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Abstract 
Optimal recovery of nucleic acids from formalin-fixed paraffin-embedded (FFPE) tissues is highly dependent on a series of pre-extraction 
steps, mainly related (but not limited) to fixation. The aim of our study was to investigate if the storage period of the FFPE blocks had a 
significant effect on the isolated DNA. We examined the quantity and purity of the isolated DNA from 83 FFPE blocks, corresponding to 
malignant thyroid (n=28) and renal (n=55) carcinomas that had been stored in our department for up to eight years. The DNA extraction 
protocol was based on a precipitation method (MasterPure™ DNA Purification Kit, Epicentre), in accordance to the manufacturer instructions, 
optimized in our laboratory. A spectrophotometer was used to determine the yield (A260) and purity (A260/A280 ratio) of the isolated DNA. 
We successfully isolated good DNA quantity and purity from all our study cases (mean concentration: 223.4±104.16 ng/μL; mean A260/A280 
ratio: 1.68±0.09). Moreover, no statistically significant differences were observed between tumor blocks stored for 2–3 years and 7–8 years, 
respectively, both in terms of DNA quantity (p=0.196) and purity (p=0.663). In conclusion, we successfully validated an efficient, reproducible 
DNA extraction technique that provided a good range of DNA concentrations and purity, regardless the type of tissue (thyroid or kidney). 
Moreover, we demonstrated that the storage period of the FFPE blocks does not have a significant influence on the DNA quantity and purity. 
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 Introduction 

Formalin-fixed paraffin-embedded (FFPE) blocks are 
the method of choice for processing and preserving 
specimens in pathology departments all over the world; 
they are widely available, easy to handle and inexpensive 
in long-term storage [1–3]. However, their value goes 
much beyond classical microscopic examination or 
immunohistochemistry and in situ hybridization-based 
techniques. We know now that FFPE tissues can be 
successfully used not only for research purposes in the 
molecular biology area, but also for the standard molecular 
routine diagnosis [4–9]. 

FFPE tissues represent a valuable, yet underexploited 
resource for large, retrospective molecular studies, with 
long-term clinical follow-up [10]. However, obtaining 
an adequate DNA from FFPE tissues is challenging and 
some important factors need to be considered. 

First, the DNA extraction from FFPE tissues requires 
special protocols [11], since this material is scarce, 
degraded and often contains remnants of substances that 
can inhibit the amplification (e.g., formalin) [12] or the 
proteinase K used in the extraction procedure (e.g., xylene) 
[11]. Moreover, the extraction method needs to be chosen 
carefully, in accordance to the specific requirements of 
the study being carried out [6, 13]. 

Optimal recovery of nucleic acids from FFPE tissues 
is also highly dependent on a series of pre-extraction 

steps. These include, but are not limited to pre-fixation 
factors (type and amount of tissue, degree of autolysis), 
fixation-related factors (type of fixative used for tissue 
preservation, its pH, temperature, duration of fixation) 
and post-fixation factors (age of the paraffin block and 
storage conditions) [14–16]. 

There has been much interest lately in weather the 
storage period of the tumor block has a significant effect 
on the extracted macromolecules [2, 10]. However, up 
to present date, the literature data is scarce and the 
results are inconsistent. Thus, the aim of our study was 
to investigate whether the storage period of the tumor 
blocks had a significant influence on the quantity and 
purity of the isolated DNA in a series of thyroid and renal 
carcinomas, archived in our department for several years. 

 Materials and Methods 

Study samples 

The FFPE blocks were all retrieved from the archive 
of Department of Pathology, Emergency County Hospital 
of Tîrgu Mureş, Romania. Based on the availability of 
remnants resections of the surgical tissues, 83 FFPE blocks 
were included in the study (Table 1). They corresponded to 
28 papillary thyroid carcinomas and 55 clear cell renal cell 
carcinomas, stored at room temperature in our department 
for 2–3, 4–6 and 7–8 years, respectively. 
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Table 1 – Pathological diagnosis of FFPE blocks 

FFPE tissue type Archival 
time Thyroid (No. of blocks) Kidney (No. of blocks)

