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Tissue specimens are essential for biomedical and
clinical research. In situ detection of DNA, RNA, and
protein targets in tissues provides a powerful means to
understand disease at the level of the tissue microenvi-
ronment and to develop diagnostic biomarkers. How-
ever, biobanked samples are often small and valuable
collections are depleted over time. The analysis of
tissue biomarkers is also labor intensive, slow, and
expensive. In 1997, with these limitations in mind,
we started to develop array-based technologies for
high-throughput in situ analysis of biobanked tissues
and tumors.

In tissue microarray (TMA) technology, tissue
cores from hundreds to up to 1000 tissues are brought
together in a regular array format, sectioned, and ap-
plied for molecular analyses on microscope slides (1 ).
Hundreds of consecutive slides can be analyzed with
different antibodies and probes, thus facilitating the
rapid analysis of many tissues at a time and also of
many biomarkers/targets from consecutive sections.

Interestingly, what is now considered a routine re-
search tool in molecular pathology began its life in the
Cancer Genetics Branch of the National Human Ge-
nome Research Institute at NIH. This happened at a
time when technologies such as DNA microarrays had
just started to transform genomics research. In that
environment, it was natural for us to consider apply-
ing high-throughput, highly parallel, automated ap-
proaches to molecular pathology. We teamed up with
an engineer, Steve Leighton, and built the first manual
tissue arrayer prototype. Guido Sauter provided feed-
back from the pathology laboratory as well as ideas and
enthusiasm regarding the application of the technology

to tissue banks composed of tens of thousands of sam-
ples, as subsequently documented in many joint pub-
lications that were collaborations between investiga-
tors at NIH and in Basel (2, 3 ).

We decided to use cores of 0.6 �m in diameter
from each of the tissues (1 ). This allowed us to squeeze
almost 1000 samples on a single microscope slide,
which was almost an order of magnitude more than
with previous “multitissue block”– based strategies
(4 ). At the same time, the small size of the tissue sample
became the target of criticism: how can such a small
piece be representative of a heterogeneous tumor?
Even today, this question is discussed in TMA publica-
tions (5 ). Obviously, TMAs are optimized for through-
put and one cannot at the same time provide a thor-
ough investigation of each sample. TMAs are typically
applied to investigate entire biobanks or cohorts of
samples, not individual tumors. TMAs provide an es-
timate of biomarker prevalence in the population, but
to characterize expression patterns across an entire
sample it is necessary to use multiple punches per tu-
mor and use whole tissue sections. From genome se-
quencing we are now learning how multiple tumor
subclones can coexist and clonally evolve in different
parts of the tumor. Thus, no single piece of the tumor,
large or small, would ever fully account for all the var-
ious cancer cell clones and subclones in each patient.

Where has the TMA technology taken us in the
past 15 years, and what will the future look like? Mo-
lecular pathology and in situ detection of genomic al-
terations and protein targets are as important, if not
more important, today as in 1998. TMAs are com-
monly applied by cancer researchers, molecular pa-
thologists, biomedical and clinical research groups,
hospitals, and developers of diagnostic assays. Large-
scale resources of immunostained tissues and tumors
profiled on TMAs are now available in public web
pages (6 ), such as the Human Protein Atlas (http://
www.proteinatlas.org/). The importance of such refer-
ence data sources is bound to increase and is promoted
by innovations in digital pathology. When linked to
clinical and follow-up patient data, physical and digital
TMA repositories will facilitate discovery of patient
subgroups for therapy and companion diagnostics. We
will need to better integrate the exponentially increas-
ing cancer (gen)omics data with the phenotypes of the
tumor and the microenvironmental context. The avail-
ability of tissue biobanks in TMA format still needs
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improvement, particularly from clinical trials. We pre-
dict that TMAs will continue to be key tools for bio-
medical, translational, and clinical researchers as well
as for diagnostics and personalized medicine, at least
for the next 15 years.
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