Meet the human metabolome

Imagine that at a routine medical check-up
your doctor takes a urine sample, then reports
a few days later that your risk of type 2 diabetes
is normal, but there are hints that your arteries
are furring up.

A similar scenario has been promised for the
past 20 years by those working in genomics and
proteomics, but has not yet materialized. Now,
however, an increasing number of researchers
are claiming that metabolomics — the study of
all the body’s metabolites — will
finally come up with the goods.

Supporters of this burgeoning
branch of molecular medicine
are gung-ho about their chances
of success. “In retrospect, we won-
der why we spent millions on the
genome,” says Bruce German, who studies lipid
metabolism at the University of California,
Davis. With the knowledge we have today, he
reckons, scientists should have gone straight
for the metabolome. But can it deliver?

Metabolomics is the study of the raw mate-
rials and products of the body’s biochemical
reactions, molecules that are smaller than most
proteins, DNA and other macromolecules. The
aim is to be able to take urine, blood or some
other body fluid, scan it in a machine and find
a profile of tens or hundreds of chemicals that
can predict whether an individual is on the
road to a disease, say, or likely to experience
side-effects from a particular drug.

Researchers are already trying to flag
impending disease by measuring levels of
gene expression or proteins, but supporters
of metabolomics say they should be able to
do it better. Small changes in the activity of a
gene or protein (which may have an unknown
impact on the workings of a cell) often cre-
ate a much larger change in metabolite levels.
The approach has already proved its worth:
cholesterol and glucose have long been chemi-
cal canaries for heart disease and diabetes.

Data fingerprinting

But realizing this vision isn’t straightforward.
One of the first tasks is to create a catalogue
of compounds in the human body, and this
is proving hard to define. David Wishart at
the University of Alberta, Edmonton, and his
colleagues have taken an initial step forward
by producing something they rather grandly
call the first draft of the human metabolome'.
They searched the published literature for
known human metabolites, and have collected
around 2,500 of them into a public database
(www.hmdb.ca) along with other information
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“Inretrospect, we
wonder why we
spent millions on
the genome.”

such as known links to disease. The research-
ers also used nuclear magnetic resonance and
mass spectroscopy to produce characteristic
‘fingerprints’ for more than 400 compounds,
and have added these to the database.

It’s the most comprehensive collection of
metabolite data to be made publicly available.
But others in the field point out that Wishart’s
catalogue is far from complete because the
number and nature of compounds in the
human metabolome will vary
depending on which body fluid
is looked at and the method
used for the analysis. There is
also no clear division between
compounds produced by the
human body, those produced by
our gut bacteria and fleeting products gener-
ated by food or drugs swallowed that day.

“The notion that this is a first draft of the
human metabolome is nonsense,” says Jeremy
Nicholson of Imperial College London, one of
the pioneers of the field. “I agree that it covers
a helluva lot of important metabolites, but it’s
avery arbitrary guess at what might be useful
and what might not”

An added complication is that one person’s
profile of metabolites is likely to be dramati-
cally different from another’, and each may
fluctuate markedly depending on the time
of day, what they last ate and other aspects of
their lifestyle. To get a handle on this varia-
tion, Nicholson has studied tens of thousands
of urine samples from many ethnic groups
around the world and found that each group is
remarkably different. A separate study showed
that the metabolic profile of meat eaters is very
different from that of vegetarians’. This means
that a person’s metabolome might need to be
measured many times during their lives in
order to be able to pick out changes that might

Hopes are high that in future a urine sample might
reveal our health profile from our metabolites.

©2007 Nature Publishing Group

signal disease. Also, any one metabolite will
have to be assessed relative to the pattern of
many others.

Whatever the total metabolite tally, research-
ers will have to prove that particular concentra-
tions and combinations can reveal something
about drugs or disease. Preliminary stud-
ies suggest that this can be done. Last year,
for example, Nicholson and his colleagues
showed that a fingerprint of the metabolites
in urine could predict which rats would suffer
liver damage from the drug paracetamol’. He
says he has now shown the same in humans, and
is preparing the study for publication. A team
led by Douglas Kell at the University of Manches-
ter, UK, has developed a computer model based
on metabolite profiles in blood plasma that
can identify pregnant women with the danger-
ous condition called pre-eclampsia®.

Lab on a chip
But just as with genomics and proteomics,
finding profiles that reliably predict the onset
of disease will be a major undertaking, because
it will typically require sampling regular pro-
files from many thousands of people and then
following them for years to see which ones
develop a particular condition. Researchers
are hopeful that biobanks — large collections
of people’s biological samples and medical
records — will in future supply this infor-
mation, but such studies could take decades.
They will also have to learn from those work-
ing on gene-expression or proteomic profiles,
who have sometimes struggled to show that
a test that works in one group also works in
another, or that the changes they see are actu-
ally involved in a disease. “In my opinion we
should know why this metabolite is going up
or down,” says William Bigbee, an expert in
biomarkers and proteomics at the University
of Pittsburgh Cancer Institute, Philadelphia.
In the long run, the best way to predict an
individual’s disease risk is likely to come from
understanding the biology behind each disease
— and that will come from a combination of
genomics, proteomics and metabolomics.
“I don’t want to buy six machines,” says Ben
van Ommen of the Netherlands Organization
for Applied Scientific Research in Zeist. “I want
a lab on a chip that measures metabolites,
proteins and gene expression.” ]
Helen Pearson

1. Wishart, D.S. et al. Nucleic Acids Res. 35, D521-D526 (2007).
2. Stella, C. etal. J. Proteome Res. 5,2780-2788 (2006).

3. Clayton, T. A. et al. Nature 440,1073-1077 (2005).

4. Kenny, L. C. et al. Metabolomics 1, 227-234 (2005).

PHOTOTAKE INC./PHOTOLIBRARY.COM




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /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 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /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 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


