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Hypoxia and non alcoholic fatty liver disease 

Endocrinology & Metabolism 
The Institute of Developmental Sciences (IDS Building) (University of Southampton), 
MP 887 Southampton General Hospital Tremona Rd Southampton SO16  6YD 

Christopher D Byrne

Abstract
Non alcoholic fatty liver disease (NAFLD) represents a spectrum of fatty liver 
diseases associated with increased risk of type 2 diabetes and cardiovascular disease. 
The spectrum of fatty liver diseases, comprises simple steatosis, steatosis with 
inflammation (i.e. non alcoholic steatohepatitis or NASH), fatty liver disease with 
inflammation and fibrosis (severe NASH) and cirrhosis. The molecular mechanisms 
contributing to NASH are the subject of considerable investigation, as a better 
understanding of the pathogenesis of NASH will lead to novel therapies for a 
condition that hitherto remains difficult to treat. In this edition of the Journal 
Piquet et al have investigated the effects of hypoxia in the PTEN deficient mouse, a 
mouse model that develops NAFLD. Piquet et al show that a short period (7 days) of 
exposure to hypoxia aggravates the NAFLD phenotype, causing changes in the liver 
that are in keeping with NASH, with increased lipogenesis and inflammation.  

Risk factors for non alcoholic fatty liver disease (NAFLD) continue to increase with the 
epidemic of obesity and type 2 diabetes. NAFLD is not a single disease but represents a 
spectrum of fatty liver-related diseases, extending from simple steatosis to steatosis with 
ballooned hepatoytes and lobular inflammation [non alcoholic steatohepatitis (NASH)], 
to extensive hepatic fibrosis with regenerating nodules (cirrhosis). In some patients the 
liver condition may lead to the development of hepatocellular carcinoma. For researchers, 
clinicians and their patients, the key question is why do some people develop only simple 
steatosis without progression of the liver disease, whilst others develop a progressive 
liver condition with NASH developing and worsening over time to cirrhosis (for review 
see [2]. 

Piguet et al have investigated the effect of hypoxia on NAFLD. Specifically the authors 
have tested the effect of relative hypoxia (10% inspired oxygen) in a mouse model that is 
genetically susceptible to developing NAFLD; to test the hypothesis that relative hypoxia 
worsens progression of NAFLD to NASH. Using mice with a specific hepatocellular 
deficiency in the phosphatase and tensin homologue gene (PTEN) gene, a tumour 
suppressor that is known to affect the insulin signaling pathway [13-15]; the investigators 
have subjected the animals to 7 days of 10% inspired oxygen tension, compared to 7 days 
of 21% inspired oxygen in the control PTEN deficient animals. To prove that the animals 
were hypoxic, Piguet at showed that there was a 10% increase in haematocrit. Affected 
animals were more insulin resistant, lighter in weight, hypertriglycerdaemic, glucose 
intolerant and had a marked increase in Kleiner score, a histopathogical scoring system 
used to quantitative severity of NAFLD, (8.3 v. 2.3, p<0.01) in keeping with NASH. In 
investigating the pathogenesis of hypoxia-induced NASH, Piquet et al show that 
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expression of key genes in the hepatic lipogenesis pathway were increased, whereas 
expression of a marker of beta oxidation (CPT-1) was decreased.  The substrate proteins 
for the PTEN enyzme are phosphatidylinositol, 3,4 biphosphate and phosphatidylinositol 
3,4,5 triphosphate, and the physiological function of PTEN is to dephosphorylate the 
second messengers generated by the activation of phosphatidylinositol -3- kinase (PI3K) 
thereby downregulating or terminating insulin signal downstream of PI3 kinase [13].
Therefore the authors investigated the insulin signaling pathway to explore the effects of 
hypoxia on NAFLD.

Hypoxia induced an increase in phosphorylation status of the S6 ribosomal protein. The 
S6 ribosomal protein belongs to the PI3 kinase/Akt/mTOR signaling pathway and is 
phosphorylated by p70 S6 kinase when this pathway is activated. It has been shown 
previously that a negative feedback look operates from p70 S6 kinase to the upstream 
IRS-PI3K-PDK1-Akt insulin signaling pathway suggesting a mechanism for the 
development of insulin resistance [3;11] and such a mechanism could operate in the 
model generated by Piguet et al. 

