
 

 

Introduction 
 
DNA and RNA have been used as markers of 
tissue quality and integrity throughout the last 
few decades. Numerous genomic tissue studies 
have been on post-mortem brain tissue. These 
studies on brain tissue have shown that both 
DNA and RNA quality is often good by most 
standards, despite long post-mortem intervals 
(PMI) and has led to genomic progress in the 
studies of neurological disorders [1]. Some re-
ports have shown that age, sex, time from death 
to tissue removal, and the clinical agonal state 

and health conditions prior to death influence 
the DNA and RNA quality. Few genomic tissue 
studies have examined the tissue procurement 
process of other post-mortem human tissues [2-
4]. 
 
The quality of the tissue largely depends on 
many external factors that may have effects on 
the quality of proteins, lipids, RNA, and DNA. 
Warm and cold ischemia times can affect both 
genomic and proteomic biomarkers [5]. It is 
common held theory that frozen tissue, even 
when stored for years, is suitable for DNA stud-
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Abstract: DNA and RNA have been used as markers of tissue quality and integrity throughout the last few decades. In 
this research study, genomic quality DNA of kidney, liver, heart, lung, spleen, and brain were analyzed in tissues from 
post-mortem patients and surgical cancer cases spanning the past century. DNA extraction was performed on over 
180 samples from: 70+ year old formalin-fixed celloidin-embedded (FFCE) tissues, formalin-fixed paraffin-embedded 
(FFPE) tissue samples from surgical cases and post-mortem cases from the 1970’s, 1980’s, 1990’s, and 2000’s, 
tissues fixed in 10% neutral buffered formalin/stored in 70% ethanol from the 1990’s, 70+ year old tissues fixed in 
unbuffered formalin of various concentrations, and fresh tissue as a control. To extract DNA from FFCE samples and 
ethanol-soaked samples, a modified standard operating procedure was used in which all tissues were homogenized, 
digested with a proteinase K solution for a long period of time (24-48 hours), and DNA was extracted using the Auto-
gen Flexstar automated extraction machine. To extract DNA from FFPE, all tissues were soaked in xylene to remove 
the paraffin from the tissue prior to digestion, and FFPE tissues were not homogenized. The results were as follows: 
celloidin-embedded and paraffin-embedded tissues yielded the highest DNA concentration and greatest DNA quality, 
while the formalin in various concentrations, and long term formalin/ethanol-stored tissue yielded both the lowest 
DNA concentration and quality of the tissues tested. The average DNA yield for the various fixatives was: 367.77 μg/
mL FFCE, 590.7 μg/mL FFPE, 53.74 μg/mL formalin-fixed/70% ethanol-stored and 33.2 μg/mL unbuffered formalin 
tissues. The average OD readings for FFCE, FFPE, formalin-fixed/70% ethanol-stored tissues, and tissues fixed in 
unbuffered formalin were 1.86, 1.87, 1.43, and 1.48 respectively. The results show that usable DNA can be ex-
tracted from tissue fixed in formalin and embedded in celloidin or paraffin from the early 1900’s to present, and may 
be amplified through PCR and used for clinical and experimental studies.  
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ies [4]. The quality of DNA preservation or even 
nucleic acid degradation is expected in tissues 
stored in formalin at room temperature for 
months or years. This is due to the acidification 
of formalin into formic acid over long periods of 
time. Use of 10% neutral buffered formalin sta-
bilizes the tissue for a longer time period than 
non-buffered formalin. Preservation of tissue in 
paraffin blocks is variable and is dependent on 
the type of formalin fixative solution used, the 
time of tissue storage in the fixative, and the 
various grades of alcohols, or ethanol, before 
paraffin-embedding [4, 6-9]. Other fixatives that 
have been commonly used were non-buffered 
formalin in the early 1900’s that was then 
blocked into celloidin [10, 11].  
 
In this research study, approximately 180 sam-
ples of tissues from kidney, liver, heart, lung, 
spleen, and brain genomic quality were ana-
lyzed in tissues from post-mortem patients and 
surgical cancer cases. DNA extraction was per-
formed on the following tissues to determine 
DNA quality and integrity: 1) Tissues donated by 
the Indiana Medical History Museum (IMHM), 
formerly the Indiana Central State Hospital for 
the Insane, that were probably fixed in un-
buffered formalin of various concentrations and 
embedded in celloidin (FFCE) (70+ years); 2) 
Formalin-fixed paraffin-embedded (FFPE) post-

mortem autopsy and surgical cases from the 
1970s, 1980s, 1990s, and 2000s (10 to 40 
years) from IU Pathology files; 3) Tissues that 
were fixed in formalin and stored in ethanol (FF/
ethanol stored) from 1990s organ donors from 
National Disease Research Interchange (NDRI); 
4) Tissues donated by the IMHM that were 
probably fixed and kept in unbuffered formalin 
of various concentrations (70+ years). 
 
