adding and removing
a path based on the research framework and the results of regression weights and model fit. The
results are plotted as diagrams that show the direct and indirect effects of the variables on the
study system. The degree of correlation and the linear relation between variables is determined by
a P <0.05 and an arbitrary coefficient that shows the level of importance (larger number represent
a larger relation). The path analysis was performed using InfoStat version 2013 (Grupo InfoStat,
FCA, Universidad Nacional de Cérdoba, Cérdoba, Argentina).

Unsupervised Multivariate Principal Component Analysis (PCA) was applied to western
blot data to reveal the group of proteins that distinguish among the sample’s clinical status. Scatter
plots of the principal components (PC) that explain most of the variance were drawn. The

statistical software JMP version 14 (SAS Institute, Cary, NC, USA) was used for PCA analysis.
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Example 2. HNF4qg nuclear localization is decreased in human livers with end-stage
liver failure while cytoplasmic localization is increased

HNF4a functions as a transcription factor and nuclear localization is required for
activity (Babeu JP et al., 2014; Chellappa K et al., 2012; Guo H, 2014; Hong YH et al., 2003;
LuH et al., 2016, Song Y et al., 2015; Soutoglou E et al., 2000; Sun K et al., 2007; Yokoyama
Aetal., 2011; Zhou W et al., 2012; Bell AW et al., 20006; Kritis AA et al., 1996; Tanaka T et
al., 2006; Walesky C et al., 2015). Therefore, immunohistochemistry and western blot on
hepatocytes from diseased liver specimens were performed to determine the location of
HNF4a and tocorrelate expression with hepatic decompensation. About 78% of hepatocytes
from livers with terminal liver failure showed both only cytoplasm expression or cytoplasm
and weak nuclearexpression of HNF4a, whereas normal human livers displayed 75% of
hepatocytes with strong nuclear localization of HNF4a. Total HNF4a protein expression
from isolated hepatocytes, as assessed by western blot, did not show any statistical
difference between end-stage livers and normal controls (P = 0.166; Figure 1A). This result
was not surprising sincethe ability to discern a difference in HNF4a expression in livers
from patients with degenerative disease and controls based on degree of functional
decompensation required the study of a large cohort of patients (Guzman-Lepe J et al.,
2018). However, in this study, a statistically significant difference was observed based on
HNF4a location. HNF4a was detected at high levels in the cytoplasm (P=0.023; Figure
1B), and at low levels in the nucleus (P = 0.023; Figure 1C) of hepatocytes isolated from
functionally decompensated livers when compared to hepatocytes isolated from normal
controls.

As HNF4a function and stability is regulated by a number of post-translational
modifiers (Chellappa K et al., 2012; Guo H, 2014; Hong YH et al., 2003; Lu H et al., 2016,
Song Y et al., 2015; Soutoglou E et al., 2000; Sun K et al., 2007; Yokoyama A et al., 2011;
Zhou W et al., 2012), and since its nuclear localization is critical to its activity, an in silico
analysis was performed to evaluate which modifiers regulate HNF4a localization. It was
found that AMPKa activation controls HNF4a transcription (Hong YH et al., 2003). In
addition, acetylation of HNF4a, which can be mediated by the AKT pathway, stabilizes the

molecule, favoring its retention in the nucleus (Soutoglou E et al., 2000) (Figure 5).
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Example 3: HNF4q is the major regulator of human hepatocyte function in advanced
liver disease.

Assessment was next performed to compare gene expression differences between
human hepatocytes from normal controls (n=4) and those recovered from patients with
cirrhosis and terminal liver failure (n=4) (Child-Pugh C), limiting the study to patients with
NASH and alcohol-mediated Laennec's cirrhosis. Hierarchical clustering of RNA-seq data
revealed three major dynamic patterns associated with cirrhosis and liver dysfunction, a
calculated in the heatmap of a K-means clustering (log> FC over controls; K=3). Cluster 1
(3478 genes) and III (1669 genes) represented genes that were moderately to highly up-
regulated in hepatocytes from patients with terminal liver failure relative to control human
hepatocytes. Most genes in these clusters were related to autophagy and apoptotic signaling
(data not shown).

Cluster II, however, consisted of 1669 genes that were significantly down-regulated
inend-stage hepatocytes, and included genes encoding the serine-threonine protein kinase
(AKT1), cytochrome P450s (cytochrome P450 [CYP]c8, CYP2c9, CYP2el, CYP3A4), and
hepatocyte nuclear factors (HNF4a, forkhead box al [FOXal]). The top pathways
represented in this cluster included farnesoid X receptor/retinoid X receptor (RXR) and liver
X receptor/RXR activation, mitochondrial dysfunction, oxidative phosphorylation, and
inhibition of RXR function. Pathway analysis on these down-regulated genes showed that
HNF4a was a central upstream regulator, and the heatmap confirmed many similarities in the
gene expression profile of hepatocytes from patients with NASH and alcohol-mediated
Laennec's cirrhosis(data not shown) . These results were nearly identical to the gene
expression profile of rat hepatocytes that were recovered from cirrhotic livers with terminal

failure (Liu L et al., 2012).

Example 4: cMET and AKT phosphorylation correlates with HNF4qa nuclear localization
in human hepatocytes from patients with end-stage liver failure

As EGFR and cMET have been shown to regulate the AMPK and AKT pathways
(Komposch K et al., 2015; Paranjpe S et al., 2016; Tsagianni A et al, 2018) that were
identified in the in silico and RN Aseq analysis as important modulators of HNF4aq,
antibody-based assays for these molecules in liver specimens were performed. cMET
expression in decompensated liver specimens was markedly reduced when measured by
both immunohistochemistry and western blot (P = 0.023; Figures 2A and 2B) when

compared toisolated control human hepatocytes. There was no significant difference in the
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EGFR expression between normal and diseased liver specimens (Figures 2A and 2B).
However, the active form of EGFR, phospho-EGFR(Y 1086), was highly expressed in
hepatocytes derived from diseased livers from patients with decompensated disease when
compared to normal human hepatocytes (Figures 6A and 6B). In addition, as continuous
cycles of cell death and hepatocyte replication are hallmarks of cirrhosis (Tsochatzis EA et
al., 2014), this observation in hepatocytes from patients was corroborated with terminal liver
failure, demonstrating expression of replicative [phospho-H3(Ser10)] and cell death (active
caspase 3) markers inend-stage hepatocytes using immunohistochemistry and western blot.

