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René P. Zahedi,1,2 Carol E. Parker,3 and Christoph H. Borchers1,2,3,4*

There is an ever-increasing need for robust and cost-
effective methods that allow researchers and clinicians to
detect molecular signatures of disease from patient sam-
ples, such as biofluids or biopsies. Traditional methods
for measuring protein concentrations often lack specific-
ity, precision, throughput, or robustness. Indeed, cou-
pling of specific enrichment of analytes with MALDI-
TOF mass spectrometry (MS)5 for specific identification
and precise quantification of analytes is an important and
powerful strategy to overcome these issues and to expand
the toolbox for clinical diagnostics.

In this issue of Clinical Chemistry, Darebna et al.
describe the use of MALDI-TOF-MS to determine the
relative ratios of normal transferrin to carbohydrate-
deficient transferrin (CDT) (1 ). CDT, a known marker
of alcohol abuse, results from the loss of the glycosylation
normally present on 2 asparagine residues located in the
C-terminal domain of this protein. Typically, these 2
glycosylation sites are occupied by complex biantennary
glycans terminated with N-acetylneuraminic acid (2 ).
The loss of one or both of these glycans leads to measur-
able shifts in the mass of the transferrin protein, which
can be detected by MS.

Traditionally, CDT is measured using capillary elec-
trophoresis (CE) and HPLC-based assays, which are con-
sidered the gold standard in the field; yet, both lack ro-
bustness because they are prone to errors due to serum
quality, which can impair the separation and therefore
quantitative read-out. Darebna et al. compared their new
MALDI-based method to the CE-based gold standard by
analyzing serum from 186 patients. Importantly, 7 samples
could not be measured by CE due to the aforementioned
robustness issues and the presence of high amounts of lipids
in those samples. Impressively-high correlation coefficients
(r � 0.986, 95% CI) and low total %CVs (4.6%) were

reported between the CE method and the new MALDI-
based method. Importantly, the MALDI-based proce-
dure showed less interference from hemolysis than the
CE-based method (3, 4 ) and, as stated in the Darebna
et al. article, the HPLC-based method. The other major
advantage of this new approach for CDT detection is that
actual analysis by MALDI-TOF-MS typically takes only
a few seconds per sample. To avoid the need for HPLC-
or CE-based separation of transferrin from other pro-
teins in patient serum, the target protein is captured
on antitransferrin antibodies that have been immobi-
lized on the MALDI target. The MS analysis of the intact
immunoaffinity-captured proteins can distinguish all 3 of
the important isoforms—the normal protein, and the pro-
tein that has lost one or both of the glycans.

Using a cutoff value of 1.6% relative peak area
for the triply charged transferrin molecular ion and its
carbohydrate-deficient isoforms, the MALDI chip assay
detected 44 patients who were positive for alcoholism
and 142 who were negative for alcoholism, whereas the
CE assay yielded 44 positive and 135 negative results. In
fact, the correlation of the MALDI-TOF-MS assay with
actual alcoholism was probably even higher than stated in
the paper because 5 patients were found to be false negatives
and 2 were found to be false positives by the MALDI-
TOF-MS method, showing the increased accuracy of the
MS-based assay compared to the “gold standard” CE assay.
In addition, as mentioned above, 7 samples could not be
analyzed by CE due to interference from lipemia, which did
not affect the MALD-TOF-MS results.

What is exciting about this work is that it is not only
an important assay in its own right but is also one of an
ever-increasing number of assays that can be adapted for
use on bench-top MALDI instruments that are already in
clinics for bacterial identification, as the authors point
out in this paper. These bench-top instruments (the
Bruker’s BioTyper CA and Shimadzu’s AXIMA Micro-
organism Identification System) have already been ap-
proved by the US Food and Drug Administration for the
identification of bacteria, and several hundreds of these
instruments are already present in clinical laboratories.
These instruments are robust, easy to use, and do not require
extensive training. Although MALDI as such does not pro-
vide sufficient dynamic range and resolving power for the
direct analysis of low-to-moderate-abundance analytes in
clinical samples, the use of specific enrichment techniques,
such as antibodies, can compensate for this and can also
provide the potential for parallelization and automation of
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clinical assays. In fact, the assay described by Darebna et al.,
which used a 40-spot MALDI target, was used for the rapid
and multiplexed analysis of 11 samples in triplicate.

Based on our own experience, assays that combine
immunoenrichment with MALDI as read-out (immuno-
MALDI) can easily be automated using liquid-handling sys-
tems, which would provide increased sample throughput
(5, 6) and reduce the overall analysis time. In addition to the
example shown in the Darebna et al. paper, immuno-
MALDI has been developed for a variety of targets (7–10).
Immuno-MALDI methods include the use of both antipro-
tein (11) and antipeptide antibodies (12, 13), with the
opportunity for absolute quantification of analyte concen-
trations being provided through the use of stable isotope-
labeled standard peptides (14, 15) or 15N-labeled proteins
(16). The advantages of enrichment do not apply only to
the analysis of bodily fluids. This technique is also applicable
to biopsies and even formalin-fixed paraffin-embedded
samples, and is not limited to protein and protein glycosyl-
ation but also includes protein phosphorylation.
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