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Abstract: Background: Personalization of cancer therapy requires molecular evaluation of tumor tissue. Traditional
tissue preservation involves formalin fixation, which degrades the quality of nucleic acids. Strategies to bank frozen
prostate tissue can interfere with diagnostic studies. PAXgene is an alternative fixative that preserves protein and
nucleic acid quality. Methods: Portions of prostates obtained from autopsy specimens were fixed in either 10%
buffered formalin or PAXgene, and processed and embedded in paraffin. Additional sections were immediately
embedded in OCT and frozen. DNA and RNA were extracted from the formalin-fixed, PAXgene-fixed, or frozen tissue.
Quantitative PCR was used to compare the quality of DNA and RNA obtained from all three tissue types. In addition,
5 um sections were cut from specimens devoid of cancer and from prostate cancer specimens obtained at prosta-
tectomy and fixed in PAXgene. They were either stained with hematoxylin and eosin or interrogated with antibodies
for p63, PSA and p504. Results: Comparable tissue morphology was observed in both the formalin and PAXgene-
fixed specimens. Similarly, immunohistochemical expression of the P63, PSA and P504 proteins was comparable
between formalin and PAXgene fixation techniques. DNA from the PAXgene-fixed tissue was of similar quality to that
from frozen tissue. RNA was also amplified with up to 8-fold greater efficiency in the PAXgene fixed tissue compared
to the formalin-fixed tissue. Conclusions: Prostate specimens fixed with PAXgene have preserved histologic morphol-
ogy, stain appropriately, and have preserved quality of nucleic acids. PAXgene fixation facilitates the use of prosta-
tectomy tissue for molecular biology techniques such as next-generation sequencing.
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Introduction

Prostate cancer (PCa) is the most common
malignancy in many Western countries, affect-
ing over 230,000 men each year in the U.S.
alone, and it is the second leading cause of
cancer death among American men [1].
Localized PCa is a clinically heterogeneous dis-
ease with significant variation in patient out-
come. Determining the most beneficial man-
agement strategy requires risk stratification
based on clinical factors and diagnostic/prog-
nostic biomarkers [2]. Though advanced PCa is
also clinically heterogeneous, most men are
treated with the same therapies. Biomarker-
driven therapies are just now beginning to enter
into clinical trials, and none have entered into
routine clinical practice.

It is essential to identify better predictors that
could guide therapeutic actions and help reach

the target of personalized medicine in PCa. In
this challenging context, next-generation sequ-
encing (NGS) technologies constitute powerful
tools to identify potential prognostic and predic-
tive biomarkers based on each patient’s muta-
tional landscape and expression signature. The
recent rise of sequencing of PCa genomes has
significantly increased our understanding of the
molecular basis of the disease [3-6]. Efforts are
being made towards translating these new find-
ings into clinical care [7, 8].

The development of biomarkers through NGS or
other methods requires access to high quality
specimens. In the case of PCa, this resource is
particularly difficult to acquire. PCa is rarely vis-
ible on gross examination due to its small size
or the intermingling of benign and malignant
glands, making sampling difficult and often
poorly representative of the tumor. Moreover,
standard prostatectomy specimen processing
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Figure 1. Autopsy prostate processing. Mirrored sec-
tions from four prostate specimens from autopsies
were fixed either in PAXgene or formalin. Two speci-
mens were fixed in PAXgene for 24 hours, and two
specimens were fixed in PAXgene for 48 hours. For
each prostate a frozen sample was taken before fixa-
tion.

requires that the gland should be fully fixed in
formaldehyde solution before sectioning to
guarantee the accurate assessment of surgical
margins [9]. Others have proposed methods to
freeze a larger fraction of the specimen, but
these methods compromise the “capsule” [10].
Formalin fixation causes the formation of chem-
ical cross links of nucleic acids and proteins,
thus resulting in degraded, fragmented DNA
and RNA [11]. The current study sought to eval-
uate an alternative, non-crosslinking fixation
reagent for prostate specimens. We demon-
strate that fixation of prostates with PAXgene
results in preservation of high quality DNA and
RNA with preserved tissue architecture and
staining characteristics.