Since cMET can control AMPKa and AKT and cMET significantly downregulated
in hepatocytes from functionally decompensated livers, the activation processes for AMPKa
and AKT was analyzed. Total AMPKa, activated AMPKoa(Thr172) and its ratio did not
differ statistically between hepatocytes with decompensated function and normal human
hepatocytes (Figures 2A and 2B). However, total AKT, activated AKT(Thr308), and its
ratiodecreased significantly in liver specimens and isolated hepatocytes from patients with
decompensated hepatic function (Figure 2A and 2B). Another AKT phosphorylation site
(Ser473) was unchanged in liver specimens or isolated hepatocytes from normal controls or
decompensated specimens (Figure 2A and B).

To further analyze the relationship between HNF4q, it’s nuclear localization, and
post-translation modulation, a Spearman’s rank correlation test was performed. cMET
expression showed a positive, and statistically significant correlation with total HNF4a (r =
0.76; P = 0.021; Figure 2C) and nuclear HNF4a (r = 0.71; P = 0.037; Figure 2C). Activated
AKT (Thr308) also showed a positive, and statistically significant correlation with total
HNF4q (r = 0.73; P = 0.031; Figure 2C) and nuclear HNF4a (r = 0.82; P = 0.011; Figure
2C), whereas cytoplasmic HNF4a correlated negatively with cMET (r = -0.80; P = 0.014;
Figure 2C) and activated AKT(Thr308) (r =-0.77; P = 0.021; Figure 2C). In addition, the
ratio of phospho-AKT(Thr308)/total AKT correlated positively with cMET (r =0.80; P =
0.014; Figure 6A) and total AKT (r = 0.71;P = 0.037; Figure 6A). Thus, reduced cMET was
associated with reduced activation of the AKT pathway, reduced HNF4a in the nucleus, and

more expression of HNF4q in the cytoplasm.

Example 5: Nuclear localization of HNF4a is affected by the cMET/AKT axis and
correlates with extent of liver dysfunction
As seen in Figure 3A, pathway analysis revealed a significant causal relationship

between cMET expression and nuclear HNF4a expression (0.56; P = 0.004) and a direct
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relationship between levels of nuclear HNF4a and the activated AKT(Thr308)/total AKT
ratio (0.05; P = 0.006). Modeling also demonstrated that total HNF4a expression levels
contribute to nuclear localization (0.60; P = 0.042). However, cMET expression was
negatively associated with total HNF4a expression (-0.37; P = 0.024) (Figure 3A) indicating
that cMET expression does not directly affect total HNF4a expression but only its nuclear
localization. To assess whether the levels of nuclear expression correlate with extent of liver
dysfunction (Child-Pugh Score), a linear regression analysis was performed, which showed
that nuclear HNF4a expression levels have a significant inverse relationship with the Child-
Pugh score (R” = 0.80; P = 0.007) (Figure 3B). Together, these pathway and linear
regression statistical analyses of protein expression show that HNF4a localization is
associated with hepatic disease progression and thatcMET expression and AKT
phosphorylation play a central role in maintaining hepatocyte HNF4a nuclear localization
and function.

Next, principal component analysis (PCA) was performed to assess HNF4a post-
translation modifier-related molecules, and to delineate if a pattern of molecules correlates
with hepatic function in end-stage hepatocytes (Child-Pugh score) (Figures 3C and 3D). As
shown in Figure 3C, PC1 (69.9%) and PC2 (30.1%) discriminate 100% of the variability in
level of hepatic function (Child-Pugh score) in the isolated hepatocytes studied. The vectors
that characterized normal human hepatocytes were cMET and activated AKT(Thr308)/total
AKT ratio, total HNF4a, and nuclear HNF4a whereas the negative characteristics, which
characterized failing human hepatocytes were cytoplasmic HNF4a and active caspase 3
expression (Figures 3C and 3D). Together, this statistical analysis corroborates the
molecular profiling of human hepatocytes with terminal liver failure and establishes acausal
connection between the expression of cMET, activated AKT(Thr308), and total and nuclear

HNF4a.

Example 6: Retention of HNF4a in the nucleus is reduced in patients with end-stage
liver failure through decreased acetylation.

One of the targets of AKT is activation of CREB binding protein (Dekker FJ et al.,
2009 ). It is well known that CREB-binding protein has an intrinsic acetylation activity on
nucleosomal histones, which increase the access of transcription factors to nucleosomal
DNA, and thus, activatetranscription and retention of transcription factors in nuclei. Thus,
this axis can be related to HNF4anuclear retention (Soutoglou E et al., 2000). As genome

wide transcriptome analysis and the in silico analysis indicated that the cMET/AKT kinase
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axis pathway can control HNF4a localization and stability through the activation of CREB
binding protein (Kumar R et al., 2012), nuclear expression of acetylated HNF4a was
measured (Figures 4A-4C), and finding that HNF4a acetylation in the nucleus was
significantly reduced in hepatocytes from patients with terminal liver failure when
compared to normal controls (P = 0.024; Figure 4A). And to confirm that acetylation of
HNF4a relates to the extent of liver dysfunction (Child-Pugh Score), a linear regression
analysis was performed, and showed that a decrease in acetylated HNF4a correlates directly
and significantly with liver dysfunction (R>=0.71; P = 0.004; Figure 4C). As a proof of
principle, preliminary experiments were conducted in freshly isolated normal human
hepatocytes by inhibiting AKT signaling to corroborate the role of activated-AKT(Thr308)
in HNF4a nuclear localization. Freshly isolated normal human hepatocytes were treated
with MK-2206, a potent allosteric pan-AKT inhibitor. After 24 hours of AKT-inhibitory
treatment, 80% of activated AKT(Thr308), 25% of nuclear HNF4a, and 14% of acetylated

nuclear HNF4q expression were reduced when compared with the nontreated controls.

