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LC/MS Solidifying Key Role in Clinical Labs

Novel Realms Are Being Explored to Expand
the Technique’s Usage over the Next Decade

Waters’

and therapeutic
drug monitoring.

K. John Morrow Jr,, Ph.D.

as or liquid chromatography
combined with mass spectrom-
etry is widely recognized as a
versatile and powerful tech-
nique for the investigation of complex
chemical mixtures. A state-of-the-art
accounting of progress in this area took
place recently in Hong Kong at the confer-
ence on “New Horizons in Clinical
Chemistry.” The meeting, organized by C.
S. Ho, M.D., of the Prince of Wales
Hospital, Hong Kong, had a strong focus
on clinical applications and explored new
advances in liquid chromatography tech-
nology coupled to mass spectrometry.

“Mass spectrometers as clinical tools are
being increasingly adopted for a host of clin-
ical applications by the global clinical labo-
ratory community,” said Michael Morris,
Ph.D., head of clinical business operations
for Waters (www.waters.com). According to
Dr. Morris, current clinical assays harness
only a fractional percentage of the power of
the instrumentation so there is a large effort
in place toward the development of new
MS-based biomarker assays.

From the mid *90s, with the analysis of
acylcarntinites and amino acids from neona-
tal blood spots, high-throughput applica-
tions based on mass spec have been widely
adopted. Since that time, this technology has
played an increasingly important role in
clinical analysis, to the point where it is
common to find it in laboratories with
applications for endocrinology, toxicology,
and therapeutic drug monitoring.

“Now, new realms are being explored,
and while they are still in the discovery
phase, they promise to yield exciting new

K. Jobn Morrow Jr., Ph.D.
(jmorrow@genengnews.com), is
president of Newport Biotech and
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applications in the next decade,” Dr.
Morris explained.

The rise of automation, combined with
ease of clinical operations and the growing
use of these systems in a nonspecialist envi-
ronment have become motivating forces for
companies engineering new, more user-
friendly instruments. The concept of ana-
lyzing hundreds of samples per day on a
single system was met with incredulity a
mere decade ago, whereas, that is a mini-
mum expectation today. As the needs of
clinical laboratories continue to evolve,
companies are looking to mass spec for new
applications.

Classically, 95% of LC/MS technology
has been applied to characterizing com-
pounds with a molecular weight of less
than 1,300 daltons. However, recent devel-
opments in biomarker discovery using
more advanced types of mass spectrome-
ters are generating data pertaining to mul-
tiplexed indicators of disease.

“With the emergence of protein bio-
marker analysis by mass spec, some signif-
icant sample preparation may be
required,” Dr. Morris said. “This is due to
the fact that the target compounds need to
be broken down into their constituent pep-
tides for accurate and precise quantifica-
tion, and interfering contaminants need to
be eliminated from the sample to ensure
analytical integrity.”

Alan Wu, Ph.D., is chief of the clinical
chemistry and toxicology laboratories at San
Francisco General Hospital. At the meeting,
he discussed the transitioning of his toxicolo-
gy lab from gas to LC/MS, as well as the role
of immunoassays and time-of-flight (TOF)
mass spec in compound identification.

Most toxicology testing performed in hos-
pitals is immunoassay based, an approach
which is less than ideal for a number of rea-
sons. There are many more drugs than there
are immunoassays, and many compounds
have similar structures. Highly specific anti-
bodies can be raised to individual drugs but
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this increases the number of assays by an
order of magnitude, and companies have not
stepped up to improve testing accuracy.

According to Dr. Wu, immunoassays
won’t become obsolete as they cannot be
replaced. Immunoassays are very fast, 20
minutes at most, and they require no sam-
ple preparation. Incremental costs are quite
low, under one dollar per assay. On the
other hand, LC/MS requires at least an
hour depending on whether there is on-line
extraction, but this contrasts with GC/MS,
which requires three to four hours.

Various mass spec tools provide a range
of options for compound identification.
Because LC/MS is based on the use of a
polar mobile phase, many preliminary pro-
cessing steps can be eliminated. But the
advantages must be weighed against the
higher instrument costs and the caveat that
GC/MS provides more resolution than lig-
uid chromatography. Another option is the
addition of tandem mass spec to the plat-
form because the mass spectrum can differ-
entiate between co-eluting compounds uti-
lizing parent-daughter transition ions.

According to Dr. Wu, TOF is the next
emerging technology; it offers interesting
advantages over both GC and LC. These
latter technologies rely on fragmentation
patterns, retention times, and library search-
es for identification, so they require preexist-
ing knowledge. TOF can identify complete
unknowns since it gives exact molecular
weight to parts per million accuracy.

“You have to know where these things
come off,” Dr. Wu continued. “We’re not
interested in introducing fragments. TOF
changes the paradigm because it gives pre-
cise molecular weight to 3-4 decimal
points. You can determine the exact molec-
ular formula of a target compound so that

See LC/MS on page 38
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LC/M S Continued from page 37

compound can now be found without
knowledge of its retention time.”

