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Figure 1. TissueSAFE™ vacuum-based for morphological examination, immunohistochemistry and DNA extraction at4°C in a refrigerated container to the pathology laboratory.

refrigeration system for specimen transfer.

Background

Preservation of surgical specimens submitted for
histopathological examination is essential to allow
adequate  morphological  appraisal and  successful
application  of  immunchistochemistry and  other
laboratory fissue investigations.  For decades, the
traditional approach to handling surgical samples
removed in theatre has been immersion in formalin at
room temperature prior to transport to the laboratory.
Although this s ideal for momphology and
immunohistochemistry, it does not permit collection of
fresh frozen tissue, which provides optimal material for
research purposes and Biobanking, Furthermore, fresh
samples are increasingly required for nucleic acid
extraction for a wariety of downstream applications
relevant to both rescarch and diagnostics. In addition,
wariable time intervals both from removal of specimen
from the patient to first immersion in formalin and to
subsequent specimen dissection and tissue sampling by
the pathologist can lead to problems with fixation which
can in tum affect the results of immunohistochemistry or
molecular investigations. Uncertainty over the effects of
such time intervals on the preservation of tissue and
potentially the resulis of subsequent investigations
necessitates further investigation.

We have evaluated a novel system for handling fresh
specimens in theatre (TissueSAFE™) which employs
vacwum sealing and storage at 4°C for transfer to the
pathology laboratory (Figures 1 and 2). In addition to
eliminating the use of formalin from theatres, this system
potentially offers more control over the adequacy and
duration of formalin fixation. Before gaining acceptance
in laboratory practice, the tissuc effects of this novel
systemn of specimen handling tmst be scrutinised. We
compared fissue samples handled routinely, and those
handled using TissueSAFE™ methodology, with respect
to morphology, immunohistochemistry and DNA
extraction, at various timepeints after removal from the
patient.

for up to at least 72 hours.

Materials & Methods

Specimen Handling

Four colectomy specimens (two necplastic and fwo non-
neoplastic) were transferred from theatre to laboratory on
ice immediately after removal from the patient After
relevant diagnostic dissection and examination, large
tissue slices from cach specimen were vacunm sealed
using TissueS AFE™ and stored at 4°C prior to sampling
mucosal, nodal and (for neoplastic specimens) tumour
tissue at subsequent time poits, specifically 0, 4, 24, 48
and 72 hours. At cach time point small (4mm diameter)
tissue samples were taken for snap freezing in liquid
nitrogen. In addition, composite paraffin blocks of normal
mucosal, ymph node and (for neoplastic specimens)
tumour tissue were generated at the same time points
These composite blocks were placed in formalin for 24hrs
prior to routine processing Control composite paraffin
blocks were prepared from fissue which had been placed
directly into formalin at the time of specimen transfer to

Results

Morphology and brmunolistochamistry
There was no appreciable difference in morphology or
immunobistochemical staining between the samples taken at
any of the timepoints for any of the four antibodies assessed
Two consultant pathologists blinded with respect to specimen
tirmes in TissueSAFE™ were unable to discriminate between
samples. Figure 3 showes an example of a H&E-stained section
of a composite block taken after 72 hours in TissueSAFEM
(followed by 24 hours in formalin). Figure 4 represents high
power images fom the same tumour as Figuwe 3,
o e e o b e
between the TissueSAFE™ 72 hour sample and the control
block immersed in formalin fom fime of receipt in the
Iaboratory (96 hours total in formalin). Figure 5 (a-e) shows
excellent immunostaining for relevant tissue components on a
composite block after 72 hours in TissueSAFETM.