Example 7: Retention of HNF4a in the nucleus is regulated by multiple signaling
molecules, showing significantly negative association with end-stage liver failure.

HNF4a is the master regulator of liver functions (Babeu JP et al., 2014; Chellappa K et
al., 2012; Guo H et al., 2014; Lu H et al., 2016, Song Y et al., 2015; Soutoglou E et al., 2000;
Sun K et al., 2007; Xu Z et al., 2007; Zhou W et al., 2012; Bell AW et al., 2006). Alterations in
HNF4a expression has related to liver diseases with multiple etiologies such as cancer, hepatitis
B and C, alcohol-mediated cirrhosis, and NASH (Babeu JP et al., 2014; Chellappa K et al.,
2012; Guo H et al., 2014; Lu H et al., 2016, Song Y et al., 2015; Soutoglou E et al., 2000; Sun K
et al., 2007; Xu Z et al., 2007; Zhou W et al., 2012; Bell AW et al., 2006). In animal models
with TLF a strong reduction in HNF4a expression was identified and by restoring production of
HNF4a using gene therapy reboots the liver cells to normal function (Nishikawa T et al., 2014).
To assess whether this observation applies to human, a study was done on liver-enriched
transcription factor expression in the livers of a large cohort of patients with decompensated
liver function (Guzman-Lepe J et al., 2018). It was found that HNF4a mRNA levels were
down regulated and correlated with the extent of liver dysfunction based upon Child-Pugh
classification. Nuclear localization of HNF4q in those studies was not uniform (Guzman-
Lepe J et al., 2018).

Human hepatocytes were isolated from the explanted livers of patients with cirrhosis

and end-stage (Child-Pugh B, C) liver failure caused by NASH and alcohol-mediated
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Laennec's cirrhosis. In these isolated hepatocytes there was an increase in HNF4a located in
the cytoplasm and a decrease in HNF4a in the nucleus compared to that seen in control
normal hepatocytes. In addition, localization of HNF4a to the cytoplasm or nucleus in
human failing cirrhotic hepatocytes correlated with degree of hepatocyte dysfunction. These
dataindicate that pathways regulating HNF4a nuclear transport or retention can be targets
for the treatment of terminal liver failure.

AMPK and AKT kinases are the main components that can regulate HNF4a localization
(Hong YH et al., 2003; Song Y et al., 2015; Soutoglou E et al., 2000). AMPK plays a central
role in maintaining energy homeostasis, promoting adenosine triphosphate (ATP) production
pathways and reducing ATP consumption (Woods A et al., 2017), while AKT activation
promotes cell proliferation, survival, and growth (Manning BD et al., 2017; Morales-Ruiz M
et al., 2017). AKT activation is mediated by phosphorylation at threonine 308 and/or serine
473(Praveen P et al., 2016; Inoue J et al., 2017). What is disclosed herein shows a significant
correlation between activated AKT(Thr308) and HNF4a localization since activated
AKT(Thr308) levels were significantly decreased inend-stage human hepatocytes. These
findings indicate that AK'T phosphorylation at Thr308 can play an important role in
hepatocyte failure in terminal stages of liver disease.

Analysis was done on cMET and EGFR, the two central receptors that are upstream
regulators of AKT and AMPK and are related to liver function and regeneration (Natarajan
A et al., 2007; Komposch K et al., 2015; Paranjpe S et al., 2016; Tsagianni A et al., 2018;
Alam A et al., 2017). Combined disruption of cMET and EGFR in mice alters liver
homeostasis and leads to terminal liver failure (Tsagianni A et al., 2018). In human failing
cirrhotic hepatocytes, there was reducedexpression of cMET and decreased expression
correlated directly with HNF4a localization. In contrast, there was no difference in total
EGFR expression in either human failing cirrhotic hepatocytesor control human
hepatocytes. Thus, in human liver, cMET can play an important role in regulating AKT
pathway activation and HNF4a localization and function. Moreover, using different
statistical analyses (Spearman’s rank correlation test, pathway analysis, linear regression
analysis and principal component analysis) enables the establishment of the association
between the post-translational modifiers analyzed in human failing cirrhotic and normal
hepatocytes. These statistical analyses revealed that cMET and activated AKT(Thr308)
were directly related to the expression levels of nuclear HNF4a. The negative association
found between cMET protein expression and total HNF4a indicates that cMET expression

does not directly affect total HNF4a expression but only its nuclear localization.
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The acetylation of HNF4a can be affected in the cirrhotic failinghepatocytes, based
on the low expression levels of activated AKT(Thr308) in human failing cirrhotic
hepatocytes and the direct effect of AKT on CREB binding protein, a molecule which has
an intrinsic acetylation activity that increases transcription factor binding to nucleosomal
DNA. Indeed, nuclear HNF4q acetylation was strikingly reduced in human hepatocytes
fromcirrhotic livers and its level was associated with degree of hepatic dysfunction. These
observations indicate that AKT phosphorylation at threonine 308 mediates the HNF4a
nuclear retention through acetylation by controlling CREB binding protein (Soutoglou E et
al., 2000).

