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Abstract

Obijectives: This study aimed to investigate the factors affecting the quantity of DNA and RNA
extractable from human formalin-fixed paraffin-embedded (FFPE) tissues stored for different
lengths of time.

Methods: We randomly selected 20 FFPE specimens harvested from hysteromyoma patients
with uterine fibroids during 2010, 2015, and 2017 at the Department of Pathology, Jiading District
Central Hospital Affiliated Shanghai University of Medicine and Health Sciences. DNA and RNA
extractions were performed using a DNA/RNA FFPE kit. DNA and RNA concentrations and
their ODy¢0/OD,go ratios were determined by a NanoDrop 2000 spectrophotometer. The
human B-globin gene and aldehyde dehydrogenase-2 (ALDH,) gene were amplified from nucleic
acids using a LightCycler 480 Real-Time PCR System, and PCR amplification products were
electrophoresed on 1% agarose gels.

Results: Specimens that were stored for longer showed more degradation and a reduced con-
centration of DNA and RNA after nucleic acid extraction. However, there was no significant
difference in DNA or RNA purity. B-globin and ALDH; genes could be amplified from more than
99% of specimens.
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Conclusion: We found that FFPE tissues stored for longer had a reduced quantity of
extractable DNA and RNA. However, these tissues could be used for the analysis of some

small target genes.
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Introduction

Formalin-fixed paraffin-embedded (FFPE)
tissues are a highly valuable source of
genetic material for molecular analyses
both in research and clinical diagnostics.
In recent years, the use of FFPE tissues
for molecular pathological detection, such
as tumor-related gene mutations' and the
molecular detection of targeted drugs,>’
has rapidly developed from scientific
research to in vitro pathological diagnosis.
Indeed, retrospective gene research is
increasingly used in tumor molecular biolo-
gy. However, because the tissue samples
collected during scientific research are
mostly FFPE, the quantity of DNA and
RNA that they yield will directly affect
the outcome of molecular experiments.*>

Through a combination of long-term
experimental exploration and published
studies,®® optimal DNA and RNA extrac-
tion methods have been determined.
Technical optimization includes avoiding
the use of wax blocks with bleeding, necro-
sis, or autolysis; selecting areas with a high
cell density; favoring a thickness of 8 to
10 um; using 20- to 30-mg slices for ecach
extraction; choosing xylene dewaxing; and
using a digestive enzyme at a concentration
of 20 g/L for 3 to 5 hours.

Whether DNA and RNA extracted from
long-term preserved FFPE tissues meet the
requirements of molecular biology experi-
ments has become the focus of many studies.’

Here, we compared the extent of degrada-
tion, concentration, purity, and capacity for
amplification of DNA and RNA extracted
from FFPE tissues stored for several years
under standard conditions. The aim of our
study was to determine the effects of storage
time on the quantity of DNA and RNA
extracted from FFPE tissues.

Materials and methods

Ethical approval

This protocol was approved by the Ethics
Review Board of Jiading District Central
Hospital (Ethics Committee reference
number  2020-GZR-16-330282198803169
204). Written consent for study participa-
tion was received from the patients or
their guardians.

Reagents

Formalin, ethanol, xylene, and isoamyl
alcohol were purchased from the National
Pharmaceutical Corporation (Shanghai,
China). DNA/RNA extraction kits were
purchased from Qiagen Inc. (Valencia,
CA, USA). Primers were synthesized by
Sangon Biotech Co., Ltd. (Shanghai,
China). The 5x All-In-One MasterMix
was purchased from abm (Zhenjiang,
China). Premix Ex Taq™ II was bought
from Takara Bio Inc. (Shiga, Japan).
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Sample selection

Sixty FFPE specimens from hysteromyoma
patients diagnosed with uterine fibroids and
collected during 2010, 2015, and 2017 (20
per year) were selected for this study. The
samples had been removed during surgery,
fixed in formalin for 12 hours, then a 1-
cm X l-cm x 0.2-cm  area of tissue had
been cut and embedded in paraffin
(Solarbio, Beijing, China) which had a melt-
ing point of 56°C. Paraffin samples had
been preserved in the dark at 25°C with
50% humidity in the archives of the
Department of Pathology, Jiading District
Central Hospital Affiliated Shanghai
University of Medicine & Health Sciences.
Paraffin blocks were selected to carry out
complete serial sections, according to HE
staining sections of specimens made from
previous hospital treatments. The selected
specimens were preserved completely and
found under a microscope to have no
tissue autolysis, necrosis, or massive hemor-
rhage. All articles were sterilized and six
FFPE sections of 10-um thickness were
placed in the 1.5-mL centrifugal tube for
backup.