There is, however, still uncertainty as to the precise role of PTEN activity in regulating 
insulin sensitivity in insulin responsive tissues. Over expression of PTEN has been shown 
to have inhibitory effects on insulin signalling including decreased Akt activation and 
glut 4 translocation to the cell membrane [7;8]. Over expression of PTEN in muscle from 
obese Fa/Fa Zucker rats had been shown to contribute to muscle insulin resistance in 
these animals [5]. In contrast, downregulation of PTEN has the opposite effect with 
increased glucose uptake in fat and muscle in response to insulin [10]. In mice, liver 
specific deletion of PTEN, has been shown previously to increase insulin sensitivity yet 
paradoxically causes NAFLD and hepatocellular cancer [4;9]. The mechanism for this 
paradox is yet to be clarified but there has been a number of hypotheses suggested, some 
of which highlight the lack of the negative regulation on the insulin signaling pathways 
by PTEN. In the PTEN deficient mice, there is increased synthesis and storage of 
triglyceride in hepatocytes perhaps due to upregulation of the PI3K/Akt activity [4;9] and 
as a consequence of the lack of PTEN activity, there is increased hepatocyte fatty acid 
uptake, increased fatty acid synthesis and increased esterification of fatty acid to 
triglyceride. 

Absent expression of liver-specific PTEN is associated with hepatic steatosis, 
inflammation, fibrosis and even tumour [15]. In one report, PTEN- deficient mice were 
shown to have biochemical and histological evidence of NASH, with fibrosis occurring at 
40 weeks age [15]. The mechanism for NASH in this animal model has been reported to 
be due to increased expression of the PPAR-�, SREBP-1c and the downstream genes 
including Akt, Foxo1 resulting in increased lipogenesis, inflammation and fibrosis 
[15] .The reason for the increased fat deposition in the liver could be due partly to 
increased expression of SREBP-1c and SREBP-1c is a key transcription factor for 
lipogenesis with increased acetyl CoA carboxylase, fatty acid synthetase and sterol-CoA 
desaturase-1 enzyme activities, all these acting synergistically to promote fatty acid 
synthesis. Piguet et al show very similar effects in much younger 8 week old female 
PTEN deficient mice, exposed to hypoxia for 7 days, suggesting that relative hypoxia 
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accelerates many of the changes that have been observed in older PTEN deficient mice 
developing NASH. 

As a consequence of increased PPAR-�� expression, there is also a secondary induction of 
key enzymes involve in mitochondrial � oxidation and interestingly Piguet et al show a 
hypoxia-induced increase in HIF 2 alpha, with translocation of HIF 2 alpha to the nucleus, 
that has been shown to inhibit � oxidation. Whether this effect alters the known increase 
in reactive oxygen species that occurs in PTEN deficient mice is uncertain. PTEN 
deficient mice show an increase in fat oxidation with a marked increase in the generation 
of oxidative free radicals, leading to inflammation and fibrosis, via activation of the NF-
�B pathway [6;16]. It has been shown that there is a seven fold increase in the hepatic 
concentration of hydrogen peroxide in PTEN deficient mice compared to the wild type 
[15] and in their hypoxia model, Piguet et al suggest that the increase in cytochrome P450 
2E1, that is known to increase oxidative stress, may contribute to the increase in 
inflammation observed in their model. Whether any change in P450 2E1 activity occurs 
as a consequence or cause of insulin resistance is not known. Moreover, the role of 
inflammation in vivo may influence the activity of PTEN to further influence insulin 
action. In insulin resistant subjects, there is increased plasma free fatty acid concentration 
with increase delivery and, uptake of free fatty acid by the hepatocytes. This results in the 
activation of the mTOR protein, which in turn leads to activation of NF-��B [14]. Since 
both mTOR and NF-��B exist as a complex, there is a subsequent dissociation and, then 
translocation of NF-��B into the nucleus where it downregulates the expression of PTEN 
at the level of transcription. The precise mechanism of how NF-��B transcriptionally 
down regulates PTEN is not fully understood but could be through the sequestration of 
the CBP/p300, the transcriptional activator for PTEN [12].