Material and methods 
 
Tissue procurement 
 
All tissue specimens were retrieved from vari-
ous sources. See Table 1. These cases were 
collected with a current institutional review 
board-approved protocol. The surgical cancer 
cases were collected via an informed consent 
and an approved IRB protocol. The post mortem 
cases were collected using an approved con-
sent for autopsy and IRB approved protocol. The 
Organ Donor tissues that were unsuitable for 
transplant were donated from the family using 
anatomical gift consent. The tissues fixed in 
unbuffered formalin of various concentrations, 
including those that were also embedded in 
celloidin, were donated by the Indiana Medical 
History Museum and the tissue and both the 
tissues and records were obtained using an 

Table 1. A table depicting the types of cases (post mortem vs surgical), the years the samples were col-
lected, and the fixation and storage methods used at the various time frames, and the source of the 
collection of the samples. 

 
Cases Years Col-

lected 
Fixation method Source 

1 Post Mortem Autopsy 1970's FFPE IU Department of Pa-
thology Archives 

  1980's FFPE IU Department of Pa-
thology Archives 

  1990's FFPE IU Department of Pa-
thology Archives 

  2000's FFPE IU Department of Pa-
thology Archives 

2 Surgically Removed Can-
cer Sections 

1998-2000 Formalin fixed, ethanol, paraffin 
embedded 

NDRI; Philadelphia, PA 

3 Organ Donor Tissue 1998-2000 UW solution then formalin fixed 
then placed into ethanol 

NDRI; Philadelphia, PA 

4 Celloidin Blocked Indiana 
Medical History Museum 
Cases 

1911-1942 Unbuffered formalin fixative, 
Celloidin embedded 

Medical History Mu-
seum formerly Central 
State Hospital for the 
Insane 

5 Unbuffered Formalin 
Indiana Medical History 
Museum Cases 

1911-1942 Unbuffered formalin fixative of 
varying concentrations 

Medical History Mu-
seum formerly Central 
State Hospital for the 
Insane 
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approved IRB protocol. 
 
Tissue preparation 
 
Tissues from the IU Department of Pathology 
Archives and Methodist Hospital were collected 
and processed according to pathology standard 
operating procedures. Samples had tissue 
placed in 10% neutral buffered formalin, fixed 
overnight, and transferred to 70% ethanol prior 
to processing to a paraffin block. The blocks 
were microtomed and stained with H&E. The 
organ donor cases were similar but perfused 
with UW solution before surgical harvest and 
then organ/tissue fixation in 10% neutral buff-
ered formalin and stored in 70% ethanol. Cel-
loidin-embedded samples from the Indiana 
Medical History Museum from the early 1900’s 
were placed in unbuffered formaldehyde for an 
undisclosed amount of time and embedded in 
celloidin through an unknown process. The con-
centration of formaldehyde from that time pe-
riod was unknown from sample to sample and 
probably varied from year to year (Figure 1). 
 
Histology review 
 
H&E slides for all FFPE tissues and cases were 
reviewed. Cases that had severe congestion, 
hemorrhage, and necrosis were eliminated from 
DNA analysis. In addition the gastrointestinal 
tract including pancreas were excluded from the 
study due to post mortem autolysis. The old 
celloidin-embedded cases from the Indiana 
Medical History Museum did not have H&E 
slides available for review. 
 
DNA extraction on FFPE tissues (10 to 40 year 
old blocks) 
 
The block was microtomed to produce 10-40 
mg of tissue (about 15 sheets of 10 micron 
thick sections). The tissue was placed in 2 ml 
cryovials and rinsed with xylene. The vials were 
vortexed for 10 seconds and centrifuged at 13 
rpm. The supernatant was removed, and etha-
nol rinse was repeated. The cryovials were left 
uncovered for 15 minutes before 1 ml of isopro-
panol was added. The vials were soaked for 14 
hours. The samples were centrifuged and the 
supernatant was decanted. The tissue was ho-
mogenized for 30 seconds. 240 µL of M1 re-
agent and 250 µL of M2 solution from the Auto-
gen kit AFKT-FXTD were added to all cryovials 
and PK solution was made with a concentration 

of M1 solution to 50 mg of PK. Ten µL of the PK 
solution was added to all tissue samples, and 
the vials were left to rotate in an incubator over-
night at 55 C. 0.5 ml was removed from all sam-
ples and added to the Autogen Flexstar ma-
chine for DNA extraction. The procedure was 
completed according to the Autogen manufac-
turer’s recommendations. 
 
DNA integrity and yield were assessed by deter-
mining sample absorbance at 260 and 280nm 
on the Nanodrop 1000.  
 