2–3 years 
Papillary thyroid  
carcinoma (18) 

Clear cell renal cell 
carcinoma (24) 

4–6 years 
Papillary thyroid  
carcinoma (10) 

Clear cell renal cell 
carcinoma (20) 

7–8 years – 
Clear cell renal cell 

carcinoma (11) 

The pre-fixation and fixation procedures were similar 
in all the cases: tissue samples were all fixed immediately 
after surgery, in the operating room, in neutral buffered 
formalin for a mean period of 48–72 hours, depending on 
the size of the specimen. The post-fixation processing 
was completed in the same pathology laboratory, using 
the same, consistent processing protocols over years; it 
briefly included tissue processing (dehydration, clearing) 
for 12–14 hours and paraffin embedding for 20 minutes. 

Ethics statement 

The Ethics Committee of the Faculty of Medicine 
agreed to these investigations, and informed consent was 
obtained from all of the patients included in this study. 

DNA extraction from FFPE tissues 

The DNA extraction for all the cases in our study was 
performed in the Department of Histology, University 
of Medicine and Pharmacy of Tîrgu Mureş. 

All the cases were reviewed by three pathologists (AL, 
ANB and AB). One tissue block per case was selected 
and the area of interest (the tumor area) was circled on 
the Hematoxylin–Eosin (HE)-stained slides. For each case, 
five 4 μm tissue curls were cut from the FFPE block. Using 
the HE staining as a guide, a manual macrodissection of 
the marked area was performed on the corresponding 
unstained sections. The slides were then deparaffinized 
by three xylene baths and the DNA material was scraped 
off the slide using a sterile knife and collected into indi-
vidually sealed, sterile 1.5 mL, micro-tubes (Figure 1). 

The DNA extraction protocol was based on a preci-
pitation method, using a commercially available DNA 
extraction kit (MasterPure™ DNA Purification Kit, 
Epicentre), in accordance to the manufacturer instructions, 
optimized in our laboratory. A Tissue and Cell Lysis 
solution was added into the micro-tubes, and the samples 
were incubated with proteinase K overnight at 650C. The 
DNA purification steps were next carried out. After protein 
removal, the DNA was precipitated with isopropanol, and 
then recovered in a buffer solution; the DNA elution 
was in the range of 60–120 μL. 

For assessment of the DNA extraction quality, a 
negative extraction control was used for each set of 
reactions: a DNA-free phosphate buffer saline solution 
that underwent all the extraction steps, similarly to the 
rest of the study material. 

 

Figure 1 – Pre-extraction steps: (a) the area of interest (the tumor area) was circled on the Hematoxylin–Eosin (HE) 
staining; (b) using the HE staining as a guide, a manual macrodissection of the marked area was performed; (c) after 
deparaffinization, the DNA material was scraped off the slide and (d) collected into individually sealed, sterile 1.5 mL 
micro-tubes. 
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DNA concentration and purity 

A spectrophotometer (Eppendorf BioSpectrometer, 
Hamburg, Germany) was used to determine the yield 
(A260) and purity (A260/A280 ratio) of the isolated DNA 
for each case. 100 ng/μL was considered an optimal cut-
off for a good DNA concentration, since further PCR 
(polymerase chain reaction) processing techniques generally 
require around 500 ng DNA per case. Optimal DNA purity 
was considered in the range of 1.6–1.9. 

Tumor volume 

For each case included in the study, the tumor volume, 
an accurate reflection of the quantity of genetic material 
that is being analyzed, was also assessed; it was calculated 
by multiplying the tumor surface (only the area of 
interest) by 0.004 mm (the thickness of a FFPE section) 
and by five (the number of FFPE sections per case). 

Statistical analysis 

EpiInfo Software version 3.5.3 (CDC, Atlanta) was 
used for all statistical analysis and a 2-tailed p-value 
<0.05 was considered statistically significant. 

