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Biopsy-based prostate biomarker research: 
opportunities and challenges

Much of the research that has been done on prostate cancer 
tissue biomarkers has relied on radical prostatectomies for 
biospecimens. Although this is a logical choice for studies 
of organ confined prostate cancer, the fact that most 
prostate cancers are not visibly evident in fresh surgical 
specimens can make collection of fresh-frozen tumor tissues 
somewhat challenging. Moreover, it is well recognized that 
in biorepository radical prostatectomy specimen collections, 
important groups of patients are under-represented 
or missing entirely. Men who are diagnosed with high 
volume and/or high-grade prostate cancer are often 

treated with hormonal and radiation therapy rather than 
surgery; for these high-risk patients there are no radical 
prostatectomy specimens. In addition, at many centers, 
including the University of Alabama at Birmingham, a 
preference of African American patients for non-surgical 
treatment has been a factor in creating an unintentional 
under-representation of this important patient population 
in radical prostatectomy collections. One of the major 
priorities in prostate cancer biomarker research is to ensure 
that high-risk patients and African American patients are 
well represented in the datasets that inform our thinking 
about prostate cancer biology. 
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Abstract: Much of the research that has been done on prostate cancer tissue biomarkers has relied on 
radical prostatectomies for biospecimens. However, it is well recognized that important groups of patients 
are under-represented or missing entirely from biorepository collections of radical prostatectomy specimens. 
Using prostate biopsy tissues for molecular biomarker research significantly expands the range of available 
patients to include men whose biopsies show no cancer as well as men who are treated non-surgically or who 
choose active surveillance. However, one of the challenges of biopsy-based biomarker research is the limited 
amount of tissue that can be obtained from each core. To address this challenge, we have developed and fully 
implemented innovative biopsy tissue print technologies that allow us to obtain high quality RNA and DNA 
from each biopsy core without compromising the specimen for a pathologic diagnosis. Prostate biopsy tissue 
print samples have been successfully utilized for gene expression profiling, genotyping, DNA methylation 
and sequencing analyses. Emerging biopsy tissue print applications include studies using viable cells to study 
tumor metabolism and drug response.
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research significantly expands the range of available patients 
compared to studies that rely only on radical prostatectomy 
specimens (1,2). These include men whose biopsies show 
no cancer and men diagnosed with lower risk disease who 
choose active surveillance as well as men who are treated 
non-surgically. However, one of the challenges of biopsy-
based biomarker research is the limited amount of tissue 
that can be obtained from each core. A prostate biopsy 
core is approximately the size of half a toothpick. Clinical 
care must come first, and the priority for prostate biopsy 
specimens is a pathologic diagnosis. Frequently, after 
biopsy cores have been fixed in formalin, embedded in 
paraffin and sectioned at several levels to produce slides for 
histopathology, only a narrow sliver of residual formalin-
fixed paraffin-embedded (FFPE) tissue remains in the 
block as a potential research specimen. The introduction 
of clinical biomarker tests that use prostate cancer tissue 
is creating new challenges. At many centers, the demand 
for additional sections for clinical molecular testing has 
increased to the point where access to residual FFPE biopsy 
tissue for research must be restricted or prohibited.

Tissue print technologies as a practical 
approach to prostate biopsy biomarker research

To meet the challenges of biopsy-based tissue biomarker 

research, we have developed and fully implemented 
innovative tissue print technologies that allow us to obtain 
high quality RNA and DNA from each biopsy core without 
compromising the tissue specimen for pathology processing 
and diagnosis. Tissue prints are nitrocellulose touch preps 
that combine a classic biological research technique with 
contemporary methods for molecular biomarker analysis. 
With larger specimens such as radical prostatectomies, 
tissue prints provide a practical approach to characterizing 
molecular biomarkers at surgical margins (3) and mapping 
tissue slices for pathology or imaging correlations (4). With 
prostate biopsies, tissue prints support molecular biomarker 
studies of valuable specimens that may otherwise be 
significantly limited or entirely unavailable for research (5,6). 

The collection of prostate biopsy tissue prints is 
illustrated in Figures 1,2. Prostate biopsy is usually an 
outpatient procedure and we have incorporated biopsy 
tissue print collection into the routine clinical workflow of 
these outpatient-based biopsy sessions. Because only one 
needle is used for a biopsy procedure and 12 or more cores 
may be obtained, each core must be transferred in turn 
from the cutting needle to a jar of formalin fixative. A tissue 
print is collected by using a nitrocellulose paper to transfer 
the tissue from the cutting needle to the fixation jar. Of 
importance, blotting the core with nitrocellulose paper does 
not dry or cause other artifacts in the biopsy tissue. The 

