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ADENOVIRUS AD36 E4ORF1 PROTEIN FOR PREVENTION AND 

TREATMENT OF NON-ALCOHOLIC FATTY LIVER DISEASE 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0011 The present application claims the benefit of U.S. Provisional Patent 

Application Serial No. 61/362,443, entitled "Adenovirus Ad36 E4orfl Protein for 

Prevention and Treatment of Non-alcoholic Fatty Liver Disease," filed on July 8, 

2010, which is hereby incorporated by reference in its entirety for all purposes.  

GOVERNMENT FUNDING 

[0021 The development of this invention was partially funded by the 

Government under a grant from the National Institutes of Health, grant no. RO 1 

DK066164. The Government has certain rights to this invention.  

BACKGROUND 

[003] The liver has a predominate role in fat metabolism and normally 

accumulates lipids (fat), but only to "normal levels." Excessive lipid accumulation in 

hepatocytes results in hepatic steatosis, which is metabolically harmful and can result 

from a variety of liver dysfunctions, such as decreased beta-oxidation or decreased 

secretion of lipoproteins. Another of the many functions of the liver is to release 

glucose into the circulation. In healthy individuals, liver cells release glucose 

regularly to regulate blood glucose levels. In contrast, in individuals with diabetes, 

liver cells release glucose uncontrollably, which increases blood glucose levels.  

Therefore, reducing glucose release from liver cells (hepatocytes) can be very 

effective in controlling diabetes.  

[004] Excessive lipid accumulation in the liver may contribute to insulin 

resistance, and thus poor glycemic control. Adiponectin, a protein secreted by fat 

tissue (adipose tissue) improves insulin sensitivity in many ways. Adiponectin acts 
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via adiponectin receptors AdipoR1 and AdipoR2 to activate AMPK and PPARn 

pathways (32), to decrease systemic and hepatic insulin resistance, and to attenuate 

liver inflammation and fibrosis (32). It is a strong determinant of hepatic lipid content, 

as indicated by mice models of adiponectin KO or over-expression (14, 33).  

Adiponectin lowers hepatic steatosis by the up-regulation of AMPK-mediated hepatic 

lipid oxidation(34).  

[005] Non-alcoholic fatty liver disease (NAFLD) affects up to 20% of adults 

in the U.S., and includes the excessive accumulation of fat in the liver (hepatic 

steatosis). It is often associated with obesity and insulin resistance (1, 2). The 

prevalence of NAFLD is about 70-80% in adults with type 2 diabetes or obesity (3-5), 

3-10%, in all children, and up to 40-70% in obese children (4). NAFLD is associated 

with greater overall and liver-related mortality (6, 7). In addition to steatosis, 

inflammation and fibrosis can develop and NAFLD may progress to non-alcoholic 

steato-hepatitis (NASH), cirrhosis, liver failure and hepatocellular carcinoma. While 

steatosis is potentially reversible, once it progresses to NASH, there are no established 

treatments, and the few available medications show limited success (8, 9). Therefore, 

the timely prevention and/or treatment of hepatic steatosis is critical. However, even 

for NAFLD, drug treatment has marginal success (10), and reducing dietary fat intake 

and obesity are the mainstay of treatment (11). Despite the obvious health benefits, 

compliance with lifestyle changes to achieve sustained improvements in diet or 

obesity has proved challenging for the general population.  

[006] While excess adiposity or a high fat (HF)-diet are risk factors for 

NAFLD, Adenovirus 36 (Ad36) attenuates hepatic steatosis in mice despite a 

continued HF-diet and without a reduction in visceral or subcutaneous adiposity.  

Ad36 appears to qualitatively engineer existing adipose tissue to attenuate HF-diet 

induced hepatic steatosis. This change in metabolic quality of adipose tissue by Ad36 

includes greater uptake and reduced release of fatty acids and greater adiponectin 

secretion (12, 13). This unique capability of Ad36 offers a remarkable model to 

creatively negate the ill effects of excess adiposity or excess dietary fat intake, 
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without the need to reduce it. Thiazolidinediones (TZDs) class of drugs can also 

improve metabolic quality of adipose tissue, up-regulate adiponectin, and improve 

hepatic steatosis (14-16). Serious side effects of TZDs have been reported (17-19).  

[007] Ad36 does not cause morbidity or unintended mortality in animals. In 

addition, Ad36 appears to have distinct advantages over the action of the TZDs, 

particularly in the presence of a HF-diet. Unlike the TZDs Ad36 does not increase 

adiposity in HF-fed mice (20, 21). In the presence of a HF-diet, TZDs can improve 

glycemic control, but they concurrently promote lipid storage in various organs, 

including the liver (20, 22, 23). This limits the scope of TZDs, if fat intake is not 

reduced. Due to its dietary-fat and adiposity-independent effects, potential action of 

Ad36 on multiple metabolic pathways may offer a novel anti-steatosis approach that 

is clinically more attractive, and, therefore, potentially more effective.  

[008] Harnessing certain properties of viruses for beneficial purposes has 

been creatively used for several years, including the use of bactericidal properties of a 

bacteriophage virus (27), the oncolytic ability of a mutant adenovirus (28), or the use 

of Herpes simplex virus and several other viruses for the treatment of cancers (29), 

alone, or with various synergistic drugs (30, 31).  

[009] Therefore, agents to lower hepatic steatosis independent of adiposity or 

dietary fat intake would be extremely attractive and of practical benefit.  

SUMMARY OF THE INVENTION 

[010] The invention relates to the discovery that Ad36 infection is associated 

with decreased incidence of liver pathology and dysfunction, and that the Ad36 

E4orfl protein can be used to alter gene expression and biochemical pathways that 

result in improved liver function.  

[011] The invention generally relates to methods of treating or preventing the 

symptoms of non-alcoholic fatty liver disease in an individual. In some aspects, the 
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method comprises administering to the individual a therapeutically effective amount 

of Adenovirus-36 E4orfl protein, wherein the individual's symptoms improve 

following the administration.  

[012] The invention also relates to methods of reducing excessive fat in the 

liver in an individual. In some aspects, the method comprises administering to the 

individual a therapeutically effective amount of Adenovirus-36 E4orf1 protein, 

wherein the fat in the liver is lowered following the administration.  

[013] The invention also relates to methods of improving glycemic control in 

an individual. In some aspects, the method comprises administering to the individual 

a therapeutically effective amount of Ad36 E4orfl protein, wherein insulin sensitivity 

is increased following the administration.  

[014] The invention also relates to methods of treating or preventing liver 

dysfunction, characterized by fatty liver and/or insulin resistance. In some aspects, 

the method comprises administering to the individual a therapeutically effective 

amount of Ad36 E4orfl protein, wherein liver fat accumulation is improved following 

the administration. The improvement of liver fat accumulation can be characterized 

by increased lipid oxidation or increased transport of lipid from the liver.  

[015] The invention also relates to methods of reducing or preventing NASH.  

In some aspects, the method comprises administering to the individual a 

therapeutically effective amount of Ad36 E4orfl protein, wherein hyperglycemia 

resulting from hepatic dysfunction is reduced.  

[016] The amino acid sequence of the Adenovirus-36 E4orfl protein can be 

SEQ ID NO:2 or functional variants thereof. The nucleic acid sequence of the 

Adenovirus-36 E4orfl can comprise SEQ ID NO: 1 or functional variants thereof.  

The individual can be a human.  

DM_US 29284595-1.071176.0030
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[016A] In one aspect, the invention relates to a method of treating or preventing the 

symptoms of non-alcoholic fatty liver disease in an individual, said method comprising 

administering to the individual a therapeutically effective amount of Adenovirus-36 E4orf 1 

protein, wherein said protein is SEQ ID NO: 2, SEQ ID NO:4 or functional variant thereof, 

wherein said functional variant has at least 85% sequence identity to SEQ ID NO:2 or SEQ 

ID NO:4, or a nucleic acid encoding Adenovirus-36 E4orfl, wherein said nucleic acid is 

SEQ ID NO: 1 or SEQ ID NO:3 or functional variant thereof, wherein said functional 

variant has at least 85% sequence identity to SEQ ID NO:1 or SEQ ID NO:3, wherein the 

individual's symptoms improve following said administration.  

[016B] In another aspect, the invention relates to a method of reducing excessive 

fat from the liver in an individual, said method comprising administering to the individual 

a therapeutically effective amount of Adenovirus-36 E4orf 1 protein, wherein said protein 

is SEQ ID NO:2, SEQ ID NO:4 or functional variant thereof, wherein said functional 

variant has at least 85% sequence identity to SEQ ID NO:2 or SEQ ID NO:4, wherein the 

fat in the liver is lowered following said administration.  

[016C] In another aspect, the invention relates to a method of improving glycemic 

control in an individual, said method comprising administering to said individual a 

therapeutically effective amount of Ad36 E4orfl protein, wherein said protein is SEQ ID 

NO:2, SEQ ID NO:4, or functional variant thereof, wherein said functional variant has at 

least 85% sequence identity to SEQ ID NO:2 or SEQ ID NO:4, wherein insulin sensitivity 

is increased following said administration.  

[016D] In another aspect, the invention relates to a method of treating or preventing 

liver dysfunction characterized by fatty liver and insulin resistance in an individual, said 

method comprising administering to said individual a therapeutically effective amount of 

Ad36 E4orf 1 protein, wherein said protein is SEQ ID NO: 2, SEQ ID NO:4 or functional 

variant thereof, wherein said functional variant has at least 85% sequence identity to SEQ 

ID NO:2 or SEQ ID NO:4, wherein liver fat accumulation is improved following said 

administration.
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[016E] In another aspect, the invention relates to a method of reducing or 

preventing non-alcoholic steato-hepatitis (NASH) in an individual, said method 

comprising administering to the individual a therapeutically effective amount of Ad36 

E4orf 1 protein wherein said protein is SEQ ID NO:2, SEQ ID NO:4 or functional variant 

thereof, wherein said functional variant has at least 85% sequence identity to SEQ ID 

NO:2 or SEQ ID NO:4, wherein the occurrence of NASH is reduced or prevented.  

