
NEW VOICES IN CHEMISTRY

T
he stability of our nation’s

health care system is intimately
linked to continuing and rapid
advances in the biological and
chemical sciences. The current

crisis in our health care system is evinced
by the almost prohibitively high costs for
medical assistance, services, and prescrip-
tions and by the fact that millions of Amer-
icans live without adequate health insur-
ance coverage. 

This situation suggests that insufficient
intellectual and research energy is
focused on reducing health care
costs. One of the top priorities for
current and future biological and
chemical researchers is to concen-
trate on technological advances
(such as in vitro diagnostics, non-
invasive diagnostics, and point-of-
care diagnostics) that could lead to
major improvements in the accu-
rate detection, characterization,
and diagnosis of human disease.
These advances could ultimately
result in decreased health care
expenditures for all Americans by
reducing and preventing misdiag-
noses, patient retesting, and unnec-
essary surgical procedures.

One particular area that needs
improvement is the diagnostic use of in
vitro procedures, which help detect and
diagnose diseases with specific protein bio-
markers via the interaction of a protein
antigen with an immunoglobulin-type anti-
body or vice versa. Immunoassays in par-
ticular are routine techniques in the clini-
cal and hospital laboratory, yet they have
two notable drawbacks: 

• They can give false-positive or false-
negative results due to cross-reactive anti-
bodies or heteroantibodies.

• Depending on the source or type of
antibody (monoclonal or polyclonal), vari-
able molecular forms of the disease bio-
marker could be detected. 

Thus, commercial kits from different
manufacturers are likely to produce con-
flicting results, which could lead to the
need for patient retesting or result in the

patient undergoing unnecessary and
costly medical procedures.

The source of the problem is the use of
inadequately characterized antibodies
raised from different sources that are sub-
sequently used to detect and to quantita-
tively measure disease biomarkers whose
true molecular identities are not accurately
known. Not much can be done about the
different sources of antibodies used in
commercial immunoassay kits, because the
manufacturers of these kits cannot be

forced to use one particular source of anti-
body. However, the detection and diagno-
sis of disease could be significantly
advanced if immunoassay kits—in vitro
diagnostics in general—were standardized
against a well-characterized, absolutely
known biomarker for a given disease.

The rapidly accumulating gene and pro-
tein data being generated by the explo-
sion in genomics will likely result in the
absolute identification of many important
disease biomarkers within the next five to
10 years. The final measurement of these
biomarkers in patient samples and the
diagnosis of disease will ultimately depend
on having fully characterized and trace-
able biological and chemical standard ref-
erence materials (SRMs). SRMs should
be materials based on human plasma or
serum that contain an exactly known

quantity of biomarker in their clinically
significant molecular forms.

In anticipation of the national and inter-
national benefits to the clinical and medical
communities and to the entire in vitro di-
agnostic industry, National Institute of
Standards & Technology researchers, in col-
laboration with researchers at such in-
stitutions as the Mayo Clinic, the Centers
for Disease Control, and Johns Hopkins
University, recently initiated research and
development on health-status SRMs for
diseases such as arteriosclerosis, diabetes,
and prostate cancer. SRMs that are based
on either low-molecular-weight or high-
molecular-weight biomarkers are being
studied. Research involving chemists, bio-
chemists, and biologists is focused on devel-
oping and applying sensitive and selective
analytical techniques such as liquid chro-
matography/mass spetrometry to the
molecular characterization and microscale

determination of these important
biomarkers. This is a formidable
challenge, because many of the bio-
markers are low-concentration pro-
teinaceous biomolecules that ex-
hibit both heterogeneity and
microheterogeneity. For example,
prostate-specific antigen (PSA) is a
clinically relevant biomarker for
prostate cancer; however, because
it is a heterogeneous glycoprotein
that exists in several molecular
forms in serum, its accurate detec-
tion and measurement is limited by
the lack of fully characterized global
reference standards.

To prepare a clinically or med-
ically useful SRM for the PSA, it will
be necessary to characterize its

molecular heterogeneity, separate the het-
erogeneous forms and complexes, and then
quantify the remaining minuscule amount
of free PSA. PSA reference materials, as
well as other biomarker reference materi-
als, will revolutionize in vitro diagnostic
procedures by making the procedures more
accurate, reliable, and traceable. The ben-
efits to society will be reflected, in part, by
a clear reduction in the amount of out-of-
pocket health care expenditures per capita.
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