Materials and methods
Tissue preparation

Four random prostates devoid of PCa were
obtained at autopsy and prepared by the
Human Tissue Resource Center (HTRC) at the
University of Chicago. Before fixation, a punch
biopsy was immediately embedded in OCT com-
pound and frozen. The remainder of each speci-
men was bisected. Half was fixed in 10% buff-
ered formalin for 24 hours using standard
fixation techniques and embedded in paraffin.
The other half was placed in PAXgene Tissue
FIX, 150 mL, or adjusted to ~4 mL per gram of
tissue, for either 24 or 48 hours (Figure 1).
Specimens were then incubated in ethanol-
diluted PAXgene Tissue STABILIZER, 150 mL,
or adjusted to ~4 mL per gram of tissue, for at
least three hours. PAXgene-fixed specimens
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were embedded in paraffin using standard eth-
anol-based techniques, avoiding all exposure to
formalin.

Similarly, as part of an Internal Review Board-
approved protocol, specimens with PCa from
four patients undergoing radical prostatectomy
were fixed in PAXgene Tissue FIX for 48 hours
and in PAXgene Tissue STABILIZER for at least
three hours. They were then embedded in par-
affin using standard ethanol-based tech-
niques.

Hematoxylin and eosin (H&E) staining and im-
munohistochemistry (IHC)

Five um sections from PAXgene-fixed paraffin
embedded (PAXPE) and formalin-fixed paraffin
embedded (FFPE) sample blocks were stained
with hematoxylin and eosin according to stan-
dard procedures. Two pathologists with exper-
tise in genitourinary malignancies (T.A., G.P.)
performed independent morphology assess-
ment including overall morphology and nuclear,
cytoplasmic and cell membrane details of the
prostatic gland and stroma, while blinded to the
fixation method.

For IHC, tissue sections were treated and
stained using the automated VentanaBench-
Mark XT System (PSA) or the Leica Bond llI
System (P63 and P504). For PSA detection,
anti-PSA antibody (DAKO, cat#A0562, Rabbit
IgG, polyclonal, 1:1500) was applied on tissue
sections and the antigen-antibody binding was
detected with Ultraview detection kit from
Ventana. For P63 detection, tissue sections
were treated with Bond Epitope Retrieval
Solution 2 (AR9640, Leica, Biosystems, EDTA,
pH 9) for 20 minutes. Anti-P63 antibody
(Biocaremedical, cat#CM163, clone: 4A4,
mouse 1gG2a, 1:100) was applied on tissue
sections for 25 minutes. For P504 detection,
tissue sections were treated with Bond Epitope
Retrieval Solution 1 (AR9961, Leica, Biosy-
stems, citrate buffer, pH 6) for 30minutes. Anti-
P504S antibody (Biocaremedical, cat#ACA-
200BK, Rabbit IgG, polyclonal, 1:50) was
applied on tissue sections for 25 minutes. For
P63 and P504 the antigen-antibody binding
was detected using Leica Bond Refine polymer
detection system (Leica Biosystems, DS9800).
Tissue sections were briefly immersed in hema-
toxylin for counterstaining. Images were
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Figure 2. Preservation of morphology and antigenicity depending on fixation method. H&E staining (left), and P63
(center) and PSA (right) immunohistochemistry of prostate tissues from autopsy specimens fixed in PAXgene (top)

for 48 hours or in formalin (bottom). Magnification X10.

Figure 3. Prostate cancer staining. H&E staining (A) and P63 (B), P504S (C) and PSA (D) immunohistochemical
staining of prostatectomy tissues fixed in PAXgene for 48 hours (top) or formalin (bottom). Magnification X10.

obtained on a DM6000B microscope (Leica) at
10x maghnification.

Nucleic acids extraction

Genomic DNA and total RNA from PAXgene-
fixed samples were isolated using PAXgene
Tissue DNA kit (PreAnalytiX) and PAXgene
Tissue mMIiRNA kit (PreAnalytiX), respectively.
Genomic DNA and total RNA from formalin-fixed
samples were isolated using QlAamp DNA FFPE
Tissue kit (Qiagen) and miRNeasy FFPE kit
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(Qiagen), respectively. Genomic DNA and total
RNA from frozen OCT embedded samples were
isolated using DNeasy Blood and Tissue kit
(Qiagen) and miRNeasy Mini kit (Qiagen),
respectively. All extractions were performed
using the manufacturer’'s recommended proto-
cols. Extracted DNA concentration was mea-
sured by Qbit® fluorometric quantification (Life
Technologies). DNA fragmentation and RNA
integrity number (RIN) were evaluated by
Screentape® electrophoresis system (Agilent

Am J Transl Res 2015;7(7):1227-1235
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Figure 4. DNA fragment length depending on fixation method. Representa-

é§$ The significance of the differ-
N ence between PAXPE and FFPE
samples was tested using a
paired Student’s T-test.