[016F] In another aspect, the invention relates to use of Adenovirus-36 E4orf 1 

protein, wherein said protein is SEQ ID NO: 2, SEQ ID NO:4 or functional variant thereof, 

wherein said functional variant has at least 85% sequence identity to SEQ ID NO:2 or SEQ 

ID NO:4, or a nucleic acid encoding Adenovirus-36 E4orfl, wherein said nucleic acid is 

SEQ ID NO: 1 or SEQ ID NO:3 or functional variant thereof, wherein said functional 

variant has at least 85% sequence identity to SEQ ID NO:1 or SEQ ID NO:3, in the 

manufacture of a medicament for treating or preventing the symptoms of non-alcoholic 

fatty liver disease in an individual.  

[016G] In another aspect, the invention relates to use of Adenovirus-36 E4orf 1 

protein, wherein said protein is SEQ ID NO:2, SEQ ID NO:4 or functional variant thereof, 

wherein said functional variant has at least 85% sequence identity to SEQ ID NO:2 or SEQ 

ID NO:4, in the manufacture of a medicament for reducing excessive fat from the liver in 

an individual.  

[016H] In another aspect, the invention relates to use of Ad36 E4orf 1 protein, 

wherein said protein is SEQ ID NO:2, SEQ ID NO:4, or functional variant thereof, 

wherein said functional variant has at least 85% sequence identity to SEQ ID NO:2 or SEQ 

ID NO:4, in the manufacture of a medicament for improving glycemic control in an 

individual.  

[0161] In another aspect, the invention relates to use of Ad36 E4orfl protein, 

wherein said protein is SEQ ID NO: 2, SEQ ID NO:4 or functional variant thereof, 

wherein said functional variant has at least 85% sequence identity to SEQ ID NO:2 or SEQ 

ID NO:4, in the manufacture of a medicament for treating or preventing liver dysfunction 

characterized by fatty liver and insulin resistance in an individual.
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[016J] In another aspect, the invention relates to use of Ad36 E4orfl protein 

wherein said protein is SEQ ID NO:2, SEQ ID NO:4 or functional variant thereof, wherein 

said functional variant has at least 85% sequence identity to SEQ ID NO:2 or SEQ ID 

NO:4, in the manufacture of a medicament for reducing or preventing non-alcoholic steato

hepatitis (NASH) in an individual.
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[017] The Adenovirus-36 E4orfl protein can be administered to the 

individual by introducing into the individual a nucleic acid molecule encoding the 

Adenovirus-36 E4orfl protein, in a manner permitting expression of the Adenovirus

36 E4orfl protein. The nucleic acid sequence can be introduced by using any suitable 

method. Many suitable methods are conventional in the art, such as electroporation, 

DEAE Dextran transfection, calcium phosphate transfection, cationic liposome fusion, 

proptoplast fusion, creation of an in vivo electric field, DNA-coated microprojectile 

bombardment, injection with recombinant replication-defective viruses, homologous 

recombination, in vivo gene therapy, ex vivo gene therapy, nanoparticle delivery, 

viral vectors, and naked DNA transfer.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0181 FIG. 1 is a graph showing weights of retroperitoneal fat pad 

and liver in chow-fed mice.  

[0191 FIG. 2 is a graph showing body weight of high fat (HF)-fed 

mice.  

[0201 FIG. 3A is a graph showing the fasting serum glucose of chow

fed mice. FIG. 3B is a graph showing the serum insulin of chow-fed mice. FIG.  

3C is a graph showing the change in fasting serum glucose levels in HF-fed mice.  

FIG. 3D is a graph showing the change in fasting serum insulin in HF-fed mice.  

FIG. 3E is a graph showing the results of a glucose tolerance test 12 weeks post 

infection in HF-fed mice. FIG. 3F is a graph showing free-fed serum glucose - 20 

weeks post infection in HF-fed mice.  

[0211 FIG. 4A is a graph showing the fasting serum glucose of HF

fed mice. FIG. 4B is a graph showing free-fed serum glucose of HF-fed mice 20 

weeks post infection.  

DM_US 29284595-1.071176.0030



WO 2012/006512 PCT/US2011/043338 

DOCKET NO. 071176-0030 

6 

[0221 FIG. 5A is a Western blot showing protein abundance in 

skeletal muscle of HF-fed mice. FIG. 5B is a Western blot showing protein 

abundance in adipose tissue of HF-fed mice. FIG. 5C is a Western blot showing 

protein abundance in livers of HF-fed mice.  

[0231 FIG. 6A is a panel of Periodic acid-Schiff stain of liver tissue 

of C57Bl/6J mice. Dark stain shows glycogen and the white areas indicate lipid 

accumulation. Chow fed control mice show minimal lipid accumulation. The HF

fed groups showed greater lipid accumulation. However, Ad36, but not Ad2, 

significantly attenuated HF-diet induced steatosis, as indicated by lower lipid 

accumulation and greater glycogen (HF-fed Mock infected vs HF-fed Ad36 

infected; p<.02). FIG. 6B is a graph showing the glycogen content of the liver 

sections of the HF-fed mice. FIG. 6C is a graph showing the lipid content of the 

liver sections of HF-fed mice.  

[0241 FIG. 7 shows Western blots using adipose tissue proteins from 

HF-fed mice killed in free fed state 20wk post infection. (3 mice/group). FIG. 7A: 

GAPDH was loading control. Compared to Mock, phospho-AKT, Glut1, Glut 4 & 

adiponectin were greater for Ad36 group (p<.05), but not for Ad2. FIG. 7B: 

Compared to Mock, each of the adiponectin oligomers assayed under non

reducing, non-denaturing conditions were greater for Ad36,(p<.03) but not for 

Ad2.  

[0251 FIG. 8 shows Western blots using liver proteins of HF-fed mice.  

Compared to Mock, p-AMPK was greater and Glut2 and G6pase were lower for 

Ad36 (p<.05), but not Ad2.  

[0261 FIGS. 9A and 9B are graphs showing fasting blood glucose (A) 

and fasting serum insulin (B) at baseline (week 0) and up to 12 weeks post 

infection in chow-fed mice. *p<.05 vs to Mock.  

DM_US 29284595-1.071176.0030
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[0271 FIGS. 10A-D are graphs showing serum glucose and insulin 

time course in Ad36, Ad2 or mock groups post infection in mice on HF diet. (A) 

Weeks 4 and 8: fasting serum glucose adjusted to baseline (week 0). (B): Week 

12: i.p. glucose tolerance test after 2.5 mg/g body weight. (C): Week 20: free-fed 

glucose. (D): change in fasting insulin from week 0. *p<.05 or less, compared to 

Mock of respective studies.  

[0281 FIGS. 11 A-C are graphs showing E4orfl expression 

significantly increased basal 2DG glucose uptake in 3T3-Li (A) preadipocytes, 

(B) adipocytes and (C) C2C12 myoblasts. FIG. 1ID is a graph showing E4orfl 

expression significantly reduced glucose output by HepG2 cells under basal as 

well as insulin stimulated conditions.  

DETAILED DESCRIPTION 

OVERVIEW 

[0291 The invention relates to the discovery that Ad36 infection is 

associated with decreased incidence of liver pathology and dysfunction, and that 

the Ad36 E4orfl protein can be used to alter gene expression and biochemical 

pathways that result in improved liver function. Based on these discoveries, non

alcoholic fatty liver disease (NAFLD) can be treated or even prevented by 

administering Ad36 or isolated or recombinant Ad36 E4orfI protein to an 

individual. It is well known in the art that NAFLD frequently progresses to 

NASH therefore by treating or reducing the pathological processes of NAFLD, the 

progression to NASH can be reduced or prevented. Accordingly, the invention 

also includes a method for reducing or preventing NASH. While many viruses 

cause serious liver injury (25, 26), Ad36 and Ad36 E4orfl surprisingly protect the 

DM_US 29284595-1.071176.0030
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liver by favorably modulating multiple metabolic pathways, thereby having a 

beneficial effect on hepatic steatosis and liver function.  

[0301 As used herein, "glycemic control" refers to the ability of the 

body to keep glucose levels within the normal range. Glycemic control is 

improved when insulin sensitivity increases. Insulin resistance has the opposite 

effect on glycemic control.  

[0311 As used herein, "glucose uptake" refers to the amount of 

glucose a cell will take in from its surroundings. Generally a higher glucose 

uptake by muscle cells or fat cells (adipocytes and preadipocytes), is beneficial, as 

it clears the glucose from circulation and improves hyperglycemia (higher than 

normal glucose in the blood).  

[0321 A link between natural Ad36 infections of humans and better 

glycemic control and lower hepatic lipid was discovered. This link was further 

investigated in animal models, and the results confirmed that Ad36 infection 

unexpectedly lowered hepatic lipid levels and improved glycemic control. Further 

investigation revealed that the Ad36 effect is mediated by the Ad36 E4orfl 

protein. As described herein, the results of the studies conducted demonstrate that 

the Ad36 E4orfl protein increased fat oxidation in the liver, increased transport of 

fat from the liver and reduced glucose release from the liver. Thus, the inventors 

have discovered that the viral protein, Ad36 E4orfl, is responsible for the 

protective effect of Ad36 on NAFLD, and beneficial effects on liver function and 

glycemic control. The Ad36 E4orfl structure and certain metabolic functions are 

described in International application no. PCT/US2006/045919, published as 

International publication no. WO 2007/064836 on June 7, 2007.  