DNA and RNA extraction

Six sections of 1 cmx1 cm x 10um of
FFPE were used for DNA and RNA
extractions. Dewaxing was achieved by
adding 1 mL xylene to FFPE tissues, plac-
ing them in a 55°C water bath for 10
minutes and centrifuging at 7800 x g for
5 minutes. This was repeated three times.
Sections were then washed twice by
adding 1 mL anhydrous ethanol, shaking
to mix, centrifuging at 7800 x g for 5
minutes, and drying at 60°C for prepara-
tion. DNA and RNA extractions were per-
formed simultaneously using an All Prep®
DNA/RNA FFPE Kit (Qiagen) according
to the manufacturer’s instructions. For
RNA extraction, 10puL protease K was

added and incubated at 56°C for 15
minutes, then protein cross-linking was
removed by incubating at 80°C for 15
minutes. For DNA extraction, 40 uL of
protease K was added and incubated at
56°C for 1 hour, then protein cross-linking
was removed by incubating at 90°C for
2 hours. RNA was removed from DNA
samples by adding 4pul. RNase A (100
mg/ml), and DNA was removed from
RNA samples by adding 80 pL DNase I.
The final elution volume for each sample
was 30 puL. All extractions were performed
in the Pathology Department of Jiading
District Central Hospital, and samples
were stored at —20°C.

DNA and RNA evaluation

The yield and quantity (260/280 optical den-
sity [OD] ratios) of DNA and RNA were
measured using a NanoDrop 2000 spectro-
photometer (Thermo Fisher Scientific,
Rockford, IL, USA) from 2-pL aliquots of
each sample. When OD»g,/ODygo was 1.8 +
0.1 the total DNA extracted was eligible,
and when OD,g/OD5gy was 2.0+£0.1 the
total RNA extracted was eligible. If the con-
centration of DNA or RNA was more than
10 ng/uL, the total DNA or RNA extracted
was eligible.

The DNA and RNA integrity was
checked by electrophoresis on 1% agarose
gels stained with ethidium bromide.
Degradation of DNA and RNA and the
amplification of internal reference genes
were observed using a BTS-20.M automatic
digital imaging system and LUV-260D ultra-
violet projector (both Tanon, Shanghai,
China).

Amplification of internal reference genes

Primers to amplify internal reference genes
(the human B-globin gene and ALDH,)
were synthesized by Sangon Biotech Co.,
Ltd. (Shanghai, China). Primer sequences
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Table I. Primer sequences used to amplify human B-globin and ALDH, genes.

Primer name

Sequence (5'-3')

Amplification
product size (bp)

Human B-globin forward primer GAAGAGCCAAGGACAGGTAC 268
Human B-globin reverse primer CAACTTCATCCACGTTCACC
ALDH, forward primer CAAATTACAGGGTCAACTGCT 135

ALDHj; reverse primer

CCACACTCACAGTTTTCACTT

are listed in Table 1. A total of SuL RNA
from each specimen was first transcribed
into cDNA using the AccuRT Genomic
DNA Removal Kit (abm) and 5x All-
In-One MasterMix (abm) with oligo dT
primers. SYBR® Premix Ex Taq™™ II (Tli
RNaseH Plus) was used to perform fluores-
cence quantitative (q)PCR amplification
with 2 uL ¢cDNA samples. PCR conditions
were as follows: denaturation at 95°C for
30s, then 30 cycles of 95°C for Ss and
60°C for 20s. qPCR was analyzed by the
PCR amplification curve and Ct value.
PCR-amplified products (5SuL) were elec-
trophoresed on a 1% agarose gel containing
ethidium bromide and including a 100-bp
DNA ladder marker.

Data analysis

Data are shown as means + standard devi-
ation of the means. Because the data are
nonparametric, statistical significance was
analyzed by Wilcoxon and Kruskal-Wallis
tests using GraphPad v5.0 software
(GraphPad Software, Inc., La Jolla, CA,
USA). P<0.05 was considered indicative
of a statistically significant difference.