Is hypoxia alone sufficient to cause NAFLD? To date the evidence suggests that hypoxia 
aggravates development of NAFLD only in susceptible animals, with worsening of 
NAFLD to a NASH-like phenotype. The last year has shown important advances in our 
understanding of factors affecting aetiology and pathogenesis of NASH, such as the 
potential for the influence of early development to prime development of NASH  [1]. 
Given the important clinical need to elucidate the mechanisms contributing to NASH and 
to subsequently develop treatments for NASH, the work of Piguet and colleagues adds to 
our understanding of the potential interaction of exogenous fatty acids, PTEN deficiency 
and hypoxia in the pathogenesis of NASH (summarized in figure 1). The challenge is 
now on to ascertain whether similar changes occur in people at risk of developing 
NAFLD. 

Conflict of interest statement 
The author has no conflicts of interests 

Legend
Figure 1 Schematic figure illustrating the potential role of exogenous fatty acid, PTEN 
deficiency and hypoxia in the development of NASH 

Clinical Science Immediate Publication. Published on 10 Nov 2009 as manuscript CS20090565
T

H
IS

 IS
 N

O
T

 T
H

E
 V

E
R

S
IO

N
 O

F
 R

E
C

O
R

D
 -

 s
ee

 d
oi

:1
0.

10
42

/C
S

20
09

05
65

Ac
ce

pt
ed

 M
an

us
cr

ip
t

Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.

© 2009 The Authors Journal compilation © 2009 Portland Press Limited



Reference List 

 1.  Bruce,K.D., Cagampang,F.R., Argenton,M. et al. (2009) Maternal high-fat feeding 
primes steatohepatitis in adult mice offspring, involving mitochondrial dysfunction 
and altered lipogenesis gene expression. Hepatology 2009 Aug 5 ePub. 

 2.  Byrne,C.D., Olufadi,R., Bruce,K.D., Cagampang,F.R. and Ahmed,M.H. (2009) 
Metabolic disturbances in non-alcoholic fatty liver disease. Clin.Sci.(Lond) 116,
539-564.

 3.  Harrington,L.S., Findlay,G.M., Gray,A. et al. (2004) The TSC1-2 tumor suppressor 
controls insulin-PI3K signaling via regulation of IRS proteins. J.Cell Biol. 166,
213-223.

 4.  Horie,Y., Suzuki,A., Kataoka,E. et al. (2004) Hepatocyte-specific Pten deficiency 
results in steatohepatitis and hepatocellular carcinomas. J.Clin.Invest 113, 1774-
1783.

 5.  Lo,Y.T., Tsao,C.J., Liu,I.M., Liou,S.S. and Cheng,J.T. (2004) Increase of PTEN 
gene expression in insulin resistance. Horm.Metab Res. 36, 662-666. 

 6.  Marcus,S.L., Miyata,K.S., Zhang,B., Subramani,S., Rachubinski,R.A. and 
Capone,J.P. (1993) Diverse peroxisome proliferator-activated receptors bind to the 
peroxisome proliferator-responsive elements of the rat hydratase/dehydrogenase 
and fatty acyl-CoA oxidase genes but differentially induce expression. 
Proc.Natl.Acad.Sci.U.S.A 90, 5723-5727. 

 7.  Nakashima,N., Sharma,P.M., Imamura,T., Bookstein,R. and Olefsky,J.M. (2000) 
The tumor suppressor PTEN negatively regulates insulin signaling in 3T3-L1 
adipocytes. J.Biol.Chem. 275, 12889-12895. 

 8.  Ono,H., Katagiri,H., Funaki,M. et al. (2001) Regulation of phosphoinositide 
metabolism, Akt phosphorylation, and glucose transport by PTEN (phosphatase and 
tensin homolog deleted on chromosome 10) in 3T3-L1 adipocytes. Mol.Endocrinol. 
15, 1411-1422. 

 9.  Stiles,B., Wang,Y., Stahl,A. et al. (2004) Liver-specific deletion of negative 
regulator Pten results in fatty liver and insulin hypersensitivity [corrected]. 
Proc.Natl.Acad.Sci.U.S.A 101, 2082-2087. 