Among the most significant advances in
late 20" century medical science are PCR
and LC/MS, according to Paul Taylor, senior
scientist in the department of clinical phar-
macology at Princess Alexandra Hospital,
Queensland, Australia. “Mass spectrometry
is over 100 years old, yet it continues to
exert a profound influence over the field of
clinical diagnosis,” Taylor stated.

Mass spec with its speed, sensitivity, and
specificity is an ideal tool to aid clinical
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diagnosis. With recent improvements in the
technology, it is now accessible to clinical
laboratories that lack a mass spec specialist.
Historically limited to gas chromatography,
the technology was confined to compounds
that could be easily volatilized, so as to be
amenable to ionization.

All this changed in the 1980s when elec-
trospray and atmospheric pressure chemical
ionization enabled the coupling of HPLC
and mass spectrometry. Now, a wide range
of analytes, all the way from small mole-
cules to proteins such as hemoglobin, can
be subjected to analysis. This resulted in an
explosion of publications applying electro-
spray to a variety of macromolecular char-
acterization problems.

“With strong advances in instrumentation
driven by the pharmaceutical industry, we
now possess an exquisite clinical analytical
instrument in the LC-tandem mass spectrom-
eter,” Taylor said. Among the most notable
applications is newborn screening for inborn
errors of metabolism such as phenylke-
tonuria. While these tests were classically per-
formed using bacterial auxotrophs, “because
the automated mass spectrometer recognizes
other aminoacidemias simultaneously, it rep-
resents a useful development toward a broad-
spectrum neonatal screening method.”

LC/MS-based screening for inherited
metabolic disorders has grown into a
major clinical segment, with four million
infants screened in 2005. Today isotope-
dilution mass spectrometry, which employs
loop injection and allows the analysis of up
to 1,000 samples per day, is favored. The
technology makes possible the coverage of
rare disorders, which was not possible in
the past. Another important application of

LC/MS is therapeutic drug monitoring,
especially immunosuppressive, antiepilep-
tic, antipsychotic, and anti-AIDS drugs.

Yet another key clinical protocol is hor-
mone measurement. Taylor discussed testos-
terone measurement by immunoassay,
which has long been problematic due to the
large range of concentrations in patients
(e.g., children, females, and males) and
because of issues of selectivity, accuracy, and
sensitivity. LC/MS offers a viable alternative
to measure this class of compounds.

Despite the merits of mass spec clinical
diagnostic platforms, their acceptance has
been limited. According to Taylor, a triple
quadrupole instrument requires an initial
capital investment of greater than $150,000,
whereas immunoassays are supplied by the
manufacturer on a reagent-rental basis.
Furthermore, the complexity of mass-spec
technology has been a daunting barrier in
the past, although this is gradually being
overcome as more user-friendly instruments
come on-line.

LC/MS is an important technology, clear-
ly more versatile than GC/MS, still evolving
but possessing the potential to greatly
extend the analytical capabilities of the clin-
ical laboratory. Taylor predicted that new
MS-relevant biomarkers for disease will be
discovered, which will extend the limited
range of the current technology.

“A quantum leap is required to help
place LC/MS in the same league as the
chemistry auto-analyzer,” Taylor said, “and
we may require the introduction of a radi-
cal alternative technology such as MALDI
or the combination of antibody-based sam-
ple preparation with mass spectrometry to
move the process forward.”

Eksigent’s NanoLC systems employ the company’s
microfluidic flow control technology, which it says
creates rapid, reproducible, low-flow-rate binary
gradients.

Taylor concluded with a warning that
there are many challenges facing the imple-
mentation of LC/MS in the clinical laborato-
ry; the need for suitable internal standards,
better sample preparation, improved
automation, and the challenges of extensive
interpatient variability. “But there is no
doubt that this technology is making an
impact on the diagnosis and treatment of
patients now and will be increasingly rele-
vant in the future,” he added.

Parathyroid Hormone Assay

Ravinder J. Singh, Ph.D., co-director of
the endocrine laboratory at the Mayo Clinic,
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According to Shimadzu, the combination of
Prominence and new reversed-phase columns
achieves ten times higher speed compared to
conventional HPLC systems.

related a complex story on the building of an
accurate serum assay for human parathyroid
hormone (PTH). This critical hormone
increases the concentration of calcium in the
blood by interacting with its receptor. “Its
measurement is essential for the diagnosis of
a number of pathological conditions, includ-
ing hypercalcemia, hypoparathyroidism,
hyperparathyroidism, and renal osteodystro-
phy,” he stated.

Traditionally, parathyroid hormone lev-
els are measured using immunoassays in
which antibodies against the entire 84
amino acid molecule are employed. A trun-
cated (7-84) peptide is an indicator of
renal bone disease. Accurate quantitation
of hormone levels is critical, given that ele-
vated levels are frequently treated by sur-
gery to remove the parathyroid.

Inaccurate measurement of parathyroid
hormone levels has led to extremely serious
consequences, according to Dr. Singh. In
2009, Quest Diagnostics was ordered to
pay $302 million to address accusations
that Nichols Institute Diagnostics, its sub-
sidiary, sold misbranded test kits.