[0331 As shown herein, E4orfl protein of Ad36 is the mediator of 

protective effect of the Ad36 virus on hepatic steatosis. Ad36 infected mice 

continue to express E4orfl gene in their livers, even 5 months post infection.  

These livers show significantly lower lipid accumulation, and greater expression 

DM_US 29284595-1.071176.0030
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of genes that promote lipid oxidation and lipid export. In addition, Ad36 E4orfl 

up-regulates adiponectin, and transfection of HepG2 cells (hepatocyte cell line) 

with Ad36 E4orfl down regulates Glut2 abundance, and glucose release 

[0341 Without wishing to be bound by any particular theory, it is 

believed that adiponectin is a key effecter of hepatic steatosis and is secreted by 

adipose tissue. Expression of Ad36 E4orfl protein alone, robustly increases 

adiponectin secretion by cells. This demonstrates that Ad36 lowers hepatic lipid 

accumulation via E4orfl mediated upregulation of adiponectin. Also, Ad36 

E4orfl down regulates Glut2 abundance, and glucose release, which may 

contribute to lower lipid accumulation in the liver. Thus, it is believed that Ad36 

protects from hepatic steatosis by direct effects on hepatocytes and via indirect 

effects through adiponectin, and that the E4orf1 protein is the mediator of these 

effects.  

Therapeutic Methods 

[0351 The invention provides therapeutic methods for treating or 

preventing NAFLD, reducing excessive fat from the liver, improving glycemic 

control and treating or preventing liver dysfunction.  

[0361 In one aspect, the invention provides methods for the treatment 

and prophylaxis of symptoms of non-alcoholic fatty liver disease (NAFLD). A 

therapeutically effective amount of an Ad36 composition is administered to an 

individual (e.g., a mammal, such as a human or other primate) in need thereof to 

treat or prevent NAFLD.  

[0371 In one aspect, the invention provides methods for the 

prevention of NASH. A therapeutically effective amount of an Ad36 composition 

is administered to an indivudal (e.g., a mammal, such as a human or other 

primate) in need thereof to prevent NASH by reducing hyperglycemia resulting 

from hepatic dysfunction 

DM_US 29284595-1.071176.0030
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[0381 In one aspect, the invention provides methods for reducing 

excessive fat from the liver of an individual (e.g., a mammal, such as a human or 

other primate). A therapeutically effective amount of an Ad36 composition is 

administered to an individual in need thereof to reduce excessive fat from the liver 

of the individual.  

[0391 In one aspect, the invention provides methods for improving 

glycemic control in an individual (e.g., a mammal, such as a human or other 

primate). A therapeutically effective amount of an Ad36 composition is 

administered to an individual in need thereof to improve glycemic control in the 

individual.  

[0401 In one aspect, the invention provides methods for treating or 

preventing liver dysfunction, characterized by fatty liver and/or insulin resistance.  

A therapeutically effective amount of an Ad36 composition is administered to an 

individual (e.g., a mammal, such as a human or other primate) in need thereof to 

treat or prevent liver dysfunction, characterized by fatty liver and/or insulin 

resistance.  

[0411 In preferred embodiments of any of the methods described 

herein, the Ad36 composition that is administered is an isolated or recombinant 

Ad36 E4orfl protein or functional variant thereof. In other embodiments of any 

of the methods described herein, the Ad36 composition that is administered is an 

isolated or recombinant nucleic acid that encodes Ad36 E4orfl protein or 

functional variant thereof 

Ad36 Compositions 

[0421 The Ad36 composition administered in accordance with the 

invention can have a variety of forms. Preferably, the composition comprises 

E4orfl or a functional variant thereof. For example, the Ad36 composition can be 

the Ad36 virus or an attenuated variant, or an inactivated form of Ad36, such as a 

heat-killed or bleach-killed Ad36 or a replication deficient recombinant Ad36.  
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The Ad36 composition can comprise an isolated or recombinant Ad36 protein, 

preferably the E4orfl protein or a functional variant thereof. The Ad36 

composition can comprise a nucleic acid encoding the E4orfl protein or a 

functional variant thereof. The Ad36 composition can comprise an analog of 

E4orfl protein, for example a chemical analog or structural analog.  

Proteins and Peptides 

[0431 The Ad36 composition can comprise an isolated or 

recombinant Ad36 protein, preferably the E4orfl protein or a functional variant 

thereof.  

[0441 Proteins or polypeptides referred to herein as "isolated" are 

proteins or polypeptides purified to a state beyond that in which they exist in 

infected mammalian cells. Ad36 proteins, including E4orfl and functional 

variants thereof, can be produced using well-known methods, such as recombinant 

expression and purification, chemical synthesis (e.g., synthetic peptides), or by 

combinations of biological and chemical methods, and recombinant proteins or 

polypeptides which are isolated. The proteins can be obtained in an isolated state 

of at least about 50% by weight, preferably at least about 75% by weight, and 

more preferably, in essentially pure form. Proteins or polypeptides referred to 

herein as "recombinant" are proteins or polypeptides produced by the expression 

of recombinant nucleic acids.  

[0451 As used herein "Ad36 E4orfl" refers to naturally occurring or 

endogenous E4orfl proteins from Adenovirus 36, to proteins having an amino 

acid sequence which is the same as that of a naturally occurring or endogenous 

corresponding Ad36 E4orfl (e.g., recombinant proteins), and to functional 

variants of each of the foregoing (e.g., functional fragments and/or mutants 

produced via mutagenesis and/or recombinant techniques). Accordingly, as 

defined herein, the term includes mature Ad36 E4orfl, glycosylated or 

unglycosylated Ad36 E4orfl proteins, polymorphic or allelic variants, and other 
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isoforms of Ad36 E4orfl (e.g., produced by alternative splicing or other cellular 

processes), and functional fragments.  

[0461 "Functional variants" of Ad36 E4orfl include functional 

fragments, functional mutant proteins, and/or functional fusion proteins.  

Generally, fragments or portions of Ad36 E4orfl encompassed by the present 

invention include those having a deletion (i.e., one or more deletions) of an amino 

acid (i.e., one or more amino acids) relative to the mature Ad36 E4orfl (such as 

N-terminal, C-terminal or internal deletions). Fragments or portions in which 

only contiguous amino acids have been deleted or in which non-contiguous amino 

acids have been deleted relative to mature Ad36 E4orfl are also envisioned.  

Generally, mutants or derivatives of Ad36 E4orfl, encompassed by the present 

invention include natural or artificial variants differing by the addition, deletion 

and/or substitution of one or more contiguous or non-contiguous amino acid 

residues, or modified polypeptides in which one or more residues is modified, and 

mutants comprising one or more modified residues. Preferred mutants are natural 

or artificial variants of Ad36 E4orf1 differing by the addition, deletion and/or 

substitution of one or more contiguous or non-contiguous amino acid residues.  

[0471 A "functional fragment or portion" of Ad36 E4orfl refers to an 

isolated and/or recombinant protein or oligopeptide which has at least one 

property, activity and/or function characteristic of Ad36 E4orfl, such as 

attenuating hepatic steatosis, enhancing glucose disposal, and/or improving 

glycemic control.  

[0481 Generally, the Ad36 E4orfl or functional variant has an amino 

acid sequence which is at least about 85% similar, at least about 90% similar, at 

least about 95% similar, at least about 96% similar, at least about 97% similar, at 

least about 98% similar, or at least about 99% similar to SEQ ID NO:2 or SEQ ID 

NO:4 over the length of the variant.  

[0491 In some embodiments, SEQ ID NO:1 or SEQ ID NO:3 are used 

to make purified protein of Ad-36 E4orfl, for example, using currently available 
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recombinant protein production. Amino acid sequence identity can be determined 

using a suitable amino acid sequence alignment algorithm, such as CLUSTAL W, 

using the default parameters. (Thompson J. D. et al., Nucleic Acids Res. 22:4673

4680 (1994).) 

Nucleic Acids and Vectors 

[050] The Ad36 composition can comprise an isolated or 

recombinant nucleic acid or vector encoding a protein of Ad36, preferably the 

E4orfl protein or a functional variant thereof.  

[051] An isolated and/or recombinant (including, e.g., essentially 

pure) nucleic acids having sequences which encode an Ad36 E4orfl protein or 

functional variant thereof can be administered to cause Ad36 E4orfl production in 

situ. Nucleic acids referred to herein as "isolated" are nucleic acids separated 

away from the nucleic acids of the genomic DNA or cellular RNA of their source 

of origin (e.g., as it exists in cells or in a mixture of nucleic acids such as a library), 

and may have undergone further processing. "Isolated" nucleic acids include 

nucleic acids obtained by methods described herein, similar methods or other 

suitable methods, including essentially pure nucleic acids, nucleic acids produced 

by chemical synthesis, by combinations of biological and chemical methods, and 

recombinant nucleic acids which are isolated. Nucleic acids referred to herein as 

"recombinant" are nucleic acids which have been produced by recombinant DNA 

methodology, including those nucleic acids that are generated by procedures 

which rely upon a method of artificial recombination, such as the polymerase 

chain reaction (PCR) and/or cloning into a vector using restriction enzymes.  