Results

tive results of DNA fragments length between prostate tissue samples fixed
in PAXgene for 48 hours or in formalin evaluated by Screentape® electro- . .
phoresis system. The electrophoregram for the FFPE sample shows smaller ~ Preservation of tissue morphol-

more degraded DNA as compared to the PAXPE sample.

Technologies). After extraction, DNA was stored
at 4°C and RNA at -80°C.

Reverse transcription assay

For each sample, 1 ug of RNA was transcribed
into cDNA using SuperScript VILO MasterMix
(Life Technologies) according to the manufac-
turer’s instructions. After reverse transcription,
cDNA was stored at -20°C.

Real time PCR assay

For testing DNA integrity, one forward primer
and six reverse primers (Supplementary Table
1) were designed to amplify six different tran-
script sequences with lengths of 88 to 817
base-pairs (bp) of the GAPDH gene. For testing
cDNA integrity, one forward primer and five
reverse primers (Supplementary Table 1) were
designed to amplify five different transcript
sequences with lengths of 95 to 983 bp of the
B-Actin (ACTB) gene. Real time quantitative
PCR assays were performed with 10 ng of
genomic DNA and one microliter of 1:4 cDNA
dilution, using iTaq Universal SYBR Green
Supermix (Bio-rad) according to the manufac-
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ogy and immunohistochemistry
characteristics

To evaluate the preservation of tissue morphol-
ogy under PAXgene fixation, sections of forma-
lin-fixed, paraffin-embedded (FFPE) and PAX-
gene-fixed, paraffin-embedded (PAXPE) speci-
mens were stained with hematoxylin and eosin.
On pathology assessment, the preservation of
tissue morphology in specimens was similar
regardless of fixation agent used (Figure 2A). It
was noted that using equivalent staining proto-
cols, PAXgene-fixed tissue exhibits stronger
eosinophilic stain, which does not affect the
nuclear detail. Some compromise in morpholo-
gy was noted in the autopsy sections fixed
using either technique, which was likely due to
extended post-mortem time prior to fixation.

Analysis of prostate tissue relies on immuno-
histochemical analysis using antibodies to
Prostate Specific Antigen (PSA), the basal cell
marker P63, and P504, a marker supporting a
diagnosis of malignancy. Using standard IHC
workflows, sections of PAXPE and FFPE pros-
tates devoid of cancer were evaluated for PSA
and P63. Comparable staining characteristics
and staining intensity were observed between
PAXPE and FFPE specimen for PSA and P63,
(Figure 2B, 2C). PSA staining was detected as a
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Figure 5. Preservation of DNA and RNA depending on fixation method. A.
Preservation of DNA. Line plot showing the difference in cycle threshold (Ct)
in real-time PCR targeting GAPDH gene DNA, between PAXgene-fixed and
formalin-fixed prostate tissue samples, and the corresponding Frozen tissue.
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reactivity on PAXPE sections
(Figure 3B-D).

Preservation of nucleic acid

quality
~FFPE

PAXPE To investigate the quality of

nucleic acids from the differ-
ent fixation methods, total
DNA and RNA were extracted
from each autopsy prostate
specimen. Sample yield var-
ied highly between specimens
but did not show significant
differences between the pres-
ervation methods (data not
shown). For DNA from both
types of tissue the average
fragment length was 5Kb or
more. PAXgene-fixed samples
were ~25% longer than forma-
lin-fixed ones (Figure 4). For
RNA samples, RIN scores
were below 2, and there was
no significant difference bet-
ween PAXgene- and Formalin-
fixed tissues. Quality of the
RNA extracted from frozen tis-
sue sample from each autop-
sy specimen ranged from RIN
1.51t0 3.