In summary, localization of HNF4q in the cytoplasm results from alterations of the
molecular pathways, which maintain HNF4a in the nucleus during advanced stages of liver
disease. cMET and activated AKT(Thr308) are downregulated and affect acetylation and
nuclear retention of HNF4a. These data shows the restoration of hepatocyte function in

chronic liver diseases through localizing HNF4a to the nucleus.

Example 8: Transduction of Primary Human Hepatocytes with Transcription Factor
Lentivirus (LV) constructs.

Transduction of primary human hepatocytes with transcription factor LV. The
hepatocytes are cultured in a double collagen (thick layers) system to prevent dedifferentiation
of hepatocytes. Collagen sandwich protocol is used subsequently. Prepare the following:
WARM: dPBS, HMM (Basal+SingleQuots), HCM (HBM Basal + HCM SingleQuots); ON ICE:
Green Fluorescent Protein (GFP) LV*, Transcription Factor (TF) LV*, Max Enhancer,
TransDux; OTHERS: 1.5mL tubes, SOmL tubes, tips, pipettes.

1. Plate 5e5 hepatocytes per well onto thick layer collagen and let cells attach for 4

hours.

2. Wash wells with warm dPBS 2X to remove dead cells and replace media with S500uL.

HMM (no FBS).

3. Prepare 5 tubes and label as: a. GFPLV-2; b. GFPLV-10; c. TFLV-0; d. TFLV-2; e.

TFLV-10.

4. Prepare HMM/Max Enhancer/TransDux (HMT) solution in a 50mL tube: 12.323 mL

HMM + 3.100 mL Max Enhancer + 77.5 uL. TransDux.

5. Prepare LV solutions in pre-labeled tubes: a. GFPLV-2: 618.3 uL HMM + 1.7 uL GFP

LV; b. GFPLV-10: 611.6 uL HMM + 8.4 uL GFP LV; c. TFLV-0: 620 uL HMM only;
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d. TFLV-2: 618.6 uL HMM + 1.44 uL. TF4 LV; e. TFLV-10: 612.82 uL HMM +

7.18uL TF4 LV.

6. Replace HMM media in wells with 500 pL. HMT solution.

7. Dispense 100uL of each LV solution into wells. Swirl plates to mix.

8. The next day, wash wells with warm dPBS 2X to remove dead cells and remaining LV

solution.

9. Overlay the cells with thick collagen and let the collagen gelify for 2 hours.

10. Add 500ul. HCM to the wells and replace with fresh HCM every day.

11. Obtain samples at 72 and 96 hours post transduction (refer to protocols at 72 hours).

12. For samples to be obtained at 96 hours, wash cells with warm dPBS and replace

media with 500ulL. HCM (no FBS).

Notes: *Quickly thaw LV in water bath at 37 °C. Transfer to the hood, mix by rotation,
inversion, or gentle vortexing and keep on ice. Unused LV can be aliquoted and refrozen at -
80°C with 10-20% loss of viral activity with each re-freeze.

Transcription Factor (TF) LV Constructs.

The TF LV Constructs are lentiviral vectors (Systems Bioscience, Cat#CS970S-1)
containing a polynucleotide encoding PROX1, NRSA2, NROB2, MTF1, SREBP1, EP300,
POM121C or HNF4a or an RNAI corresponding to DNAJB1/HSP40, ATF6, ATF4 or PERK.

Collect conditioned medium for ELISA (72 and 96 hours). Collect 1200 uL of
conditioned medium from 2 wells for each group and transfer into a 1.5mL tube. Replace
collected medium with warm HMM. Centrifuge conditioned medium at 20,000 x g for 2 mins.
Transfer supernatant into a new tube and store at -20 °C.

Take photos of GFP expression and Brightfield to determine transfection efficiency (72
and 96 hours). Wash floating cells with warm dPBS. Replace with warm HCM. Take photos
using the filter 2 (green excitation) for GFP expression and filter 6 for BrightField.

Collect cell lysates in Qiazol for RNA extraction (72 and 96 hours). Wash cells with
warm dPBS 2X. Coat wells with 600ul. Qiazol and incubate for 1 minute. Scratch cells off the
plate using a P1000 and transfer to a 1.5mL tube. Store at -20 °C until RNA isolation.

Fix wells for IF (72 hours). Wash cells with warm dPBS 2X. Coat wells with 750ul. 4%
PFA solution and incubate for 40 mins. Wash wells with ImL dPBS 3X, 10 mins per wash. Add
ImL of dPBS. Store at 4C until staining for HNF4A.

50



20

25

WO 2021/076566 PCT/US2020/055500

Collect cell lysates for Western Blot (72 and 96 hours). Prepare an ice-cold lysis solution

containing:
1mL 2mL 3mL
a. NP40 cell lysis buffer — 90% 900ul. 1800ul. [ 2700uL.
b. Complete (1 tab/1.5mL) — 6% 60ul. 120ulL 180ul.
c. Halt protease inhibitor — 2% 20uL 40ul. 60uL
d. 0.1M PMSF in ethanol — 2% 20ul. 40ulL 60ul.

Wash cells with warm dPBS 2X. Coat wells with 200uL of the ice-cold lysis solution
and incubate for 30 mins with rocking in the walk-in fridge. Detach cells using a rubber
policeman and collect and transfer lysates including precipitates and solids into pre-labeled
tubes. Spin at 20,000 x g for 10 mins at 4°C. Transfer supernatant into a clean pre-labeled 1.5mL
tube. Store lysates in the -80 °C freezer.

TF Immunofluorescent Co-Staining (For 12-well plates with thick collagen sandwich
layers). Aspirate samples gently to prevent detachment of cells. Do not let the samples dry. *
Spin down at max speed for 5 min. * Secondary antibody may be replaced with other suitable
antibodies depending on the experiment.