"Recombinant" nucleic acids are also those that result from recombination events 

that occur through the natural mechanisms of cells, but are selected for after the 

introduction to the cells of nucleic acids designed to allow and make probable a 

desired recombination event.  
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[0521 Isolated and/or recombinant nucleic acids meeting these criteria 

comprise nucleic acids having sequences identical to sequences encoding 

naturally occurring Ad36 E4orfl and portions thereof, or functional variants of the 

naturally occurring sequences. Such variants include mutants differing by the 

addition, deletion or substitution of one or more residues, modified nucleic acids 

in which one or more residues is modified (e.g., DNA or RNA analogs), and 

mutants comprising one or more modified residues. The sequence can be codon

optimized or codon de-optimized for expression in the individual.  

[0531 In one aspect, the Ad36 E4orfl or functional variant has a 

nucleic acid sequence which is at least about 85% similar, at least about 90% 

similar, at least about 95% similar, at least about 96% similar, at least about 97% 

similar, at least about 98% similar, or at least about 99% similar to SEQ ID NO: 1 

or SEQ ID NO:3 over the length of the variant. Nucleic acid sequence identity 

can be determined using a suitable nucleic acid sequence alignment algorithm, 

such as CLUSTAL W, using the default parameters. (Thompson J. D. et al., 

Nucleic Acids Res. 22:4673-4680 (1994).) 

[0541 The nucleic acid can be in the form of DNA, RNA, and can be 

either single or double stranded. Generally, the nucleic acid is operably linked to 

expression control sequences such as an origin of replication, a promoter, and an 

enhancer (see, e.g., Queen, et al., Immunol. Rev. 89:49-68, 1986). A number of 

suitable vectors for expression of recombinant proteins in desired cells are well

known and conventional in the art. Suitable vectors can contain a number of 

components, including, but not limited to one or more of the following: an origin 

of replication; a selectable marker gene; one or more expression control elements, 

such as a transcriptional control element (e.g., a promoter, an enhancer, a 

terminator), and/or one or more translation signals; and a signal sequence or 

leader sequence for targeting to the secretory pathway in a selected host cell. If 

desired, the vector can include a detectable marker.  
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[0551 In certain embodiments, the expression vectors are used in gene 

therapy. Expression requires that appropriate signals be provided in the vectors, 

and which include various regulatory elements, such as enhancers/promoters from 

both viral and mammalian sources that drive expression of the genes of interest in 

host cells. Elements designed to optimize messenger RNA stability and 

translatability in host cells also are known.  

[0561 There are a number of ways in which expression vectors may 

introduced into cells. In certain embodiments of the invention, the expression 

construct comprises a virus or engineered construct derived from a viral genome.  

The ability of certain viruses to enter cells via receptor-mediated endocytosis, to 

integrate into host cell genome, and express viral genes stably and efficiently have 

made them attractive candidates for the transfer of foreign genes into mammalian 

cells (Ridgeway, 1988; Nicolas and Rubinstein, In: Vectors: A survey of 

molecular cloning vectors and their uses, Rodriguez and Denhardt, eds., 

Stoneham: Butterworth, pp. 494-513, 1988.; Baichwal and Sugden, Baichwal, In: 

Gene Transfer, Kucherlapati R, ed., New. York, Plenum Press, pp. 117-148, 1986.  

1986; Temin, In: Gene Transfer, Kucherlapati, R. ed., New York, Plenum Press, 

pp. 149-188, 1986). Preferred gene therapy vectors are generally viral vectors.  

Administering Ad36 E4orfl 

[0571 A variety of routes of administration are possible including, but 

not necessarily limited to parenteral (e.g., intravenous, intraarterial, intramuscular, 

subcutaneous injection), oral (e.g., dietary), topical, inhalation (e.g., 

intrabronchial, intranasal or oral inhalation, intranasal drops), or rectal.  

[0581 The Adenovirus-36 E4orfl protein can be administered by 

introducing into the mammal a nucleic acid sequence encoding the Adenovirus-36 

E4orfl protein, in a manner permitting expression of the Adenovirus-36 E4orfl 

protein. In such method, the nucleic acid sequence can be introduced by a method 
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selected from the group consisting of electroporation, DEAE Dextran transfection, 

calcium phosphate transfection, cationic liposome fusion, proptoplast fusion, 

creation of an in vivo electric field, DNA-coated microprojectile bombardment, 

injection with recombinant replication-defective viruses, homologous 

recombination, in vivo gene therapy, ex vivo gene therapy, viral vectors, and 

naked DNA transfer.  

[0591 Formulation of an Ad36 composition to be administered will 

vary according to the route of administration selected (e.g., solution, emulsion, 

capsule) and the individual to be treated. An appropriate composition comprising 

the compound to be administered can be prepared in a physiologically acceptable 

vehicle or carrier. For solutions or emulsions, suitable carriers include, for 

example, aqueous or alcoholic/aqueous solutions, emulsions or suspensions, 

including saline and buffered media. Parenteral vehicles can include sodium 

chloride solution, Ringer's dextrose, dextrose and sodium chloride, lactated 

Ringer's or fixed oils. Intravenous vehicles can include various additives, 

preservatives, or fluid, nutrient or electrolyte replenishers (See, generally, 

Remington's Pharmaceutical Science, 16th Edition, Mack, Ed. 1980). For 

inhalation, the compound is solubilized and loaded into a suitable dispenser for 

administration (e.g., an atomizer, nebulizer or pressurized aerosol dispenser), or 

formulated as a respirable dry powder.  

[0601 The Ad36 composition can be administered in a single dose or 

multiple doses. A therapeutically effective amount is administered. A 

therapeutically effective amount is an amount sufficient to produce the intended 

effect under the conditions of administration. For example, an amount that is 

sufficient to increase fat oxidation, increase transport of fat out of the liver, to 

lower Glut2 abundance in the liver, to reduce G6Pase in the liver, to enhance 

adiponectin, and/or Glut4, to improve glycemic control and/or to improve liver 

function can be administered. The appropriate dosage can be determined by a 

clinician of ordinary skill using methods known in the art, which take into 
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consideration the individual's age, sensitivity to drugs, tolerance drugs, severity of 

disease and overall well-being, as well as other factors. Suitable dosages can be 

from about 0.1-about 10.0 mg/kg body weight per treatment.  

[0611 Individuals who are administered Ad36 compositions can be 

screened through non-invasive testing, for example, using ultrasound, to 

determine whether the treatment was effective. In some aspects, the individual 

will be screened using ultrasound. In some aspects, the individual will undergo 

liver function testing to measure liver enzymes.  

[0621 The entire teachings of all documents cited herein are hereby 

incorporated herein by reference.  

Ad36 E4orfl Sequences 

Ad-36 E4 orf 1 DNA sequence (SEQ ID NO. 1) 

ATGGCTGAATCTCTGTATGCTTTCATAGATAGCCCTGGAGG 

GATCGCTCCCGTCCAGGAAGGGGCTAGCAATAGATATATCTTCTTTTG 

CCCCGAATCTTTCCACATTCCTCCGCATGGGGTGATATTGCTTCACCTC 

AGAGTGAGCGTGCTGGTTCCTACTGGATATCAGGGCAGATTTATGGCC 

TTGAATGACTACCATGCCAGGGGCATACTAACCCAGTCCGATGTGATA 

TTTGCCGGGAGAAGACATGATCTCTCTGTGCTGCTCTTTAACCACACGG 

ACCGATTTTTGTATGTCCGCGAGGGCCACCCAGTGGGAACCCTGCTGC 

TGGAGAGAGT GATTTTTCCTTCAGTGAGAATAGCCACCCTGGTTTAG 

Ad-36 E4 orf I Protein translation (SEQ ID NO. 2) 

MAESLYAFIDSPGGIAPVQEGASNRYIFFCPESFHIPPHGV 

ILLHLRVSVLVPTGYQGRFMALNDYHARGILTQSDVIFAGRRHDLSVLLF 

NHTDRFLYVREGHPVGTLLLERVIFPSVRIATLV 
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Ad-36 E4 orf 1 APDZ DNA sequence (SEQ ID NO. 3) 

ATGGCTGAATCTCTGTATGCTTTCATAGATAGCCCTGGAGG 

GATCGCTCCCGTCCAGGAAGGGGCTAGCAATAGATATATCTTCTTTTG 

CCCCGAATCTTTCCACATTCCTCCGCATGGGGTGATATTGCTTCACCTC 

AGAGTGAGCGTGCTGGTTCCTACTGGATATCAGGGCAGATTTATGGCC 

TTGAATGACTACCATGCCAGGGGCATACTAACCCAGTCCGATGTGATA 

TTTGCCGGGAGAAGACATGATCTCTCTGTGCTGCTCTTTAACCACACGG 

ACCGATTTTTGTATGTCCGCGAGGGCCACCCAGTGGGAACCCTGCTGC 

TGGAGAGAGTGATTTTTCCTTCAGTGAGAATATAG 

Ad-36 E4 orf 1 APDZ protein translation (SEQ ID NO. 4) 

MAESLYAFIDSPGGIAPVQEGASNRYIFFCPESFHIPPHGV 

ILLHLRVSVLVPTGYQGRFMALNDYHARGILTQSDVIFAGRRHDLSVLLF 

NHTDRFLYVREGHPVGTLLLERVIFPSVRI 

EXEMPLIFICATION 

[0631 The results of the studies disclosed herein revealed that there is 

a link between Ad36 infection in humans and lower hepatic lipid levels and better 

glycemic control. The results also demonstrate that the Ad36 E4orfl protein is the 

mediator of the protective effect of the Ad36 virus and that the effect is likely 

mediated through altering the expression of several genes including adiponectin 

and Glut2 abundance. Thus, these studies disclosed herein show that Ad36, Ad36 

E4orfl, and functional variants thereof can be used to treat or prevent NAFLD, 

reduce excessive fat from the liver of a mammal, improve glycemic control, and 

treat or prevent liver dysfunction.  