The case, targeting Nichol’s Advantage
Chemiluminescence Intact Parathyroid
Hormone Immunoassay, originated with a
whistle-blower suit brought by Thomas
Cantor. He noted that the test had an
upward drift resulting in erroneously high
values for serum parathyroid hormone lev-
els, resulting in unnecessary parathyroidec-
tomies and futile treatment with vitamin D
analogues in misdiagnosed patients.

Dr. Singh and his colleagues have investi-
gated the causes of the drift, and while there
are numerous possible factors contributing to
the failure of the assay, the most significant
cause appears to be the reference calibrator, a
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Liquid Chromatography Instruments and Supporting Components

Company

Agilent Technologies
www.agilent.com

Dionex
www.dionex.com

Eksigent Technologies
www.eksigent.com

Gilson
www.gilson.com

Jasco
WWW.jasco.com

PerkinElmer
www.perkinelmer.com

Phenomenex
www.phenomenex.com

Pickering Laboratories
www.pickeringlabs.com

Restek
www.restek.com

Sepax Technologies
www.sepax-tech.com

Sepragen
Www.sepragen.com

SGE
Wwww.sge.com

Shimadzu
www.shimadzu.com

Teledyne Isco
WWWw.isco.com

Thermo Fisher Scientific
www.thermo.com

Unimicro Technologies
www.unimicrotechnologies.com

Waters
www.waters.com

Whatman
www.whatman.com

Lead Products

Ultrahigh-performance LC solutions: Agilent 1290 Infinity LC as well as rapid-resolution and low-flow LC systems. For routine
standard HPLC applications: Agilent 1200 Series LC, Agilent 1120 Compact LC—compact design and simplified approach

UltiMate 3000 system controlled by the Chromeleon® Chromatography Data System software
The NanoLC-1D plus is a 1-D nano HPLC configured with a third pump, and the NanoLC-2D is a 2-D nano HPLC.
Fraction trapping liquid chromatography (FTLC) system incorporates GX-271 liquid handler/injector,

three 306 HPLC pumps, and the 155 UV/VIS detector with column switching via the Valvemate® Il valve actuator

HPLC LC-2000 Plus series and X-LC series of components are designed to operate at pressures approaching
15,000 psi for either gradient or isocratic separations.

LC or ultrahigh performance, UV/Vis, or fluorescence detector. Wide offering of pumps, detectors, autosamplers,
and other accessories. Control and data-handling software provide improved range of configurations.

Full range of silica and polymer-based reversed-phase columns from standard C18, C8, C4, and C5 columns to specialized selectivities
such as C12, Phenyl-Hexyl, and PFP. Also reversed-phase columns in high speed, LC/MS, analytical, and preparative formats.

Columns and guards are intended for specific applications that require postcolumn derivatization. Technology facilitates
detection of certain classes of compounds at very low concentrations—amino acids, carbamate pesticides, and polyamines.

Ultra II™ columns adaptable to many current LC systems
Bulk materials for preparative chromatography
Superflo® radial flow columns allow high throughput at low pressures from 50 mL to 350 L scale. The Wedge® columns allow

downscaling or upscaling. The Versaflo™ traditional columns allow size-exclusion steps and expanded-bed operations.

Protecol™-P C18 HQ100-inert HPLC column. The NIST SRM870 method is designed to provide an even
benchmark for C18 column performance.

Prominence HPLC system has a variety of applications, features Web control, fast sample injection, and high
detection sensitivity.

Chromatography product line includes instruments and accessories for purification of organic compounds in normal-
phase and reversed-phase separations, and for bio-purification of proteins, peptides, and other biopolymers.

Accela High Speed LC: HPLC and U-HPLC in high-speed chromatographic system for chromatographic separations over a range
of flow rates and pressures, optimized for separation of sub two micron particles

BiSep™-1100 high performance liquid chromatography system, a newly released separation system with good quality,
reliability, and accuracy.

Acquity UPLC columns: advanced LC columns designed for use in applications up to 15,000 psi (1,000 bar).
Product line of HPLC products ranging from the Partisil™ high-purity silica gel for normal-phase separations to several

different bonded phases for reversed-phase or ion-exchange separations. In addition, the PartiSphere™ 5 pm spherical media
are available with different chemistries in a void-sealing column configuration for optimum speed and resolution.

human parathyroid hormone preparation
from 1981. Today, none of the current PTH
immunoassays use this calibrator.

With the help of LC/MS/MS to obtain
accurate quantification of the 1-84 peptide,
Dr. Singh’s team investigated cleanup meth-
ods and the properties of the peptides from
the digestion of the complete hormone mol-
ecule. They were able to obtain information
on the interference of the various PTH pep-
tides running the entire length of the mole-
cule. The group performed a study compar-
ing the LC/MS/MS methods with Roche’s
(www.roche.com) Cobas immunoassays.

“From these investigations we found that
there is a need to harmonize immunoassays
for quantifying intact PTH,” Dr. Singh stat-
ed. For this reason we have developed a ref-
erence method to specifically quantify the
bio-active form of the complete, biologically
active parathyroid hormone.” GEN|
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