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Figure 5. Assessment of the contribution
of regions of the NMR spectra and
specific metabolites to the
discrimination between lens-induced
and chronic uveitis. A: Loadings plots
from the PLSDA analysis which
indicates regions of the spectra which
provide the greatest degree of
discrimination between the two forms of
uveitis. Positive peaks correspond to
metabolites that are at higher
concentration in the chronic relative to
the LIU, and vice versa. B: Based on the
original spectra and the loadings plot,
peak heights of prominent metabolites
resonances were plotted for each
sample. Peak heights were compared
using a T test.

proliferative disease, proliferative vitreoretinopathy (PVR)
and proliferative diabetic retinopathy (PDR), samples could
be separated, while non-inflammatory retinal detachment
samples clustered together. Finally, individual peaks could be
identified and differences in such metabolites shown to be
significantly different in the LIU and CU vitreous samples.
This data, though preliminary, shows that metabolomics could
potentially be useful in the diagnosis of, and identification of
biomarkers in vitreoretinal disease. There are potential
sources of bias in this study that relate to the patient
population. Patients with CU, with the exception of
individuals with FHC were on systemic treatment for their
conditions, while LIU patients received topical steroids.
However, although the extent of inflammation may differ
between the groups, it only forms part of the metabolic profile
and treatment alone does not directly influence the
metabolites. Secondly, it is not possible to obtain longitudinal
samples to clearly address the effect of treatment, however,
current studies on serum and urine samples will clarify this
issue.

Regardless of such caveats, the separation of LIU and
FHC from CU samples is particularly interesting. LIU could
be termed phacoantigenic and is an acute granulomatous
reaction that probably represents an antigenic reaction against
proteins released from the retained lens fragments after
disruption of the lens capsule [26]. CU samples were
predominantly from patients with idiopathic disease with the
exception of one patient with sarcoidosis. Although there were
only two FHC samples, this condition has a distinct clinical
phenotype from other types of uveitis, and several previous
studies have identified differences between FHC and CU
patients in vitreous cellular infiltrate and cytokine production,
suggesting a Th1 mediated response with CD8" cells and few
B cells as characteristic of FHC [27,28]. Recent studies have
linked a positive antibody titer to rubella virus to FHC,
suggesting a viral etiology supported by the cytotoxic T cell
findings [29,30]. By comparison, idiopathic CU is by
definition long-standing, mediated by T lymphocytes and
inflammatory cytokines. How these different etiologies
impact on themetabolome is a current area of interest.
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The presence of lactate in human vitreous humor has been
reported based on observations using in vivo NMR
spectroscopy with a voxel focused largely on the vitreous
region [19]. Variations in vitreous lactate levels following
induced ocular hypertension in the rabbit have also been
reported [18]. We can confirm here that lactate is present as a
major metabolite in human vitreous, suggesting limited
availability of oxygen within the eye. However, we saw no
significant variation in the levels between chronic and lens
induced uveitis, suggesting that the inflammatory processes
were not inducing changes in oxygen demand or delivery. The
significant differences in oxaloacetate and urea we observed
are of interest in these inflammatory conditions as both
molecules are involved in the urea cycle. In particular, urea is
produced in the metabolism of arginine to ornithine, a process
that has been described in both activated macrophages and
endothelium at the expense of nitric oxide production [31]. In
macrophages, alternatively activated cells (M2) produce
ornithine in response to lipopolysaccharide (LPS), and
ornithine stimulates cell proliferation while nitric oxide is
known to inhibit such a response [32,33]. Similarly, ornithine
synthesis has been described in human umbilical vein
endothelial cells (HUVEC) stimulated with cytokines and
LPS, which induce endothelial cell proliferation [34]. That
levels of these molecules were significantly different in
samples from patients with LIU may be due to the nature of
the conditions, LIU presents as an acute response to lens
fragments penetrating the vitreous cavity, while CU is by
definition from patients with longstanding disease.

The cellular infiltrate present in uveitic vitreous suggests
that leukocyte-derived metabolites may contribute to the
profiles seen, since many of the metabolites appear to be
derived from intracellular metabolic pathways. However,
resident cells might produce other metabolites so the
discrimination we have seen may better reflect the total
cellular activity rather than metabolite production from just
infiltrating cells. While we have attempted to assign peaks to
known metabolites, the contribution of the whole spectrum of
molecules may be critical in its usefulness in disease
assessment and the MVS model we built confirms this and
shows that as few as 13 regions of the spectra can be used to
discriminate between samples. The different processes
involved in these conditions that contribute to the metabolic
profiles are supported by analysis of factors in vitreous fluid
which showed growth factors and cytokines specific for each
disease state [35].

In conclusion, this is the first description of metabolomic
analysis of human inflammatory disease, and of vitreous
samples in conjunction with appropriate bioinformatic
analysis. The data shows a clear separation between different
disease types with high sensitivity and specificity. While
prospective validation studies on both metabolic profiles and
metabolite identification are required, such global profiling is
currently being tested with regards to prognosis, diagnosis and
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response to treatment in several disease states, and
importantly whether such discrimination can be found in
metabolic profiles from serum samples from these patients.
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