 10.  Tang,X., Powelka,A.M., Soriano,N.A., Czech,M.P. and Guilherme,A. (2005) PTEN, 
but not SHIP2, suppresses insulin signaling through the phosphatidylinositol 3-
kinase/Akt pathway in 3T3-L1 adipocytes. J.Biol.Chem. 280, 22523-22529. 

Clinical Science Immediate Publication. Published on 10 Nov 2009 as manuscript CS20090565
T

H
IS

 IS
 N

O
T

 T
H

E
 V

E
R

S
IO

N
 O

F
 R

E
C

O
R

D
 -

 s
ee

 d
oi

:1
0.

10
42

/C
S

20
09

05
65

Ac
ce

pt
ed

 M
an

us
cr

ip
t

Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.

© 2009 The Authors Journal compilation © 2009 Portland Press Limited



 11.  Tremblay,F. and Marette,A. (2001) Amino acid and insulin signaling via the 
mTOR/p70 S6 kinase pathway. A negative feedback mechanism leading to insulin 
resistance in skeletal muscle cells. J.Biol.Chem. 276, 38052-38060. 

 12.  Vasudevan,K.M., Gurumurthy,S. and Rangnekar,V.M. (2004) Suppression of 
PTEN expression by NF-kappa B prevents apoptosis. Mol.Cell Biol. 24, 1007-1021. 

 13.  Vinciguerra,M. and Foti,M. (2006) PTEN and SHIP2 phosphoinositide 
phosphatases as negative regulators of insulin signalling. Arch.Physiol Biochem. 
112, 89-104. 

 14.  Vinciguerra,M., Veyrat-Durebex,C., Moukil,M.A., Rubbia-Brandt,L., Rohner-
Jeanrenaud,F. and Foti,M. (2008) PTEN down-regulation by unsaturated fatty acids 
triggers hepatic steatosis via an NF-kappaBp65/mTOR-dependent mechanism. 
Gastroenterology 134, 268-280. 

 15.  Watanabe,S., Horie,Y., Kataoka,E. et al. (2007) Non-alcoholic steatohepatitis and 
hepatocellular carcinoma: lessons from hepatocyte-specific phosphatase and tensin 
homolog (PTEN)-deficient mice. J.Gastroenterol.Hepatol. 22 Suppl 1, S96-S100. 

 16.  Yu,S., Matsusue,K., Kashireddy,P. et al. (2003) Adipocyte-specific gene expression 
and adipogenic steatosis in the mouse liver due to peroxisome proliferator-activated
receptor gamma1 (PPARgamma1) overexpression. J.Biol.Chem. 278, 498-505. 

Clinical Science Immediate Publication. Published on 10 Nov 2009 as manuscript CS20090565
T

H
IS

 IS
 N

O
T

 T
H

E
 V

E
R

S
IO

N
 O

F
 R

E
C

O
R

D
 -

 s
ee

 d
oi

:1
0.

10
42

/C
S

20
09

05
65

Ac
ce

pt
ed

 M
an

us
cr

ip
t

Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.

© 2009 The Authors Journal compilation © 2009 Portland Press Limited



FFA

mTOR

NF-kB

mTOR
NF -kB

FFA

NF-kB

NF-kB

PTEN deficiency 

-

Hepatocyte fat accumulation 
& inflammation (NASH)

Cell membrane

Nucleus

S6 ribosomal 
phosphorylation

HYPOXIA

HIF 2 � ��oxidation-

HYPOXIA

ROS

IRS-PI3K-PDK1-Akt pathway

Lipogenesis

P4502E1

Decreased
insulin action

P70 S6 Kinase

Clinical Science Immediate Publication. Published on 10 Nov 2009 as manuscript CS20090565
T

H
IS

 IS
 N

O
T

 T
H

E
 V

E
R

S
IO

N
 O

F
 R

E
C

O
R

D
 -

 s
ee

 d
oi

:1
0.

10
42

/C
S

20
09

05
65

Acce
pted M

anuscr
ipt

Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.

© 2009 The Authors Journal compilation © 2009 Portland Press Limited



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