Do

DINA was extracted fom a total of 37 samples, taken from the
four colectomy resection specimens at varying timepoints
(Table 4). DNA quantification ranged considerably, from <100
to >1500ng/d, but this was uarelated to time (Figure 6) and
more licely reflected variation in tissue sample size. The five
samples assessed after 72 hours in TissueSAFET™ all had
>300ng/ul DHA. The control samples exposed to air for 4
hows both showed poor quantity DNA (10 and 60ngful). The
A2601280 ratio for all samp les was in the range bebween 1.75—
ﬂ 192, indicating suitable quality DNA. The visual assessment
of DNA. quality from the Invivoscribe PCR showed that most
samples amplified successfully, with o Loss of DNA quality
with time demonstrable (Figure 7)
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Figure 6. DNA quantifieation versus tirne in TissueS AFEP

Discussion

This small study demonstrates the potential for a novel
approach to specimen transfer from theatre to laboratory,
specifically immediate vacuum sealing after removal from the
patient and transer to the laboratory at 4°C. Although this was
not the procedure adhered to strictly in this study, some
modifications were necessary to ensure normal specimen
examination was not compromised. Large tissue slices, rather
! than whole specimens, were vacwum sealed, after preliminary
dissection in the laboratory. As such, vacwum sealing was
\ delayed (by an estimated 1520 minates), This delay would

not oceur were the entire specimen to be vacwm sealed
immediately in theatre

In the specimens evaluated in this study, up to 72 hours in

Figure 3. H&E staired section of a cornposite lock ater 72 hours in TissueSAFE™; TissueSAFE™  made no appreciable  differsnce to

the laboratory. For one specimen a set of frozn control Figure 4. High power images from tumour affer 72 hours in TissueSAFE™ (4a) and formalin fixed control {4b) showing evaluation, (for the four

tissue samples was taken after tissue exposure to room Mo morphological differences;

temperature for 4 hours Figure 5. Immunostaining of a composite block after 72 hours in TissueS AFE™ (ah, AELS3; ¢, Mib-1; d, CDX2; e, PMS2).

H&E staining and immunostaining using a range of auclear and membrane-diected antibodics (Table 3, AE/3,
MIB1, CDX2, PMS2) were applied to all the paraffin blocks and DNA was extracted from all the Frozen tissue
samples for comparison between times in TissueSAFETM

DNAextraction

DINA was manually exiracted from the snap frozen biopsy material using Qiagen Blood & Tissue Kit (Qiagen, West
Sussex UK). Biopsy material was placed into a 190yl digestion/Proteinase mixture and left to incubate overnight at
55°C. Following the incubation period DNA was isolated in accordance with the manufactures proto col, with DNA
being eluted into a final volume of S0pL

DNA quantification
1.5ul of DNA was quantificd by spectrophotometry using the Nanodrop ND-1000 (Thermo-Scientific, Wilmington
TSA). Optical density was measwred at 260nm and concentration levels given in ngful

DIVA quality assessment

For quality assessment, DNA was amplified using a specimen costrol size ladder fom Invivoseribe (Tnvivoscribe
Technologics, France) based on the BIOMED-2 protocol (Tables 1 and 2). The reaction mix contained 25ul
specimen ladder, 0.1250 AmpiTaq Gold and %l DNA for a final velume of 27.125ul per sample. A negative
control was included in each group, in which water was used in place of DNA. PCR was performed on the Applied
Biosystems Genemp 2700 thermocyc ler (Applied Biosystems, Warrington UK) using the cycling conditions given
in table 2. Tyl of amplified DNA was run ovt on a 2% TEE agarose gel for visual examination of DNA quality
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Table 3. Antibodies, sources and conditions used for immunohistochemistry.

antibodies assessed) or to DNA quantity or quality. In contrast,
xposwre fo ar at reom temperatwe for four hours was

" sufficient to induce significant DINA degradation in conteel
samples. The relevant irmportance of vacunm sealing versus re-
frigeration has not been assessed by this study. Along with
extrapolation to RINA preservation studies, this would be of
potential interest for future studies examining the potential
utility of the TissueS AFET system
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Figure 7. Visual assessment of DNA quality from the Invivoscrihe PCR showed that most samples
amplified successfully with no loss of DNA quality with time demonstrable.