TECHNIQUES AND ASSAYS: 
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[0641 Virus preparation. Ad-36 was obtained from American Type 

Culture collection (ATCC Cat# VR913) plaque purified and propagated in A549 

cells (human lung cancer cell line) as described and used previously (45, 44). Ad

2 was also obtained from ATCC (Cat #VR846) and propagated in A549 cells.  

Viral titers were determined by plaque assay (45) and inoculations expressed as 

plaque forming units (PFU).  

b. Biochemical assays: 

[0651 Glucose: 2 pL of serum from each mouse was measured in a 

96-well plate format using Raichem glucose Oxidase method (R80038).  

Absorbance was read at 500 nm. Insulin: Ultra-sensitive mouse insulin ELISA kit 

(Crystal Chem, # 90090) was used to determine insulin. Triglycerides were 

determined using Cardiochek Lipid panel test strips.  

[0661 qRT-PCR: mRNA was extracted from adipose tissue of high

fat fed mice using the RNeasy Mini kit as per the manufacturer's instructions 

(Qiagen, # 74101). Residual DNA was eliminated by using Amplification grade 

Deoxyribonuclease I (Invitrogen, # 18068-015). One pg of total RNA was 

reverse transcribed to cDNA using iscriptTM cDNA synthesis kit (BioRad, # 170

8890) as per the manufacturer's protocol. PCR core system II (Promega, # 

M7665) was used for the amplification of cDNA. Quantitative RT-PCR was 

performed to examine the relative expression levels of the genes TNFa (Tumor 

Necrosis factor alpha, Applied Biosystems, # Mm00443259_g1), Resistin 

(Applied Biosystems, # Mm00445641_ml), MCP-1(macrophage chemoattractant 

protein; Applied Biosystems, # Mm00441243_gI) CD68 (Applied Biosystems, # 

Mm03047343 ml), TLR4 (Toll like receptor 4; Applied Biosystems, # 

Mm00445274 ml), MCSF (macrophage colony stimulating factor; Applied 

Biosystems # Mm00432688_ml), and IL6 (interleukin 6; Applied Biosystems, # 

Mm00446191 ml) as compared to GAPDH (glyceraldehydes 3 phosphate 
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dehydrogenase; Applied Biosystems, # Mm99999915_g1). Means were 

compared by a T-test. Significance was set at p<0.05.  

c. Confirmation of infection: 

[0671 Antibody titer: 

[0681 Presence of neutralizing antibodies in serum was determined by 

the 'constant virus-decreasing serum' method - a sensitive, specific and gold 

standard assay for determining neutralizing antibodies as described in detail(92).  

Briefly, heat inactivated test sera were serially diluted (two-fold) from 1:2 to 

1:512 in 96-well plates. A total of 100 TCID-50 (Tissue culture infectivity dose 

50) of the respective adenovirus work stock was added to each of the wells, 

followed by the addition of A549 cells after 1 h of incubation at 37C. Each test 

serum was run in duplicate. Serum control (serum and cells, but no virus), cell 

control (cells alone, no virus, no serum), and virus control (cells and virus, no 

serum) were included with each assay. Plates were incubated at 37'C for 13 days 

and the presence of CPE (cytopathic effect) was noted. Serum samples without 

CPE in dilutions of 1:8 or higher were considered positive for the presence of 

neutralizing antibodies to the respective virus and evidence of prior infection with 

that virus. Samples with titers lower than 1:8 were considered negative for the 

presence of viral antibodies. A virus back-titration was conducted with each assay 

as a quality check.  

Screening for viral DNA and RNA: 

[0691 DNA isolation: DNA was isolated using a QIAMP DNA mini 

kit (# 51306). Primers were designed to E4 gene of Ad36, Ad2 and also for 
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mouse p-actin. DNA was amplified by PCR. The primer sequences were as 

follows: 

Ad36 forward primer: 5'-GGCATACTAACCCAGTCCGATG-3', 

Ad36 reverse primer:5'-TCACTCTCAGCAGCAGCAGG-3'; 

Ad2 forward primer: 5'-CCTAGGCAGGAGGGTTTTTC-3', 

Ad2 reverse primer: 5'-ATAGCCCGGGGGAATACATA-3' 

Mouse !-actin forward primer: 5'-GATCTTCATGGTGCTAGGAG-3', 

Mouse !-actin reverse primer: 5'-ACGTTGACATCCGTAAAGAC-3'.  

[0701 Negative PCR control: water. Positive PCR control: DNA 

from Ad36 or Ad2 infected A549 cells. DNA was denatured for 2 min at 95'C 

and subjected to 35 cycles of PCR (94'C for 1 min, 55'C for 1 min, 72'C for 2 min 

followed by incubation at 72 C for 5 mins. RNA was extracted using the RNeasy 

Mini kit as per the manufacturer's instructions (Qiagen, # 74101). Residual DNA 

was eliminated by using Amplification grade Deoxyribonuclease I (Invitrogen, # 

18068-015). One pg of total RNA was reverse transcribed to cDNA using 

iscriptTM cDNA synthesis kit (BioRad, #170-8890) as per the manufacturer's 

protocol. PCR core system II (Promega, # M7665) was used for the amplification 

of cDNA.  

d. Glucose tolerance test: 
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[0711 Subsequent to a 16-h fast, conscious mice were injected with 

D-glucose (2.5 mg/g of body weight) intraperitoneally. Blood was collected from 

the tail vein prior to glucose injection (time 0) and at 10, 20, 30, 60, 120 and 150 

min post-injection. Blood glucose was determined using a glucometer (Contour, 

Bayer).  

e. Western blot analyses: 

[0721 Immunoprecipitation: For immunoprecipitation of IR, IRSI 

and IRS2, tissue samples were homogenized in a buffer containing 50mM HEPES 

(pH 7.4), 2mM sodium orthovanadate, 10 mM sodium fluoride, 2 mM EDTA, 1% 

NP-40, 0.25% sodium deoxycholate and protease inhibitors. Homogenates (250 

gg) were then immunoprecipitated with 3 pg of primary antibody. Samples were 

subjected to SDS-PAGE using 4-20% gradient get and transferred to PVDF 

membrane. The membranes were immunoblotted with anti-phospho antibodies.  

Antibodies for phoshphorylated-tyr-1322-IR-3 (Millipore, # 04-300) and total IR

3 receptor (Millipore, # 05-1104), total IRS1 (Santacruz, # Sc-559) and pIRSI

(tyr-989) (Santacruz, # Sc-17200), pIRS1-(ser3O7) (Cell signaling, # 2381), IRS2 

from (Milipore, # 06-506) and p-IRS2 (tyr-612) from (Santacruz, # Sc-17195-R) 

were used.  

[0731 Western Blot: Protein concentrations were quantitated by 

bicinchoninic acid assay and loaded to the 4-20% or polyacrylamide gel in equal 

amounts. Proteins were then transferred to a PVDF membrane. Membranes were 

blocked in PBS Tween-20 containing 3% BSA and incubated with polyclonal or 

monoclonal antibodies that recognize total AKT (Cell signaling, # 4691), p

AKT(ser-473) (Cell signaling, # 9271), Ras (Cell signaling, # 3965), Glutl 

(Abcam, # 35826), Glut4 (Abcam, # 14683), Glut2 (Santacruz, # 9117), Glucose 
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6-Phosphatase (Santacruz, # 7291), total AMPKa (Cell signaling, # 2603), p

AMPKa(Thr-172) (Cell signaling, # 2535) and leptin (Abcam, # 2095) antibodies 

respectively. Followed by secondary antibody conjugated with horse reddish 

peroxidase, signals were detected by enhanced chemiluminiscence. The specific 

bands were quantitated with scanning densitometry using AlphaEaseFC analyzer 

software and equal loading was assessed by normalization to GAPDH (Ambion, # 

4300) abundance.  

[0741 Analysis of different oligomeric forms of adiponectin: 30 pig of 

the protein isolated from adipose tissue was treated with 5Xnon-reducing buffer 

without DTT, 3-mercaptoethanol and incubated for 1 h at room temperature.  

Samples were run on 4-20% Tris-Glycine SDS-PAGE gel and transferred to a 

PVDF membrane. Western blotting was performed using antiglobular domain 

antibody of adiponectin (Millipore, # MAB3608, Temmecula, CA).  

f. Histochemistry: 

[0751 Glycogen staining was performed on flash frozen liver samples 

of 3 mice each from Ad36, Ad2, and mock infected high fat fed mice, and one 

mock infected chow fed mouse as a control as reported (41). Tissue samples were 

embedded in OCT mounting medium and sliced at 8 um thickness. Glycogen was 

stained using periodic acid-schiff stain (PAS). Liver samples were fixed to 

enhance glycogen preservation and to help prevent streaming artifact in Carnoy's 

fixative (6 parts of ethanol, 3 parts of chloroform, and 1 part of glacial acetic acid) 

for 10 minutes at 4 C. Upon fixation, sections were washed in distilled water 

with several rinses and then incubated in 1% period acid solution for 5 minutes at 

room temperature. After washing with distilled water, Schiff's reagent was added 

and incubated for 11 minutes. All slides were rinsed in cold running tap water for 
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10 minutes. Slides were air dried and a cover slip was applied using permount.  

Glycogen staining gives a magenta color to the section with a darker stain 

indicating more glycogen.  