“FFPE
~PAXPE

1050

Each line represents the average values from 2 prostate specimens from

autopsies fixed for 48 hours. *: statistical significance, P-value < 0.05. B.
Preservation of RNA. Line plot showing threshold cycle (Ct) of real-time RT-
PCR targeting B-Actin gene cDNA from PAXgene-fixed or formalin-fixed pros-
tate tissue samples. Each line represents the average values from 2 prostate
specimens from autopsies fixed for 48 hours. *: statistical significance, P-

value < 0.05.

very intense stain in luminal cells of prostate
glands whereas P63 showed as strong nuclear
staining in the basal cells.

To confirm that there was minimal effect of
PAXgene fixation on immunohistochemical
analysis of tissue containing PCa, four prosta-
tectomy specimens were fixed in PAXgene
reagent for 48 hours. As seen with non-PCa tis-
sue, H&E staining demonstrated that tissue
morphology and architecture was well pre-
served (Figure 3A). PCa specimens underwent
immunohistochemical evaluation for P504, in
addition to PSA and P63. All three stained
strongly, demonstrating high levels of immune
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The relative quality of DNA
and RNA was evaluated by
real-time PCR and reverse
transcription real-time PCR,
respectively. To measure the
DNA template quality, as a
function of the fixation meth-
od, six primer pairs were designed to amplify
fragments of increasing length of the GAPDH
gene, from 88 bp to 817 bp. Consistently, DNA
from PAXPE samples demonstrated 4-8 fold
increased amplification efficiency (correspond-
ing to 2-3 lower cycle threshold value) com-
pared to FFPE samples (Figure 5A).

Five primer pairs were used to evaluate cDNA
quality, producing amplicons of increasing
length of the B-Actin house-keeping gene, from
95 bp to 983 bp. While RIN scores were low in
both formalin and PAXgene tissues, there was
a significant difference in cDNA template quali-
ty, with up to 8-fold increased amplification effi-
ciency in PAXPE samples (Figure 5B).
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Figure 6. Preservation of DNA and RNA depending on PAXgene fixation time.
A. Preservation of DNA. Line plot showing the difference in cycle threshold
(Ct) in real-time PCR targeting GAPDH gene DNA, between prostate tissue
samples fixed in PAXgene for 24 or 48 hours, and the corresponding Frozen
tissue. Each line represents the average values from 2 prostate specimens
from autopsies. *: statistical significance, P-value < 0.05. B. Preservation
of RNA. Line plot showing threshold cycle (Ct) of real-time RT-PCR targeting
B-Actin gene cDNA from prostate tissue samples fixed in PAXgene for 24 or
48 hours. Each line represents the average values from 2 prostate speci-

disrupting the capsule prior to
fixation, and without limiting tis-
sue collection to small samples
obtained without prior full path-
ological review. This represents
a particular advantage for stud-
ies evaluating the entire gland
or correlating morphologic or
staining features with molecu-
lar characteristics.

Hematoxylin and eosin stained
PAXPE prostate tissues provid-
ed good representation of his-
tologic features, similar to that
of formalin. As previously des-
cribed [12, 13] an EC FP7 proj-
ect aimed to improve pre ana-
lytic procedures, the PAXgene
Tissue System (PAXgene) both
hematoxylin and eosin were
modestly more intense in
PAXPE samples than in the cor-
responding FFPE samples.
Immunohistochemical analysis
revealed that fixation with
PAXgene did not alter immuno-
reactivity of antigens relevant
for PCa as compared to forma-
lin fixation. Staining and coun-
terstaining were intense for all
markers tested. Importantly,
immunohistochemical analysis

mens from autopsies. *: statistical significance, P-value < 0.05.

Fixation with PAXgene for 48 hours requires
alterations to the typical tissue processing
workflow and a delay in availability of tissue for
diagnostic studies. Therefore we also evaluat-
ed the quality of DNA and RNA from PAXPE
prostate specimens fixed for 24 hours. As seen
in Figure 6, quality of both DNA and RNA from
these specimens was slightly inferior to that
fixed for 48 hours.

Discussion

We report here that PAXgene fixation and stabi-
lization reagents preserve morphology and
immunoreactivity equivalent to formalin fixa-
tion, but with superior preservation of nucleic
acid integrity. This technique can facilitate col-
lection of tissue with high quality DNA and RNA,
without compromising tissue architecture by
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for this study did not require
specific optimization of routine
staining procedures for PAXPE
samples, in contrast to what has been previ-
ously reported [12].