Fixation (If cells are already fixed, moved to Blocking and Permeabilization step). Fix
the samples with 4% paraformaldehyde in PBS pH 7.4 for 40 min at room temperature. Wash
samples 3X with ice cold PBS, 10 min each wash. Proceed with staining or store at 4 °C until
staining (maximum 2 weeks).

Blocking and Permeabilization. Wash samples 2X with 1 mL PBS. Wash samples 3X
with 1 mL Wash Buffer (PBS, 0.1% BSA, and 0.1% Tween), 10 min each wash. Block and
permeabilize by incubating samples for 2 hours with ImL Blocking Buffer (PBS, 10% normal
donkey serum, 1% BSA, 0.1% Tween, and 0.1% Triton X-100).

Antibody Incubation: Vortex and spin down* mouse anti-TF stock 1° Ab. Prepare a
1:500 mouse anti-TF 1° Ab dilution in Blocking Buffer. Coat samples with 600 uL diluted 1°
Ab and incubate in a humidified chamber for 6 hours at room temperature or overnight at 4°C.
Aspirate the 1° Ab solution and wash the cells 3X with Wash Buffer, 10 minutes each wash.
Vortex and spin down* donkey anti-mouselgG-AF594 (Invitrogen A21203). Prepare a 1:250
diluted 2° Ab in Blocking Buffer. Coat samples with 600 pL diluted 2° Ab and incubate in a
humidified chamber for 2 hours at room temperature. Aspirate the 2° Ab solution and wash the

cells 3X with Wash Buffer, 10 minutes each wash.
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Counter staining and Mounting: Wash samples with PBS 3X. Incubate cells for 2 min in
1 mL of 1 ug/ml Hoechst 33342 in PBS in the dark. Wash samples 3X with PBS. The sample
may be stored in the dark at 4 °C. Test TF using RED channel.

Example 9: Transfection of Primary Human Hepatocytes with Transcription Factor
(TF) mRNA (50, 100, 500 ng)
Transfection of primary human hepatocytes. Prepare the following: WARM: DPBS,
HMM (HMM Basal Medium + HMM SingleQuots), Opti-MEM —> RT; ON ICE:
Lipofectamine Messenger Max = RT, mRNA - RT; OTHERS: 1.5mL tubes, SO0mL tubes,
tips, pipettes.
1. Wash cells with warm DPBS and replace media with 500ul. HMM (no FBS).
2. Prepare two sets of tubes labeled as: a. GFP-50. b. GFP-100. c. GFP-500. d.
TF-0. e. TF-50. f. TF-100. g. TF-500. TF is selected from PROX1, NR5SA2, NROB2,
MTF1, SREBP1, EP300, POM121C and HNF4a.
3. Prepare second diluted mRNA in Opti-MEM: a. DilGFP: 32.5 uL. OptiMEM
+ 3.61 uL GFP mRNA. b. DilHNF: 40.3uL. OptiMEM + 4.47 uL. TF mRNA.
4. Prepare mRNA-OptiMEM Mix in the first set of prelabeled tubes: a. GFP-50:
312.2 uLL Opti-MEM + 2.8 uL. DilGFP. b. GFP-100: 309.4uLL Opti-MEM + 5.6 uL.
DilGFP. c. GFP-500: 287.3 uL. Opti-MEM + 27.7 uL. DilGFP. d. HNF-0: 315 uLL
Opti-MEM. e. TF-50: 311.5 uLL Opti-MEM + 3.5 uLL DilTF. f. TF-100: 308.1 uLL
Opti-MEM + 6.9 uL DilTF. g. TF-500: 280.7 uLL Opti-MEM + 34.3 uL. DilTF.
5. Prepare diluted Lipo Mix: a. 2,220.75 uLL Opti-MEM + 141.75 uL Lipo.
6. Vortex diluted Lipo mix for 2-3 seconds and dispense 310 uL into the second
set of pre-labeled tubes. Incubate at RT for 10 mins.
7. Transfer 310uL. of each mRNA-OptiMEM Mix into the tubes contain diluted
Lipo Mix. Incubate at RT for 5 mins.

8. Dispense 100uL of each mix into each well.
9. Incubate and on the next morning, wash with warm dPBS and replace with
500ul. HMM (no FBS).

10.  Obtain samples at 24* and 48* hours post transfection (depends on when the
hepatocytes are plated).
Collect conditioned medium for ELISA (24 and 48 hours). Collect 1200 uLL of

conditioned medium from 2 wells for each group and transfer into a 1.5mL tube. Replace
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collected medium with warm HMM. Centrifuge conditioned medium at 20,000 x g for 2
mins. Transfer supernatant into a new tube and store at -20 °C.

Take photos of GFP expression and BrightField to determine transfection efficiency
(24 and 48 hours). Wash floating cells with warm dPBS. Replace with warm HMM. Take
photos using the filter 2 (green excitation) for GFP expression and filter 6 for BrightField.

Collect cell lysates in Qiazol for RNA extraction (24 and 48 hours). Wash cells with
warm dPBS 2X. Coat wells with 600uL. Qiazol and incubate for 1 minute. Scratch cells off
the plate using a P1000 and transfer to a 1.5mL tube. Store at -20 °C until RNA isolation.

Fix wells for IF (24 hours). Wash cells with warm dPBS 2X. Coat wells with 750ul.
4% PFA solution and incubate for 20mins. Wash wells with 1mL dPBS 3X, 5 mins per
wash. Add 1mL of dPBS. Store at 4C until staining for TF.