[0761 Lipid leaves the sample during fixation, and thus white blank 

area on the slide indicates lipid droplets (96). Images were made with a Zeiss 

Axioskop 40 FL. Three specimens per sample and three images per specimen 

were analyzed using Image J for quantification of glycogen and lipid. Images 

were converted to 8 bit, and the threshold was determined where only glycogen 

specific staining was visible and the amount of glycogen was calculated as pixels2 

at this threshold. This number was subtracted from the total area to obtain the 

area of blank space for quantification of lipid as reported(96).  

Example 1 

Ad36 and humans 

[0771 Serum samples from four cohorts were screened for Ad36 

antibodies as an indicator of past infection. The cohorts were: A) HERITAGE 

Family Study(49) (n=671, White and Black men and women) B) PBRC 

(Pennington Biomedical Research Center) Study (206 White and Black men and 

women), C) MET Study (50, 51) (n=45 pre-pubertal White and Black boys and 

girls), D) VIVA LA FAMILIA study(52) (585 Hispanic boys and girls). The 

prevalence of Ad36 antibodies was 13%, 18%, 22% and 7% in the HERITAGE, 

PBRC, MET and Viva La Familia studies, respectively. Various measures of 

better glycemic control (including insulin sensitivity or disposition index) were 

significantly associated with Ad36 infection in these cohorts, independent of age, 

gender, race and adiposity (e.g Tables 1 & 2 show the PBRC and MET cohorts).  

Importantly, the association of Ad36 with better glycemic control was remarkably 
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consistent across these cohorts of diverse age groups and races of over 1,500 

individuals. These data suggested that Ad36 infection may improve glycemic 

control in humans.  

Ad36- Ad36+ 

N=206 N=169 N=37 

Fasting glucose (mg/dL) 96.9 (92.6, 101.3) 92.3* (87.1, 97.6) 

Fasting insulin (pU/ml) 11.6 (9.6, 14.0) 9.4* (7.1, 12.4) 

HOMA IR 2.7 (2.2, 3.3) 2.1* (1.6, 2.8) 

Liver density** (HU) 10.7 (8.5, 13.4) 13.0* (9.9, 17.2) 

Table 1: PBRC study (n=206; Black/White/Other 74/118/14) Mean (95% Cl), 

adjusted for age, sex, race and body fat mass. *p<0.05 or better. **Normalized to 

spleen density. Higher HU value equates to lower lipid content.  

Ad36- Ad36+ 

N=45 N=35 N=10 

Fasting glucose (mg/dL) 74.5 (71.6-77.4) 68.7* (62.9-74.6) 

Fasting insulin (ptU/ml) 3.1 (2.4-4.1) 1.8* (1.1-3.0) 

HOMA IR 0.51 (0.39-0.69) 0.28* (0.16-0.48) 

Intra-hepatic lipid (% 0.005 (0.002-006) 0.003* (0.004-0.008) 
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water peak) 

Table 2: MET Study, pre-pubertal boys and girls (n=45; Black/White/Other; 10/32/3).  

Meana (95%Cl) adjusted for sex and body fat mass. a Arithmetic mean for glucose; 

Geometric mean for insulin HOMA-IR and intra-hepatic lipid.  

Example 2: 

Ad36 improves insulin sensitivity in chow-fed mice 

[0781 Age, weight, and body fat matched female C57BL/6J mice 

were mock infected or infected with Ad36 or Ad2 and maintained on a standard 

chow diet. Four week old female C57B6/6J mice were purchased from The 

Jackson Laboratories (Bar Harbour, Maine, USA). After 1 week of 

acclimatization, total body fat was determined by Bruker Minispec mq 10 NMR 

(Nuclear Magnetic Resonance) analyzer. Mice were divided into three groups 

matched for body weight and body fat and inoculated intra-nasally, orally and 

intra-peritoneally with 107PFU of Ad36 (N=3) or Ad2 (a common human 

adenovirus used as a control; N=4) or mock infected with tissue culture media 

(n=6). The mice were on a 12 hour light-dark cycle at 250C and housed in micro

isolator cages under Biosafety level 2 containment in one room and offered ad 

libitum access to water and rodent chow (Purina LabDiet 5001).  

[0791 The three groups of mice showed no difference in total body 

weight during a 12-week experiment.  

[0801 Neutralizing antibodies to the adenoviruses, and/or PCR 

analyses for viral DNA and/or mRNA in various mouse tissues confirmed mock 

infection or infection by the expected virus (Table 3). Despite comparable fasting 

serum glucose and insulin levels between all three groups of mice at baseline prior 
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to infection, these levels progressively decreased only in Ad36-infected mice over 

the course of the experiment (Figure IA and B). Furthermore, at 12-weeks 

postinfection (pi), the masses of the retroperitoneal fat pad and liver of Ad36

infected mice were 2-fold higher (p<0.03) orlO0% lower (p<0.0 4), respectively, 

than the mock infected mice (Table 4, Figure 1). Thus, in standard chow-fed mice, 

Ad36 infection but not Ad2 infection improved systemic glycemic control by 

reducing fasting glucose and insulin levels.  

Table 3: Percent of the mice showing viral antibodies, viral DNA & RNA.  

Group Antibody viral DNA J/ viral RNA 
Ad36 / Ad2 Liver Adipose Lung Kidney 

StissueT 
Experiment 3: MiCon -fhd f dice 
Mock 0 0 0/0 

Ad36100 100 100 /100 

A~d2 100 100 100 /100 

Expeimen-lt 3:. MVice on highTl fat diet 
Mock 0: /0 01'0 0 0 0 NA 0 /NA 
Ad36 100 /0 60 /60 70 40 50/NA 10 /NA 
Ad2 0140 0/0 0/0 100/NA 50 /NA 

NA: Viral RNA not determined in these samples.  

Table 4: Baseline and final characteristics of chow-fed mice. Mean i SE.  

Mock Ad36 Ad2 p 
N 6 3 4 
Body weight (g) - week 0 16.3 ±1.1 16.9t0.21 16.2+0.44 NS 
Body fat (g) week 0 2.1 ± 0.2 2.3 ± 0.2 2.0 + 0.1 
Body weight (g) week 12 22.3+ 0.8 23.8t1.7 22.5±1.5 NS 
Retroperitoneal fat (g) 0.18 t 0.06 0.37+0.15* 0.25±0.13 * p<.0 5 vs 
week 12 Mock 

Liver (g) 1.00±0.09 0.9±0.1* 0.99±0.21 * p<.05 vs 
Mock 
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[0811 The body weights were measured once a week, and blood 

samples were obtained from the intra orbital retrobular sinus from anesthetized 

mice fasted for 4 hours. The mice were killed 12 weeks postinfection. Trunk 

blood was collected and serum was separated. Liver, retroperitoneal fat depots 

were carefully separated, weighed and flash frozen in liquid nitrogen and stored at 

-800C until use. Serum was used for determining glucose and insulin.  

[0821 Differences in body weights, liver, fat pad weights, and glucose 

and insulin levels were analyzed by student's 't' test. Probability levels were set at 

p<0. 05 .  

Example 3: 

Ad36 improves hyperglycemia in high-fat fed mice 

[0831 This experiment investigated whether Ad36 has similar effects 

in mice made diabetic with a high fat (HF, 60 kcal%) diet that causes diet-induced 

hyperglycemia.  

[0841 Age, weight, and body fat matched male C57BL/6J mice (14 

weeks old) fed a HF diet for the prior 8 weeks developed a diabetic state as 

evidenced by high fasting serum glucose levels (>200mg/dL). At this point, mice 

were either mock infected or infected with Ad36, or Ad2. By 20 weeks pi, all 

three groups displayed similar cumulative food intake, as well as total body 

weight and fat pad masses (Table 5, Figure 2). Fourteen week old male C57B6/6J 

mice were purchased from The Jackson Laboratory (Bar Harbour, Maine, USA), 

who were fed a high fat (60% kcal) diet (Research Diets Inc. D12492i) starting at 

six weeks of age. Upon 1 week acclimatization, baseline body fat was determined 

by NMR and mice were divided in three groups (n= 10 per group) matched for 

body fat and body weight. The groups were infected with Ad36 (0.6x1O6PFU), 
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Ad2 (3x106 PFU) or mock infected intra-nasally, intra-peritoneally and orally, 

and continued on the high fat diet (60% kcal) for 20 more weeks. The mice were 

on a 12 hour light-dark cycle at 250C and housed singly in micro-isolator cages 

under Biosafety level 2 containment in one room. Food disappearance and body 

weights were measured once a week for 16 weeks, and blood samples were 

obtained from intra orbital retrobular sinus, in anesthesized mice. Fasting samples 

were collected after removing food for 4 hours. The mice were killed 20 weeks 

post-inoculation in free-fed state. Trunk blood was collected and serum was 

separated. Liver, epididymal, retroperitoneal fat depots were carefully separated, 

weighed and flash frozen in liquid nitrogen and stored at -800C until use.  

[0851 Over the 20 week post-infection period, glycemic control was 

assessed in various ways, by determining fasting glucose and insulin, glucose 

tolerance test and also by determining glucose levels in free-fed state. As 

expected, due to HF diet-induced insulin resistance, mock-infected mice showed 

an increase in fasting serum glucose and insulin levels, however, these increases 

were significantly attenuated in Ad36-infected mice at 8 weeks pi or 4 weeks pi, 

respectively (Figures 3 C&D and 4A). Ad36-infected mice also showed 

significantly faster blood glucose clearance in response to an intra-peritoneal 

glucose tolerance test (ipGTT) at 12 weeks pi (Figure 3E) and lower free-fed 

serum glucose levels at 20 weeks pi (Figure 3F and 4B). In fact, at 20-weeks 

post-infection, free-fed serum glucose levels of all Ad36-infected mice were in the 

lower 50th percentile of those measured in mock-infected mice (Figure 4B) (chi 

test p=0.01). Despite the 5-fold higher dose used for Ad2 versus Ad36 in this 

experiment, Ad2-infected mice still failed to show significantly improved 

dysglycemia compared to mocked-infected control mice. Therefore, Ad36 

infection likewise specifically improves glycemic responses in diabetic mice 

under both fasted and fed conditions.  
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Table 5: Baseline and final characteristics of HF-fed mice. Mean + SE.  