Figure 1 Overview of prostate biopsy tissue print collection and processing. Tissue prints are collected during the transfer of the biopsy core 
from the cutting needle to the jar of formalin fixative. The tissue core is submitted for pathology diagnosis; the tissue print is snap frozen 
and sent to the laboratory where it will be processed for biomarker studies. Formalin: 10% neutral buffered formalin. H&E, hematoxylin 
and eosin staining; IHC, immunohistochemistry; AMACR, alpha-methylacyl-CoA racemase (a prostate cancer marker). 
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tissue core is then immersed in formalin fixative as usual and 
submitted for pathology diagnosis; the tissue print is snap 
frozen and sent to the laboratory where it will be processed 
for biomarker studies. The imprint of the biopsy core is 
visible on the nitrocellulose paper, confirming the success of 
collection (Figure 2). In some cases, during the transfer, one 
end of the print and core are marked with ink to facilitate 
orientation of the tissue print with the H&E sections 
produced from the core during pathology processing. This 
allows the processing lab to trim the tissue print to enrich 
for areas of cancer or other regions of interest. 

We routinely prepare purified RNA and DNA from 
each biopsy tissue print using a commercially available kit 
(Qiagen AllPrep DNA/RNA) with a modified protocol 
(Figure 3). The approach to processing tissue prints for 
RNA and DNA biomarkers is based on techniques used 
to purify RNA and DNA from fibrous tissue. Cellular 
material is solubilized into a nucleic acid stabilizing buffer 
using a bead mill such as a Retsch Qiagen TissueLyser or 
similar unit. The nitrocellulose fibers are then removed by 
filtration before beginning RNA and DNA purification. 
The yield of purified RNA and DNA from each tissue print 

depends in part on the cellular composition of the tissue 
in the biopsy core. For tissue prints from biopsy cores that 
contain >50% high-grade prostate cancer, the median yields 

Figure 2 Collection of prostate biopsy tissue prints. (A) Transfer 
of biopsy core from the biopsy cutting needle to the nitrocellulose 
paper; (B) biopsy tissue print snap-frozen on dry ice. Note that 
imprint of the prostate biopsy core is visible on the nitrocellulose. 

Figure 3 Processing of prostate biopsy tissue prints to prepare 
purified RNA and DNA. A modified Qiagen AllPrep RNA/DNA 
protocol is used to prepare purified RNA and DNA from each 
tissue print. Using a bead mill (a Retsch Qiagen TissueLyser 
or similar unit) for sample disruption increases the efficiency 
of extraction of cellular material with a closed-tube procedure 
that prevents aerosols. Mechanical filtration is used to remove 
nitrocellulose fibers before RNA and DNA preparation. DNA 
yield is monitored using a validated PCR based system [Quantifiler 
Human DNA Quantification Kit from Applied Biosystems (7)].  
GTC buffer: buffer containing the nucleic acid stabilizer 
guanidinium thiocyanate.
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of purified RNA and DNA are approximately 480 and 940 
ng, respectively. For tissue prints of cores with no cancer, 
the median RNA and DNA yields are approximately 250 
and 920 ng, respectively. Global gene expression analysis 
of biopsy “print-core” sample pairs using Affymetrix arrays 
shows excellent gene expression concordance between a 
tissue print and its corresponding biopsy core (Pearson 
0.96–0.98; R2 approximately 0.92–0.96). Because the tissue 
prints are snap frozen rather than fixed in formalin, the 
purified RNA and DNA is of high quality and suitable for 
advanced biomarker analysis; prostate biopsy tissue print 
samples have been successfully utilized for mRNA and 
microRNA gene expression profiling, genotyping, DNA 
methylation and sequencing analyses (8-12). Proteins can 
also be extracted from biopsy tissue prints either by using 
a commercial kit (Qiagen AllPrep DNA/RNA/Protein, 
for example) or by electrophoresis (see “print-phoresis” 
in reference 3). Print-phoresis is particularly well suited 
for protein immunoblot analysis (“western blots”) and for 
preparation of samples for protein mass spectroscopy.

Expanding opportunities for biopsy-based 
prostate biomarker studies

To date we have collected and processed biopsy tissue prints 
from more than 750 prostate biopsy procedures, including 
standard-of-care systematic biopsies and MRI-guided biopsy 
procedures. While correlations with pathology are a key 
component of each biomarker study, molecular annotations 
of MRI features are an increasingly important objective. In 
addition, we have begun to take advantage of the fact that 
the cells that are transferred from fresh prostate biopsy 
and surgical specimens to nitrocellulose are viable and can 
be used for live cell studies. As platforms for analyzing 
viable single cells become increasingly sophisticated, the 
opportunities to re-format tissue prints to study tumor 
metabolism and drug response are expanding. In summary, 
tissue prints provide a practical approach to biopsy-
based prostate cancer studies that is fully implemented 
for molecular biomarker research and well positioned for 
emerging technologies that can characterize viable cells.
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