Collect cell lysates for Western Blot (24 and 48 hours). Prepare an ice-cold lysis

solution containing:

1mL 2mL 3mL
a. NP40 cell lysis buffer — 90% 900uL. 1800ul. | 2700uL
b. Complete (1 tab/1.5mL) — 6% 60ul. 120ul. 180ul.
c. Halt protease inhibitor — 2% 20uL 40ul. 60uL
d. 0.1M PMSF in ethanol — 2% 20uL 40ul. 60uL

Wash cells with warm dPBS 2X. Coat wells with 200uL. of the ice-cold lysis
solution and incubate for 30 mins with rocking in the walk-in fridge. Detach cells using a
rubber policeman and collect and transfer lysates including precipitates and solids into pre-
labeled tubes. Spin at 20,000 x g for 10 mins at 4 °C. Transfer supernatant into a clean pre-
labeled 1.5mL tube. Store lysates in the -80 °C freezer.

Immunofluorescent co-staining (staining, fixation, blocking and permeabilization,
antibody incubation, and counter staining and mounting) is the same as stated above in

Example 9.

Example 10. Transcriptional factors and regulators PROX1, NR5A2, NROB2, MTF1,
SREBP1, EP300 and POM121C improve nuclear expression of HNF4q cirrhotic
hepatocytes with terminal liver failure.

It was found that liver-enriched transcription factors are stably down regulated in
hepatocytes from rats with end-stage cirrhosis, and that forced re-expression of one of them,
hepatocyte nuclear factor 4 alpha (HNF4a), reprograms dysfunctional hepatocytes to regain

function, both in culture and in vivo. It has been shown in a large cohort of patients with
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advanced liver disease that the level of HNF4a mRINA expression in the diseased liver
correlated with extent of hepatic dysfunction (Child-Pugh classification) and that it’s
expression was not localized in the nucleus, as was the case in the rats studies. In the livers
of patients with advanced cirrhosis, HNF4a RNA expression levels decrease as hepatic
function deteriorates, and protein expression is found in the cytoplasm. These findings can
explain impaired hepatic function in patients with degenerative liver disease. Moreover,
RNA-seq analysis revealed that HNF4a and other Transcriptional Factors/regulators-related
pathways that are involved in nucleus protein translocation are down-regulated in cirrhotic
hepatocytes from patients with terminal failure, where, nuclear levels of HNF4a were
significantly reduced, and, cytoplasmic expression of HNF4a was found to be increased.
Additionally, it was found that four key Transcriptional regulators of the endoplasmic
reticulum (ER) stress were significantly upregulated. This study indicates that manipulation
of HNF4a and pathways involved with post-translational modifications can restore
hepatocyte function in patients with terminal liver failure.

Protein expression of PROXI, NR5A2, NROB2, MTF 1, SREBPI, EP300 and
POMI21C correlate with extent of liver dysfunction in patients with end-stage liver failure.
HNF4a must be expressed in the nucleus to function properly; therefore, the signaling
pathways involved in nuclear localization of HNF4a were analyzed in hepatocytes isolated
from explanted human livers with decompensated function. Because Transcriptional Factors
and Regulators PROX1, NR5A2, NROB2, MTF1, SREBP1, EP300 and POM121C were
identified in the RNA-seq analysis as important modulators of HNF4a, antibody-based
assays were performed for these molecules in primary human hepatocytes isolated from
livers of patients undergoing liver transplantation for NASH or Alcohol-induced liver
cirrhosis (Child Pugh “B” and “C”’) or control normal hepatocytes. HNF4a expression was
markedly reduced in decompensated liver specimens as when measured by western blot
(Figure 8A) when compared with isolated control human hepatocytes. There was also
significant difference in the MTF1 expression as liver failure progressed. Moreover, using
simple linear regression, Child-Pugh Scored human hepatocytes were correlated with
protein expression of HNF4o and MTF1, finding that both HNF4a and MTF1 significantly
correlate to the degree of liver failure (p=0.007) (Figure 8B-8F). Additionally, it was found
that protein expression of NROB2 (Figure 9A-D), NR5SA2 (Figure 10A-D), PROX1 (Figure
11A-D), were significantly lower in Child Pugh C hepatocytes and their expression was

correlated to the degree of hepatocyte dysfunction.
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In order to understand further the role of these identified Transcriptional Factors and
Regulators on HNF4a nuclear expression and location, human hepatocyte cell lines were
gene edited using CRISPR/Cas9 to knockout (KO) the expression of either PROX1 or
NRS5A2 or NROB2 or MTF1 or SREBP1 or EP300 and POM121C (Figure 15A-B). It was
found that by KO of PROX1, NR5A2, NROB2, MTF1, SREBP1, EP300 or POM121C
caused a significant reduction of HNF4a nuclear expression (Figure 15A). Especially high
non-nuclear expression of HNF4a was observed when PROX1 or SREBP1 was KO.
Expression of HNF4a in the cytoplasm was similarly identified in previous studies on
human hepatocytes with terminal liver failure. Moreover, in order to test the effect of
HNF4q alone or in combination with either PROX1 or NR5A2 or NROB2 or MTF1 or
SREBP1 or POM121C to induced nuclear expression of HNF4q, treatment was performed
on human hepatocytes isolated from an explanted liver of a patient with terminal liver
failure due to NASH undergoing liver transplantation (Figure 16). Ninety six hours after
treatment with either HNF4a-AAYV alone, about 1-fold increase was found in nuclear
expression of HNF4a compared to control (GFP-AAV). However, when HNF40-AAV
treatment was combined with either PROX1-AAYV or NR5A2-AAV or NROB2-AAV or
MTF1-AAYV or SREBP1-AAV or POM121C-AAV, all combinations induced significantly
nuclear expression of HNF4a (Figure 16), especially when the combination involved
HNF4a plus PROX1 or SREBP1.

Thus, this study demonstrates that Transcriptional Factors and Regulators PROXI,
NR5A2, NROB2, MTF1, SREBP1, EP300 and POM121C improve nuclear expression of
HNF4a in cirrhotic hepatocytes with terminal liver failure. Moreover, this result shows that
every combination that involves HNF4a with one or more than one Transcriptional Factors
and Regulators (PROX1 or NR5A2 or NROB2 or MTF1 or SREBP1 or EP300 and
POM121C) enhances the nuclear expression of HNF4a and its reprogramming abilities to

treat terminal liver failure.
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CLAIMS

‘What is claimed is:

1.