Mock Ad36 Ad2 p 
N 10 10 10 
Body weight (g) week 0 36.2 +0.9 36.1+ 1.1 37.3+ NS 

1.0 
Body weight (g) week 51.5 +0.8 48.3 +2.1 50.7+ NS 
20 1.2 
Cumulative food Intake 186 + 9.2 186 + 184 

(g) 13.3 +13.7 
(measured for 16 weeks 
post-infection) 
Total body fat (g) week 10.5 + 0.8 10.7 + 0.7 11.5+ NS 
0 1.0 
Body fat (g) week 20 
Epididymal 1.4 0.05 1.4 + 0.1 1.5 + 0.2 NS 

Retroperitoneal 0.5 i 0.02 0.5 + 0.05 0.5 + NS 
0.03 

Liver (g) 2.7 0.1 2.3 + 0.1 * 2.4 0.2 * p<.05 vs Mock 
Serum triglycerides 
(mg/dL) 

Week 0 71.6+ 1.7 71.2+0.9 71.5± *p<.05 vs week 0 of 
Week 8 70.4+2.1 68.3+ 1.2 Ad36 

1.2* 69.3+ 
1.0 

[0861 Western blot (WB) analyses conducted with mice from 

Example 2 revealed that in agreement with in vitro data (76, 12), Ad36 

upregulated \Ras-PI3K pathway as indicated by greater abundance of Ras and 

phospho-Akt, in skeletal muscle, adipose tissue, and liver, compared to mock 

infected mice at 20 weeks pi (Figure 5). For Ad36-infected mice, higher Glut4 

and Glut1 protein abundance in skeletal muscle and adipose tissue suggested a 

mechanism by which Ad36 increases glucose uptake in these tissues, whereas 

lower Glut2 abundance and glucose-6-phosphatase (G6Pase) in the liver 

suggested that Ad36 decreases hepatic glucose release (Figure 5C), which in turn 

may contribute to better glycemic control. As expected, liver sections of HF diet
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fed mice displayed less glycogen and more lipid than did standard chow-fed mice 

(Figure 6A). Among HF diet-fed mice, however, the livers of Ad36-infected mice 

showed higher protection from the pathological effects of the HF diet, as 

evidenced by increased glycogen and lower lipid content compared to mock

infected mice (Figure 6 A-C) (p<0.0 2 ). The protective effect mediated by Ad36 

on HF diet-induced liver pathology is consistent with our human data, showing 

lower hepatic lipid accumulation in both, adults and pre-pubertal youth, infected 

with Ad36. Thus, findings presented here support a model whereby Ad36 

increases glucose uptake by skeletal muscle and adipose tissue and reduces 

glucose release by the liver, thereby significantly improving systemic glycemic 

control in animals.  

[0871 Differences in food intake, body weights, liver, fat pad weights, 

and glucose and insulin levels were analyzed by student's 't' test. Probability 

levels were set at p<0.05.  

Example 4: 

Ad36 Improves Markers of the Metabolic Profile of Adipose Tissue 

[0881 Western blots were run, as described above, using adipose 

tissue proteins from HF-fed mice killed in free fed state 20 weeks post-infection 

(3 mice/group). GAPDH was used as the loading control. Ad36 appears to up

regulate the P13K pathway, and the downstream glucose uptake as indicated by 

greater AKT phosphorylation, and greater abundance of Glut4 and Glut 1. In 

response to infection, the adipose tissue in the Ad2, but not Ad36 group, had 

greater macrophage infiltration (p<.05), compared to the Mock group.  

Importantly, the Ad36 group had a significantly greater abundance of adiponectin 

(Figure 4A), a key insulin sensitizer and promoter of glucose uptake (53) and 
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protector against hepatic steatosis (54) (55). Adiponectin exists in higher, 

medium, and lower molecular weight (MW) forms, though the higher MW form is 

most strongly linked to insulin sensitivity (56, 57). Ad36 significantly increased 

levels of all forms of adiponectin in the adipose tissue of HF diet-fed mice 

(Figures 7B). The up-regulation of adiponectin by Ad36 was consistently 

observed, including its significantly greater mRNA and protein abundance in 

human adipose tissue explants infected with Ad36 (12). These changes 

collectively indicate that Ad36 improves the metabolic quality of the adipose 

tissue. Considering the strong hepatic effects of adiponectin(54, 55), it is believed 

that the adiponectin is a key mediator of anti-steatosis effect of Ad36.  

Example 5: 

Ad36 Attenuates Steatosis and Improves Metabolic Profile in the Liver 

[0891 Liver sections of HF diet-fed mice displayed less glycogen and 

more lipid than did standard chow-fed mice (Figure 6A). Among HF diet-fed 

mice, however, the livers of Ad36-infected mice showed higher protection from 

the adverse effects of HF diet, as evidenced by increased glycogen and lower lipid 

content compared to the Mock group (Figure 6A) (p<.02). Lower Glut2 

abundance and glucose-6-phosphatase (G6Pase) in the livers of the Ad36 group 

(Figure 8) suggested reduced hepatic glucose release, which in turn may 

contribute to better glycemic control. Livers of Ad36, but not Ad2 group, showed 

greater AMPK-phosphorylation, a known target of adiponectin to protect liver 

against steatosis (54).  

[0901 Liver mRNA: Expressions of selected genes from the livers of 

chow fed (Figure 9) or HF-fed mice (Figure 10) were tested. Although these 

molecules also perform overlapping roles in multiple pathways, we considered 
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FAS (fatty acid synthase), SREBP 1 c (sterol response element binding protein 1 c) 

and FOXO 1 (Forkhead Box 01) as modulators of lipogenesis(5 8), CPT I 

(carnitine palmityl acyl transferase), LXR (liver X receptor) and PPARu to 

indicate lipid oxidation(59-61) and MTP (microsomal triglyceride transfer 

protein) and ApoB (apolipoprotein B) as indicative of lipid export (62-66). Since 

hepatic steatosis coupled with inflammation may signal progression to NASH, 

markers of inflammation were determined. The hepatic gene expressions were 

determined 12-20wk post inoculation (Table 3). While such a long period and a 

HF diet may mask some changes, the gene expressions from the chow fed and 

HF-fed mice collectively suggest that Ad36 reduces lipogenesis, up-regulates lipid 

oxidation and export and reduces inflammation in the liver (Table 6).  
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Lipogenesis Lipid oxidation Lipid Inflammation 

export 

NS NS 1* 1* t* 1* NS f* f* f* j NS NS NS 

(.06) 

U 

NS T t NS NS NS NS NS p* NS * NS{* {* 

(.08) (.07) 

Table 6: qRT-PCR data of expression of genes in livers of mice fed chow or HF diets.  

Arrows indicate the direction of changes induced by Ad36 compared to the mock 

infected group. *p<.05 or better. To indicate trend, p value is also denoted, if 

between .05 and 0.1. NS: no significant difference.  

Example 6: 

Ad36 E4orf1 to Attenuate Hepatic Steatosis Without Weight Loss 

[0911 In separate experiments, HepG2 cells, or mouse primary 

hepatocytes were transfected with E4orfl or the empty pcDNA vector. Palmitate 

oxidation and apoB secretion by HepG2 cells and basal and glucagon stimulated 

glucose output by primary hepatocytes were determined 48 hours post transfection.  

[0921 Compared to null vector transfected cells, E4orfl increased fat 

oxidation 2-fold (p<0.000 1), and apoB secretion 1.5 fold (p<0.00 3) and reduced 

basal and glucagon stimulated glucose output by 45% (p=0.000 8 ) and 22% 

(p<0.02), respectively.  
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[0931 This in vitro transfection of hepatocytes shows that E4orfl 

mediates the effects of Ad36 on hepatic metabolism. The data show that in 

hepatocytes, Ad36 E4orfl increases fat oxidation and transport of fat outside the 

liver, and reduces glucose release.  

Example 7: 

E4orfl Induces PPARy 

[0941 PPARy is the master regulator of adipogenesis, the process by 

which the body makes fat cells. Ad36 up-regulates PPARy, induces adipogenesis, 

increases adiponectin and improves glycemic control. This study investigated 

whether adiponectin expression could be uncoupled from PPARy induction or 

adipogenesis.  

[0951 The following cell types were infected with human 

adenoviruses Ad36, or Ad2, or mock infected: a) 3T3-L1 mouse embryonic 

fibroblasts (MEF) with intact PPARy; b) NIH/3T3 MEF which have impaired 

PPARy expression; and c) MEF from PPARy knockout mice (MEF -/-). Despite 

the down-regulation or the absence of PPARy, Ad36 enhanced cellular glucose 

uptake, adiponectin, Glut4 and Glut1 protein abundance, versus mock or Ad2 

infected cells. As expected, adipogenic induction increased lipid in 3T3-L1 but 

not NIH/3T3 or MEF -/-. This indicated that Ad36 up-regulates glucose uptake 

and adiponectin secretion without recruiting PPARy or enhancing adipogenesis.  