Consistent with previous studies, we found that
PAXgene reagents preserved both DNA and
RNA quality significantly better than formalin
[14-16]. Using real-time PCR on DNA and RNA
obtained from prostate autopsy specimens, we
showed that PAXPE samples have lower CT val-
ues compared to FFPE samples. This difference
increased with amplicon length, indicating that
PAXgene allows efficient amplification even of
long fragments. Chromosomal rearrangements
and fusion genes appear to play an important
role in prostate cancer development and pro-
gression [4, 17-19]. Identification of these
structural variants using next-generation
sequencing is improved by sequencing across
longer DNA inserts, thus increasing the physi-
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cal coverage of the genome [20]. Sequencing
libraries made from FFPE require short inserts
to allow for amplification across cross-linked
DNA. DNA from PAXPE tissue facilitates use of
sequencing libraries more amenable to identi-
fying the rearrangements characteristic of
prostate cancer.

We demonstrate here significant differences in
downstream assays using RNA extracted from
PAXPE versus FFPE prostatectomy samples,
though RNA from both tissue types were of low
quality. It should be noted that RNA is likely to
have substantially degraded during post-mor-
tem time before fixation, which is supported by
the low quality of RNA from matched frozen
tissue.

A limitation of this study is that a portion of the
study used autopsy specimens, which have
already undergone some degree of post-mor-
tem degradation prior to PAXgene and formalin
fixation. This strategy was undertaken to avoid
compromising the capsule of clinical samples
prior to fixation. Prostatectomy specimens fixed
wholly in PAXgene also demonstrated pre-
served morphology and staining characteris-
tics. Although we demonstrate superior preser-
vation of nucleic acids with PAXgene, the
question of how long those features remain
stable is still to be answered.

The prolonged duration of fixation (48 hours)
may be problematic for the workflow of some
centers. Though 24 hour fixation is inferior to
48 hour fixation in preserving DNA quality, it is
superior to formalin and preserves staining
characteristics and therefore is a suitable alter-
native. In addition, the routine use of PAXgene
fixation increases financial costs. If prohibitive-
ly expensive for routine use, PAX gene fixation
is an excellent method for preserving speci-
mens of high research interest.

In this study we thus demonstrate the novel
use of PAXgene for fixation of prostatectomy
specimens. Its use improves the quality of
molecular analysis without compromising histo-
pathological analysis. PAXgene fixation may
prove especially useful for assays for which lon-
ger amplicons are required, such as for chro-
mosomal rearrangements, or for studies mak-
ing use of more tissue than can be obtained
with a simple punch.
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Conclusions

Given the difficulty of identifying PCa on gross
examination and the potential for compromise
of the prostate “capsule” if tissue is divided
prior to fixation, banking significant amounts of
PCa tissue samples is challenging. The alterna-
tive, non-crosslinking fixation agent PAXgene
preserves the quality of DNA and RNA isolated
from fixed tissue without compromising the
quality of tissue histology or staining character-
istics. Incorporation of PAXgene fixation into
banking protocols should facilitate the wider
availability of high quality PCa tissues for next-
generation sequencing and other studies.
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Supplementary Table 1. Sequences of primers used for real time PCR assay

Name Sequence (5-3’)

GAPDH-F AGTCCCCAGAAACAGGAGGT
GAPDH-R-88 bp AGAGCGCGAAAGGAAAGAA
GAPDH-R-270 bp GTTAGTCACCGGCAGGCTTT
GAPDH-R-420 bp CACAAGAGGACCTCCATAAACC
GAPDH-R-486 bp ACCCATGACTCAGCTTCTCC
GAPDH-R-693 bp GTTTCCGGAAGACGGAATG
GAPDH-R-817 bp GGGAGCACAGGTAAGTGCAT
B-ACTIN-F AAATCTGGCACCACACCTTC
B-ACTIN-R-95 bp GTTGGCCTTGGGGTTCAG
B-ACTIN-R-626 bp AGAGGCGTACAGGGATAGCA
B-ACTIN-R-703 bp AGGGCATACCCCTCGTAGAT
B-ACTIN-R-828 bp TAATGTCACGCACGATTTCC
B-ACTIN-R-983 bp AGGCTGGAAGAGTGCCTCAG