A method of treating a liver disease in a subject in need thereof comprising
administering to the subject a composition, wherein the composition increases an amount
or function of one or more transcription factors selected from the group consisting of

PROX1, NR5A2, NROB2, MTF1, SREBP1, EP300, and POM121C.

The method of claim 1, wherein the composition is a vector, and wherein the vector
comprises one or more nucleic acids that encode the one or more of PROX1, NRSA2,

NROB2, MTF1, SREBP1, EP300, and POM121C.

The method of claim 1, wherein the composition is a vector, and wherein the vector

comprises one or more nucleic acids that encode the PROX1 and/or SREBP1.

The method of any one of claims 1-3, wherein the one or more nucleic acids are a DNA

or a mRNA.

The method of any one of claims 1-4, wherein the administration of the composition

increases an amount of HNF4a in a nucleus of a hepatocyte in the subject.

The method of any one of claims 1-5, wherein the administration of the composition

does not increase a total amount of HNF4a in the hepatocyte.

The method of any one of claims 1-6, wherein the administration of the composition

increases a total amount of HNF4a in the hepatocyte.

The method of any one of claims 1-7, wherein the vector further comprises a nucleic acid

that encodes HNF4q.

The method of any one of claims 1-7, further comprising administering to the subject a

vector that comprises a nucleic acid that encodes HNF4q.

10. The method of claim & or 9, wherein the nucleic acid encodes HNF4a isoform 2 (P1).
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11. The method of claim 8 or 9, wherein the nucleic acid that encodes HNF4a comprises

SEQ ID NO:1.

12. The method of any one of claims 1-11, wherein the liver disease is liver fibrosis, liver

cirrhosis, liver cancer, or end-stage liver disease.

13. The method of any one of claims 1-12, wherein the liver disease is liver cirrhosis.

14. The method of any one of claims 1-13, wherein the subject is a human.

15. A method of treating a liver disease in a subject in need thereof comprising
administering to the subject a composition, wherein the composition decreases an
amount or suppresses a function of one or more transcription factors selected from the

group consisting of DNAJB1/HSP40, ATF6, ATF4, and PERK.

16. The method of claim 15, wherein the composition is a nucleic acid.

17. The method of claim 16, wherein the nucleic acid is a DNA or a RNA.

18. The method of any one of claims 15-17, wherein the administration of the nucleic acid

increases an amount of HNF4a in a nucleus of a hepatocyte in the subject.

19. The method of any one of claims 15-18, wherein the administration of the composition

does not increase a total amount of HNF4a in the hepatocyte.

20. The method of any one of claims 15-19, wherein the administration of the composition

increases a total amount of HNF4a in the hepatocyte.

21. The method of any one of claims 15-20, wherein the composition further comprises a

nucleic acid that encodes HNF4q.

22. The method of any one of claims 15-21, further comprising administering to the subject a

vector that comprises a nucleic acid that encodes HNF4q.

23. The method of claim 21 or 22, wherein the nucleic acid encodes HNF4a isoform 2.
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24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

The method of claim 21 or 22, wherein the nucleic acid that encodes HNF4a comprises

SEQ ID NO:1.

The method of any one of claims 15-24, wherein the liver disease comprises liver

fibrosis, liver cirrhosis, liver cancer, or an end-stage liver disease.

The method of any one of claims 15-25, wherein the subject is a human.

A composition comprising a vector, wherein the vector comprises one or more nucleic

acids that encode one or more transcription factors selected from the group consisting of
PROX1, NR5A2, NROB2, MTF1, SREBP1, EP300, and POM121C, and functional

fragments thereof.

The composition of claim 27, further comprising another vector comprising a nucleic

acid that encodes HNF4q.

The composition of claim 28, wherein the nucleic acid that encodes HNF4a comprises

SEQ ID NO:1.

A method of treating a liver disease in a subject in need thereof comprising
administering to the subject a vector that comprises nucleic acid encodes HNF4a isoform

2.

The method of claim 30, wherein the nucleic acid comprises SEQ ID NO:1.

The method of claim 30 or 31, wherein the liver disease is liver fibrosis, liver cirrhosis,

liver cancer, or an end-stage liver disease.

The method of claim 32, wherein the liver disease is liver cirrhosis.

The method of any one of claims 30-33, wherein the subject is a human.
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Y14 Reduced transactivation 22308320
878 Redused transactivation 17389748
ST Deoreases DNA hinding 1T 3RUT48
5133 Decreases DNA binding 263062721
$134 Decreases DNA binding 28186117
$142 Transcriptional inhibition 28166117
8143 Transcriptional Inhibition 28198147
\ 5158 Sta‘biiizes m\;g binding and 16351573
Fhospharyiation ransactivation
166 Transcriptional Inhibilion 21708125
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TZ88 Transcriptional inhibition 22308320
8304 Reduced binding and dimerization 12740371
8313 Trangeriptional inhibition 12740871
. K106 SBtabilizes DNA Binding 10882110
Agetylation K458 Transcriptional Inhibition 21708185
it K385 Protein Stability 22505818
Sumoylation D367 Protein Stability 22505616
K234 Protein degradation 25700366
Ubiguitination K307 Protein degradation 25700368
K309 Protein degradalion 25700366
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SUPPLEMENTARY TABLE 2. Spearman correlation to P-AKT (Thr308)/AKT.
p-AKT (Thr308/AKT