In humans, natural Ad36 infection as determined by the presence of Ad36 

antibodies, predicted higher adiponectin levels, suggesting therapeutic relevance 

of these effects. This further strengthens our proposition that it is possible to 

improve glucose uptake by E4orfl, without increasing body fat, unlike the action 

of TZDs.  
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Example 8 

E4orfl Protein Enhances Glucose Disposal 

[0961 A stable 3T3-L1 cell line that inducibly expresses E4orfl in 

response to doxycyclin (3T3-E4) was developed to study cell signaling and to test 

whether Ad36 requires its E4orfl protein for up-regulating glucose uptake in 3T3

LI preadipocytes. Compared to mock infected cells, Ad36 increased basal 

glucose uptake by 3-fold, which was abolished when E4orfl was knocked down 

with siRNA. This showed that Ad36 enhances cellular glucose uptake via E4orfl.  

Compared to cells with null vector, 3T3-E4 cells increased glucose uptake in an 

induction dependent manner. E4orfl increased the abundance and activation of 

Ras - the obligatory molecule in Ad36 induced glucose uptake. In particular, 

E4orfl activates the H-Ras isoform. Thus, E4orfl narrows down the anti

hyperglycemic effects of Ad36 to a single protein.  

Example 9 

E4orfl Modulates Glucose Disposal in Adipocytes and Hepatocytes 

[0971 In separate experiments, 3T3-L1 preadipocytes or adipocytes, 

C2C12 myoblasts or HepG2 hepatocytes were transfected with V-5 tagged 

plasmids expressing E4orfl (pcDNA-V5-AD36-E4orfl) or a null vector (pcDNA

V5-DEST).  

[0981 Considering that the glucose uptake by adipose tissue and 

skeletal muscle and glucose output by the liver contribute to systemic glycemic 

control, the effect of Ad36 E4orfl on basal and insulin stimulated glucose 

disposal by cell lines representing these tissues was determined. Glucose disposal 
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in 3T3-L1 preadipocytes or adipocytes, C2C12 myoblasts or HepG2 hepatocytes 

transfected with E4orf 1 expressing plasmid was compared with cells transfected with a 

null vector.  

[099] E4orfl expression increased basal 2DG uptake in 3T3-L1 preadipocytes, 

adipocytes and C2C12 myoblasts (FIGS. 11A-C). In adipocytes, E4orfl further increased 

insulin stimulated 2DG uptake (p=0.003). In preadipocytes and myoblasts, which are not 

fully insulin responsive, E4orf 1 did not enhance insulin stimulated 2DG uptake.  

[0100] Although multiple metabolic functions of the liver such as glucose uptake, 

glycogen sythesis, glycogenolysis, contribute to systemic glycemic control, hepatic 

glucose output is often uncontrolled due to insulin resistance, and can be a key contributor 

of high blood glucose in type 2 diabetes. Therefore, the focus was on determining the 

effect of E4orf 1 on glucose release by hepatocytes. E4orf 1 transfection significantly 

reduced glucose output by HepG2 cells under basal as well as insulin stimulation 

conditions (p<0.000001 and <0.001, respectively; FIG. 5D).  

[0101] This experiment shows that Ad36 E4orf 1 influences glucose disposal by 

adipose tissue, skeletal muscle and liver.  

[0102] Throughout this specification and the claims which follow, unless the 

context requires otherwise, the word "comprise", and variations such as "comprises" and 

'comprising", will be understood to imply the inclusion of a stated integer or step or group 

of integers or steps but not the exclusion of any other integer or step or group of integers or 

steps.  

[0103] The reference in this specification to any prior publication (or information 

derived from it), or to any matter which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general 

knowledge in the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A method of treating or preventing the symptoms of non-alcoholic fatty 

liver disease in an individual, said method comprising administering to the individual a 

therapeutically effective amount of Adenovirus-36 E4orfl protein, wherein said protein is 

SEQ ID NO: 2, SEQ ID NO:4 or functional variant thereof, wherein said functional variant 

has at least 85% sequence identity to SEQ ID NO:2 or SEQ ID NO:4, or a nucleic acid 

encoding Adenovirus-36 E4orfl, wherein said nucleic acid is SEQ ID NO:1 or SEQ ID 

NO:3 or functional variant thereof, wherein said functional variant has at least 85% 

sequence identity to SEQ ID NO: 1 or SEQ ID NO:3, wherein the individual's symptoms 

improve following said administration.  

2. A method of reducing excessive fat from the liver in an individual, said 

method comprising administering to the individual a therapeutically effective amount of 

Adenovirus-36 E4orfl protein, wherein said protein is SEQ ID NO:2, SEQ ID NO:4 or 

functional variant thereof, wherein said functional variant has at least 85% sequence 

identity to SEQ ID NO:2 or SEQ ID NO:4, wherein the fat in the liver is lowered 

following said administration.  

3. A method of improving glycemic control in an individual, said method 

comprising administering to said individual a therapeutically effective amount of Ad36 

E4orf 1 protein, wherein said protein is SEQ ID NO:2, SEQ ID NO:4, or functional variant 

thereof, wherein said functional variant has at least 85% sequence identity to SEQ ID 

NO:2 or SEQ ID NO:4, wherein insulin sensitivity is increased following said 

administration.  

4. A method of treating or preventing liver dysfunction characterized by fatty 

liver and insulin resistance in an individual, said method comprising administering to said 

individual a therapeutically effective amount of Ad36 E4orfl protein, wherein said protein 

is SEQ ID NO: 2, SEQ ID NO:4 or functional variant thereof, wherein said functional 

variant has at least 85% sequence identity to SEQ ID NO:2 or SEQ ID NO:4, wherein liver 

fat accumulation is improved following said administration.
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5. The method of claim 4, wherein said liver fat accumulation improvement is 

characterized by increased lipid oxidation or increase transport of lipid from the liver.  

6. A method of reducing or preventing non-alcoholic steato-hepatitis (NASH) 

in an individual, said method comprising administering to the individual a therapeutically 

effective amount of Ad36 E4orfl protein wherein said protein is SEQ ID NO:2, SEQ ID 

NO:4 or functional variant thereof, wherein said functional variant has at least 85% 

sequence identity to SEQ ID NO:2 or SEQ ID NO:4, wherein the occurrence of NASH is 

reduced or prevented.  

7. The method of claim 6, wherein hyperglycemia resulting from hepatic 

dysfunction is reduced in the individual.  

8. The method of any one of claims 1 to 7, wherein an Adenovirus-36 E4orf 1 

protein is administered and the amino acid sequence of the Adenovirus-36 E4orfl protein 

is SEQ ID NO:2 or functional variant thereof, wherein said functional variant has 85% 

sequence identity to SEQ ID NO:2.  

9. The method of any one of claims 1 to 7, wherein a nucleic acid encoding 

Adenovirus-36 E4orf 1 protein is administered by introducing into the individual a nucleic 

acid sequence encoding the Adenovirus-36 E4orfl protein, in a manner permitting 

expression of the Adenovirus-36 E4orfl protein.  

10. The method of claim 9, wherein the nucleic acid sequence is introduced by 

a method selected from the group consisting of electroporation, DEAE Dextran 

transfection, calcium phosphate transfection, cationic liposome fusion, proptoplast fusion, 

creation of an in vivo electric field, DNA-coated microprojectile bombardment, injection 

with recombinant replication-defective viruses, homologous recombination, in vivo gene 

therapy, ex vivo gene therapy, viral vectors, and naked DNA transfer.  

11. The method of claim 9 or 10, wherein the nucleic acid sequence comprises 

SEQ ID NO:1 or functional variant thereof, wherein said functional variant has 85% 

sequence identity to SEQ ID NO: 1.  

12. The method of any one of claims 1 to 11, wherein said individual is a 

human.
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13. Use of Adenovirus-36 E4orfl protein, wherein said protein is SEQ ID NO: 

2, SEQ ID NO:4 or functional variant thereof, wherein said functional variant has at least 

85% sequence identity to SEQ ID NO:2 or SEQ ID NO:4, or a nucleic acid encoding 

Adenovirus-36 E4orfl, wherein said nucleic acid is SEQ ID NO:1 or SEQ ID NO:3 or 

functional variant thereof, wherein said functional variant has at least 85% sequence 

identity to SEQ ID NO: 1 or SEQ ID NO:3, in the manufacture of a medicament for 

treating or preventing the symptoms of non-alcoholic fatty liver disease in an individual.  

14. Use of Adenovirus-36 E4orfl protein, wherein said protein is SEQ ID 

NO:2, SEQ ID NO:4 or functional variant thereof, wherein said functional variant has at 

least 85% sequence identity to SEQ ID NO:2 or SEQ ID NO:4, in the manufacture of a 

medicament for reducing excessive fat from the liver in an individual.  

15. Use of Ad36 E4orfl protein, wherein said protein is SEQ ID NO:2, SEQ ID 

NO:4, or functional variant thereof, wherein said functional variant has at least 85% 

sequence identity to SEQ ID NO:2 or SEQ ID NO:4, in the manufacture of a medicament 

for improving glycemic control in an individual.  

16. Use of Ad36 E4orfl protein, wherein said protein is SEQ ID NO: 2, SEQ 

ID NO:4 or functional variant thereof, wherein said functional variant has at least 85% 

sequence identity to SEQ ID NO:2 or SEQ ID NO:4, in the manufacture of a medicament 

for treating or preventing liver dysfunction characterized by fatty liver and insulin 

resistance in an individual.  

17. Use of Ad36 E4orf 1 protein wherein said protein is SEQ ID NO:2, SEQ ID 

NO:4 or functional variant thereof, wherein said functional variant has at least 85% 

sequence identity to SEQ ID NO:2 or SEQ ID NO:4, in the manufacture of a medicament 

for reducing or preventing non-alcoholic steato-hepatitis (NASH) in an individual.
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