Results

Comparison of purity and concentration
of DNA and RNA in FFPE tissues stored
for different lengths of time

DNA and RNA were extracted from FFPE
tissues stored for 1, 3, and 8 years.
Typically, the concentration of DNA and

RNA extracted was significantly lower
from FFPE tissues that had been stored
for longer than those stored for less time.
The concentrations of DNA and RNA
extracted from tissues stored for 1 and 3
years were significantly higher than those
stored for 8 years but there was no signifi-
cant difference between those stored for
1 and 3 years (Figure la, b). The ODy4o/
OD,g9 of DNA and RNA extracted from
FFPE tissues were between 1.8 to 2.1 and
1.9 to 2.2, respectively, indicating high
levels of purity (Figure lc, d). There was
no significant difference between the
purity of DNA or RNA.

Comparison of DNA and RNA
degradation in FFPE tissues stored for
different lengths of time

Gel electrophoresis revealed DNA and RNA
molecular sizes of 100 to 2000 bp. DNA and
RNA extracted from all samples were
degraded, with increasing levels of degrada-
tion seen for samples stored for longer
(Figure 2a, b). However, the difference was
not significant. As the gel electrophoresis
was only a qualitative analysis, fluorescent
qPCR was used as an alternative method
of quantification.

Fluorescent gPCR analysis of human
[-globin and ALDH, gene amplification

DNA and RNA extracted from FFPE tis-
sues stored for 1, 3, and 8 years were used
to amplify the human p-globin gene
(268bp) and ALDH, gene (135bp) by
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Figure |. Concentration and purity of DNA and RNA extracted from FFPE tissues stored for different
lengths of time. (a) Concentration of DNA. (b) Concentration of RNA (n=20). (c) Purity of DNA. (d)
Purity of RNA (n=20). *P < 0.05, **P < 0.01, and **P < 0.0001.
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Figure 2. Degradation of DNA and RNA extracted from FFPE tissues stored for different lengths of time.
(a) Agarose gel electrophoresis of DNA. Lanes | and 2: FFPE tissues prepared in 2017; lanes 3 and 4: FFPE
tissues prepared in 2015; lanes 5 and 6: FFPE tissues prepared in 2010. (b) Agarose gel electrophoresis of
RNA. Lanes 7 and 8: FFPE tissues prepared in 2017; lanes 9 and 10: FFPE tissues prepared in 2015; lanes | |

and 12: FFPE tissues prepared in 2010.

fluorescent gqPCR. The kinetic curves
(Figure 3a—d) showed that the exponential
growth stage and the plateau stage were
complete, indicating the reliability of the
results. Ct values were between 17 and 25,
with no significant differences (Figure 3e—
h). Taken together, these results showed
that FFPE tissues samples stored for as
long as 8 years can still be used to analyze
the expression of small target genes.

Amplification results of internal
reference bands

Fluorescent qPCR products of human
B-globin and ALDH, gene amplification
were next detected on a 1% agarose gel.
Amplification of the human B-globin gene
produced a clear band of 268 bp (Figure 4a,
b), while amplification of the ALDH,
gene produced a clear band of 135 bp
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Figure 3. Amplification of the human B-globin gene and ALDH, gene. Amplification curves of human
[-globin gene from DNA (a) and RNA (b). Amplification curves of ALDH, gene from DNA (c) and RNA (d).
Ct value of human B-globin gene from DNA (e) and RNA (f). Ct value of ALDH, from DNA (g) and RNA
(h). (n=20).

(Figure 4c, d), which were both of the Discussion

expected size. There was no significant

difference between fluorescent qPCR and The large numbers of FFPE tissue samples
agarose gel electrophoresis findings. stored in hospital pathology departments
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Figure 4. Amplification the human f-globin gene and ALDH, gene from FFPE tissues stored for different
lengths of time. Amplification products of the human B-globin gene from DNA (a) and RNA (b). Lanes |, 2,
7, and 8: FFPE tissues from 2010; lanes 3, 4, 9, and 10: FFPE tissues from 2015; lanes 5, 6, ||, and 12: FFPE
tissues from 2017. Amplification products of the ALDH, gene from DNA (c) and RNA (d). Lanes 13, 14, 19,
and 20: FFPE tissues from 2010; lanes |5, 16, 21, and 22: FFPE tissues from 2015; lanes 17, 18, 23, and 24:

FFPE tissues from 2017.