Genes
r p-values

EGFR 0.02 0.982
cMET 0.80 0.014
Total AMPKa .08 0.843
p-AMPKa {Thr172) -0.20 0613
p-AMPKa (Thr172)/AMPK -0.20 0.613
Total AKT 0.71 0.037
p-AKT (Serd73) -0.32 0.410
R-AKT (SerdT3VAKT -0.41 0.086

B SUPPLEMENTARY TABLE 3. Spearman correlation to P-AKT (Serd73)/AKT.
p-AKT (Serd73YAKT

Genes
r p-values

EGFR .23 0.56
cMET -0.36 0.35

Total AMPKa 0.93 <0.0001

p-AMPKa (Thri72) 0.94 <0.0001
p-AMPKa (Thr172)/AMPK 0.71 0.032
Total AKT -0.04 0.819
p-AKT {Thr308) -0.32 0.394
p-AKT (Thr308)/AKT -0.41 0268

Figures 6A-6B
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--continued from: Box No. Il Observations where unity of invention is lacking--

Group I+, claims 1-4, 15-18, 30-33, directed to a method of treating a liver disease in a subject in need thereof comprising administering
a composition that modulates an amount or function of one or more transcription factors, comprising or consisting of a transcription
factor modulating agent. The method will be searched to the extent that the transcription factor modulation encompasses increasing an
amount or function of PROX1, and the transcription factor modulating agent encompasses a vector comprising a nucleic acid that
encodes PROX1. It is believed that claims 1-4 encompass this first named invention, and thus these claims will be searched without fee
to the extent that the transcription factor modulation encompasses increasing an amount or function of PROX1, and the transcription
factor modulating agent encompasses a vector comprising a nucleic acid that encodes PROX1. Additional transcription factor
modulation(s) and/or modulating agent(s) will be searched upon the payment of additional fees. Applicants must specify the claims that
encompass any additionally elected transcription factor modulation(s) and/or modulating agent(s). Applicants must further indicate, if
applicable, the claims which encompass the first named invention, if different than what was indicated above for this group. Failure to
clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will resuit in only the first claimed invention to
be searched. An exemplary election would be increasing an amount or function of NRSA2, where the transcription factor modulating
agent encompasses a vector comprising a nucleic acid that encodes NR5SA2, (claims 1, 2, 4).

Group I, claims 27-29, directed to a composition comprising a vector.

The inventions listed as Groups |+ and Il do not relate to a single special technical feature under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special technical features
Group I+ has the special technical feature of a method of treating a liver disease in a subject, that is not required by Group II.
Group Il has the special technical feature of a composition comprising or consisting of a vector, that is not required by Group I+.

The inventions of Group I+ each include the special technical feature of different transcription factor modulation, and/or different
transcription factor modulating agent, and is considered a distinct technical feature.

Common technical features

The inventions of Group I+ and Group Il share the common technical feature of a composition comprising a vector, wherein the vector
comprises one or more nucleic acids that encode one or more transcription factors selected from the group consisting of PROX1,
NR5A2, NROB2, MTF1, SRESP1, EP300, and POM121C, and functional fragments thereof.

The inventions of Group I+ further share the common technical feature of a method of treating a liver disease in a subject in need
thereof comprising administering to the subject a composition, wherein the composition modifies a function of one or more transcription
factors.

The feature shared by Groups I+ and |i and the feature shared by the inventions listed as Group |+ are taught by US 2018/0057839 A1
to the Regents of the University of California (hereinafter ‘UC').

UC teaches a method of treating a liver disease in a subject in need thereof comprising administering to the subject a composition (para
[0017] "a method of treating and/or preventing liver fibrosis in a subject in need thereof comprising: administering a therapeutic or
prophylactically effective amount of the pharmaceutical composition"; [0099]), wherein the composition increases an amount or function
of one or more transcription factors selected from the group consisting of PROX1, NR5A2, NROB2, MTF1, SREBP1, EP300, and
POM121C (para [0005] "a viral vector comprising...a second nucleic acid sequence that encodes one or more transcription factors
selected from the group consisting of thereof chosen from: FOXA1, FOXA2, FOXA3, HNF1.alpha., HNF6, GATA4, HLF, CEBPA,
PROX1, ATF5A"; [0008] "pharmaceutical composition comprising one or a plurality of viral vectors comprising at least one or a plurality
of nucleic acid sequences encoding one or a combination of any of the transcription factors disclosed herein”; [0099] "Genetic diseases
which may be treated with vectors and/or methods of the present invention include those in which long-term expression of the
therapeutic nucleic acid is desired. This includes chronic liver disease, cirrhosis, liver cancer, and liver fibrosis"), the compaosition
comprising a vector, wherein the vector comprises one or more nucleic acids that encode one or more transcription factors selected from
the group consisting of PROX1, NR5A2, NROB2, MTF1, SRESP1, EP300, and POM121C, and functional fragments thereof (para
[0005] “a viral vector comprising...the one or more nucleic acid molecules comprise: a first nucleic acid sequence that encodes
HNF4.alpha. or a functional fragment thereof; and a second nucleic acid sequence that encodes one or more transcription factors
selected from the group consisting of thereof chosen from: FOXA1, FOXA2, FOXA3, HNF1.alpha., HNF6, GATA4, HLF, CEBPA,
PROX1, ATF5A").

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Group 1+ and Il inventions lack unity under PCT Rule 13 because they do not share the same or corresponding special
technical feature.

NOTE, continuation of number 4 above: claims 5-14, 19-26, 34 are held unsearchable because they are dependent claims and are not
drafted in accordance with the second and third sentences of Rule 6.4(a).
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INTERNATIONAL SEARCH REPORT International application No.
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Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. [:l Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. l:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningfu! international search can be carried out, specifically:

3. % Claims Nos.: 5-14, 19-26, 34
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

--continued on extra sheet--

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-4, limited to increasing PROX1, and a vector with nucleic acid encoding PROX1

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.
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