 Results 

The mean tumor volume was 2.91±1.9 mm3 and 3.99± 
2.51 mm3 for thyroid and renal carcinomas, respectively 
(the mean value for all cases included in the study was 
3.49±2.23 mm3). As we expected, the DNA concentration 
was statistically significant influenced by the tumor volume 
(p<0.0001), whereas the DNA purity was not (p=0.12). 

Our DNA extraction protocol included some laborious 
steps, like manual macrodissection of the area of interest, 
deparaffination on slide, etc. All these steps have proven 
to be extremely important and leaded in the end to 
specific targeting of the tumor area in order to perform 
DNA extraction from that area only. 

Regarding the DNA concentration and purity, we 
successfully isolated good DNA quantity and purity from 
all our cases, with a mean DNA concentration (A260) 
and a mean DNA purity (A260/A280 ratio) of 223.4± 
104.16 ng/μL and 1.68±0.09, respectively. The aspects 
of the spectrophotometric curves were similar to the 
typical curve, with some variations (Figure 2). 

The DNA characteristics (concentration and purity), 
related to the type of specimen and the storage period of 
the tumor blocks are all presented in Table 2. Renal 
cancer samples revealed a higher DNA concentration 
mean value (254.42±93.35 ng/μL) and a higher mean 
A260/A280 ratio (1.70±0.07), compared to the thyroid 
cancers samples (162.47±98.5 ng/μL and 1.64±0.10, 
respectively). However, the tumor volume [tumor surface 
(mm2) multiplied by 0.004 (mm) and by 5] in our study 
was significantly higher in the renal, compared to thyroid 
carcinomas. 

Similar DNA concentrations and purity values were 
obtained from FFPE tissues stored for 2–3 years (207.23± 
109.22 ng/μL, 1.67±0.10), 4–6 years (229.06±101.33 ng/μL, 
1.69±0.07) and 7–8 years (269.67±82.03 ng/μL, 1.67±0.02), 
respectively, with no statistically significant differences 
for both parameters among the study groups (p=0.196 
and p=0.663, respectively). 

(a)   

(b)   

(c)   

(d)   
Figure 2 – Various aspects of the spectrophotometric 
curves: (a) a negative extraction control, with very low 
DNA concentration; (b) one papillary thyroid carcinoma 
case with very good DNA concentration (133 ng/μL) and 
purity (1.81); (c) one papillary thyroid carcinoma case 
with very good DNA concentration (147.5 ng/μL), but 
lower A260/A280 ratio (1.51); (d) one clear cell renal 
cell carcinoma case with very good DNA concentration 
(322.2 ng/μL) and purity (1.85). 
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Table 2 – Characteristics of DNA concentrations (A260) 
and purity (A260/A280), related to the type of specimen 
and the storage period of the tumor block for the study 
cases (n=83 cases) 

 
DNA 

concentration 
(mean, ng/μL) 

pa 
DNA purity 
(A260/A280 

ratio) 
pa 

Total 223.4±104.16  1.68±0.09  
Mean tumor volume 

3.49±2.23 mm3 
 

 
<0.0001 

 
 

0.120
Type of specimen 

Thyroid 162.47±98.5 <0.0001 1.64±0.10 0.0039

Kidney 254.42±93.35  1.70±0.07  

Storage period of the tumor block 

2–3 years 207.23±109.22 0.196 1.67±0.10 0.663

4–6 years 229.06±101.33  1.69±0.07  

7–8 years 269.67±82.03  1.67±0.02  
ap-value <0.05 was considered statistically significant. 

 Discussion 

In the area of molecular medicine, with the advent of 
all molecular profiling technologies, FFPE tissues represent 
an extremely attractive source of genetic material [17]. 
We know now that FFPE tissues can be successfully used 
for various molecular assays in large, long-term clinical 
follow-up, retrospective studies. However, the use of FFPE 
tissues in molecular studies is highly dependent on the 
adequate isolation of nucleic acids from these tissues. 
Although challenging, an appropriate DNA extraction 
technique is crucial to ensure the success of all further 
molecular techniques, especially when FFPE tissues have 
been stores for long periods. 