are good sources of research materials.
Although some PCR inhibitors are present
in FFPE tissues, simple crude DNA or
RNA extracts obtained with a limited
number of complex extraction steps can
still be used for PCR.'™!" The tissues
stored in clinics first need to be fixed and
dehydrated by formaldehyde before paraf-
fin embedding. Formaldehyde is the small-
est oxygen-containing organic compound
that has high reactive activity. It provides
methylene (-CH2-) to react with molecules
containing hydroxyl (-OH), thiol (-SH),
or amino (-NH2). Through interactions,
free molecular chains are crosslinked and
have adverse effects on DNA and RNA
molecules. Storage of the tissues for long
periods leads to the formation of extensive
methylene cross-linking bridges between
biological macromolecules, increasing the
fragility of DNA and RNA chains and

leading to more random breakage.'? The
paraffin wax must be heated to about
62°C to embed tissues, which partially
unlinks DNA and RNA, while residual
traces of formaldehyde in tissues can meth-
ylate single strands of nucleic acid. These
modified DNA and RNA strands are diffi-
cult to renaturate after cooling, leading to
degradation.'>!*

For accurate genetic analysis, it is neces-
sary to obtain DNA and RNA of a suffi-
cient quantity and purity. DNA extracted
from paraffin-embedded tissue samples pre-
served for more than 1 year previously
showed a different degradation phenome-
non, with a lower quality to that extracted
DNA from fresh tissue.'®> However, it is dif-
ficult to obtain fresh—frozen tissue, and the
costs of liquid nitrogen preservation are rel-
atively high. '® In contrast, FFPE samples
can be preserved for long periods during
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which the DNA quality is unaffected.'>'¢
Typically, a longer storage time leads to
increased degradation and reduces the
lengths of sequence fragments that can be
amplified. In a previous study, DNA was
extracted from fresh FFPE samples then
stored at —20°C for 3 years and compared
with DNA extracted from FFPE samples
that had been preserved for 3 years.
Although there was no significant difference
in the quality or concentration of DNA
between the two methods,'”!® most DNA
fragments extracted using the former tech-
nique were 100 to 500 bp while those
extracted using the latter technique were
mostly 100 bp long. This suggested an
increase in the fragmentation of DNA frag-
ments extracted from FFPE samples after 3
years of preservation. Similarly, Nam
et al."” evaluated the effect of sample stor-
age time on RNA quality. FFPE samples
were stored at room temperature for 1
month to 5 years and those stored for
longer gave a lower RNA yield, while
DNA and RNA degradation was high.
A total of 58.3% of samples stored for 3
to 5 years could undergo amplification of
the B-actin gene compared with 62.5% of
samples stored for 1 month to 1 year.
However, to date, little is known about
whether paraffin samples that have been
preserved for more than 5 years can be
used to extract DNA and RNA simulta-
neously for PCR analysis.

The present study investigated whether
the concentration and purity of extracted
DNA and RNA from FFPE stored for
long periods were sufficient for PCR ampli-
fication, to determine if this could be used
for disease diagnosis. They concentration
and purity were analyzed by spectropho-
tometry and agarose gel electrophoresis,
but use of the Agilent Bioanalyzer and
distribution value 200 RNA quality indexes
would improve the accuracy of these
measurements.

Reverse transcription was performed
using oligo dT primers. If the 268-bp
human B-globin amplicon was closer to
the poly A tail than the 135-bp ALDH,
gene, then successful amplification of the
shorter amplicon would require the RNA
to be less degraded than amplification of
the longer fragment. We observed no signif-
icant difference between the intensity of
human B-globin and ALDH, gene amplifi-
cation products. However, this might be
because of the small sample size.

FFPE tissues are often used in retrospec-
tive studies although they suffer from nota-
ble DNA and RNA degradation. In the
present study, we found that long-term
storage of FFPE tissues increased the level
of DNA and RNA degradation and
reduced the quantity of DNA and RNA
extracted. Nevertheless, there was no signif-
icant difference in the purity of DNA or
RNA extracted from FFPE tissues stored
for different lengths of time, and more
than 99% of samples yielded nucleic acids
that could be used to amplify target gene
fragments smaller than 300 bp.

In conclusion, FFPE tissue samples
stored for up to 8 years can be used for
the analysis of small fragments of DNA
and RNA. However, preliminary investiga-
tions would be beneficial before genetic
analysis to select the most appropriate
FFPE samples according to the size of the
target gene. The use of FFPE tissue speci-
mens provides a rapid, economical, and
practical method for the routine detection
of DNA and RNA in clinical settings.
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