In this study, the isolated DNA from a series of FFPE 
samples, corresponding to thyroid and renal cancers that 
had been archived for several years in our department 
was analyzed, aiming to determine whether the storage 
period of the paraffin blocks had a significant effect on 
the isolated DNA. 

We obtained good yields of DNA concentration (A260) 
and purity (A260/A280) for all the samples included in 
the study, regardless the tumor volume or the type of 
tissue (thyroid or kidney). The DNA concentration was 
significantly higher for renal, compared to thyroid carci-
nomas, and this is in accordance with a significant larger 
tumor volume for renal carcinomas. More important, the 
DNA purity did not revealed statistically significant 
differences related to the tumor volume (p=0.12), which 
reflects a precise and accurate performance of all the 
DNA isolation steps. Differences in the DNA purity were 
indeed observed in renal, compared to thyroid carcinomas 
(p=0.039). They can be explained by the fact that thyroid 
carcinoma cases were the first to be included in the study, 
and thus, the first to be used as genetic material for DNA 
extraction. Taking into consideration that we applied  
a manual method of DNA isolation, the existence of a 
learning curve must be assumed. 

Our DNA extraction protocol included some laborious 
steps, like manual macrodissection of the area of interest, 
deparaffinization on slide and overnight treatment with 
proteinase K. These were all extremely important to 
achieve good quality DNA recovery, since it is well 
known that DNA isolation from FFPET is challenging, 

mainly due formalin fixation. Formalin can generate 
DNA-protein cross-linkages and consecutively cause 
DNA fragmentation [14–16], that may significantly affect 
the molecular profile of the tissues. Manual macro-
dissection, although laborious, enabled us to successfully 
target the tumor area and extract DNA from that specific 
area only. 

Further on, our results have shown that in terms of 
quantity and purity, the DNA extracted from FFPE 
blocks stored for up to eight years is comparable to the 
DNA extracted from much more recent FFPE tissues, 
stored for two or three years. Several studies have inves-
tigated the effect of storage period on the DNA and the 
use of extracted material in downstream analysis [2, 10, 
18]. 

The study performed by Kokkat et al. [10], for 
example, has shown no differences in terms of quality 
and quantity for all FFPE tissues that they examined 
(corresponding to FFPE blocks stored for up to 12 years). 
DNA extracted from FFPE blocks stored for 11–12 years, 
5–7 years and 1–2 years, respectively, revealed no differ-
ences compared to DNA extracted from FFPE blocks 
stored for less than a year. Such results might also reflect 
a solid, good quality processing technique that is being 
applied to all specimens, allowing no variability in terms 
of tissue conservation among samples. In our department, 
the surgical specimens are rapidly fixed in the operating 
room and then further processed using the same protocols. 
Since the degree of tissue autolysis is minimal and the 
same processing techniques are applied to all cases, 
important variations among the study cases should not 
be observed, unless the storage period of the FFPE blocks 
has a significant influence on the macromolecules over 
the years. 

Other groups have reported a decrease in the ability 
to amplify DNA from FFPE tissues that are 5-year-old or 
older [18]. Moreover, the study of Ludyga et al. [2] has 
found that the DNA fragmentation and the length of PCR 
amplicons are strongly associated with the storage time 
(the older the FFPE sample, the shorter the DNA and 
PCR fragments, respectively). Despite this, they have 
shown that applying an appropriate extraction method, 
highly dependent on the purpose of the analysis is an 
essential aspect and, by this mean, they were able to 
achieve successful amplification of single copy genes 
from 40-year-old and older FFPE tissues. 

 Conclusions 

We successfully validated an efficient, reproducible 
DNA extraction technique that provided a good range of 
DNA concentrations and purity for all the samples 
included in the study, regardless the type of tissue (thyroid 
or kidney). Moreover, we demonstrated that the storage 
period of the FFPE blocks does not have a significant 
influence on the DNA quantity and purity. These results 
need further confirmation by studies on larger number of 
FFPE tissues, stored for longer periods of time. However, 
they open new perspectives for downstream application 
of the archived FFPE tissues, not only for research 
purposes in the molecular biology area, but also, more 
important, for the molecular diagnosis in daily pathology 
practice. 
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