DNA extraction on celloidin-embedded tissue, 
tissue fixed in unbuffered formalin, and tissue 
storage in ethanol (70+ year old museum speci-
mens) 
 
Numerous attempts to extract DNA from these 
samples failed during the summer of 2010. No 
bands were obtained on the gels the first sum-
mer. The samples were then stored for 9 
months in a -80 degree freezer. In the summer 
of 2011, the protocol was altered and we tried 
three pilot studies with about 10 to 12 samples 

Figure 1. Gross photograph of the museum jar con-
taining both celloidin embedded tissue and small 
pieces of tissues in unbuffered formalin. These jars 
were sealed and not opened since placing the tissue 
specimens in them (approximately 80+ years). 
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each and all three were successful. First the 
celloidin samples were cut into very thin 10-40 
mg sections of tissue. These sections were 
placed into 2ml cryovials along with 1ml of iso-
propanol. The tissues were homogenized for a 
few minutes until the tissue was liquefied. Most 
cases we saw visually very small white round 
spheres which floated. These were pieces of 
celloidin. The homogenized samples were then 
soaked for 24 hours. Top remove all this matter. 
The samples were centrifuged at 12 rpm for 3 
minutes. The supernatant was decanted and 
the digestion process began. 240 µL of M1 re-
agent and 250 µL of M2 solution from the Auto-
gen kit AFKT-FXTD were added to all cryovials. 
The PK solution was made with a concentration 
of 1 ml M1 solution to 50 mg of PK. Ten µL of 
the PK solution was added to all tissue sam-
ples, and the vials were left to rotate in an incu-
bator overnight at 55 C. If samples were not 
fully digested, they were placed in new fresh 
Proteinase K solution and, again placed in the 
incubator to rotate until properly digested. The 
samples were weighed and 0.5 ml were re-
moved from all samples and added to the Auto-
gen Flexstar machine for DNA extraction. The 
procedure was completed according to the Auto-
gen manufacturer’s recommendations. 
 
Controls 
 
Fresh post mortem tissues with a very short 
post mortem interval period were used as the 
control for this experiment. The tissue had 
never been fixed or frozen before extraction. 
The digestion process for these tissues was as 
follows: 240 µL of M1 reagent and 250 µL of 
M2 solution from the Autogen kit AFKT-FXTD 
were added to all cryovials. The PK solution was 
made with a concentration of 1 ml M1 solution 
to 50 mg of PK. Ten µL of the PK solution was 
added to all tissue samples, and the vials were 
left to rotate in an incubator overnight at 55 C. If 
samples were not fully digested, they were left 
in the incubator until properly digested. 0.5 ml 
were removed from all samples and added to 
the Autogen Flexstar machine for DNA extrac-
tion. The procedure was completed according to 
the Autogen manufacturer’s recommendations. 
 
DNA integrity 
 
DNA integrity and yield were assessed by deter-
mining sample absorbance at 260nm and 
280nm on the Nanodrop 1000. The absorbance 
readings were put into a ratio (260nm/280nm) 

that was deemed the optical density (OD) read-
ing. If this ratio was above 1.6 the data was 
observed to be of good quality. The yield was 
assessed by micrograms per milliliter. If the 
yield was above 100 µg/ml the DNA was observ-
able.  
 
Agarose gel 
 
A 1.2% agarose gel was made. 10% of the sam-
ples were run through electrophoresis for 3 
hours. The gel was saturated with ethidium bro-
mide and a fluorescent picture was taken to 
capture the image. 
 
Results 
 
Table 2 illustrates the summarized data of re-
sults of the extraction of the tissues from the 
various fixatives. Approximately 180 samples 
were evaluated in this study. The average DNA 
yield for the various fixatives was: 367.77 μg/
mL FFCE, 590.7 μg/mL FFPE, 53.74 μg/mL 
formalin-fixed/70% ethanol-stored, 33.2 μg/mL 
unbuffered formalin-fixed tissues, and 2616.24 
μg/mL fresh tissue. The average OD readings 
for FFCE, FFPE, formalin-fixed/70% ethanol-
stored tissues, tissues fixed in unbuffered for-
malin and fresh tissue were 1.86, 1.87, 1.43, 
1.48, and 1.82 respectively. High quality DNA 
has an OD reading between 1.60 and 2.1 on 
average. In our results, (Figure 2), tissue that 
was fixed in formalin and then embedded in 
paraffin or celloidin produced on average higher 
OD numbers than the other tissues tested, indi-
cating that DNA extracted from FFPE or formalin
-fixed celloidin-embedded tissue has on average 
good quality. Tissue extracted from FFPE yielded 
on average the highest concentration of DNA of 
all tissues tested, while unbuffered formalin-
fixed, celloidin-embedded tissue had a slightly 
lower DNA concentration yield (Figure 3). Tis-
sues fixed solely in formalin and stored in 70% 
ethanol, and tissue fixed and kept in unbuffered 
formalin of various concentrations for 70+ years 
produced very low OD reading and yield on aver-
age of the tissues tested. Tissues from the 
heart, lung, and kidneys had higher OD values 
and DNA concentrations compared to the or-
gans outside of the thoracic cavity, which in-
cluded the brain, liver, and spleen (Figure 4). 
 
Discussion 
 
Our results demonstrated that formalin fixed 
celloidin or paraffin-embedded tissues yielded 
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higher quality and concentration of DNA than 
tissues that were not processed and embedded 
after liquid fixation. DNA stored in an aqueous 
or liquid media for prolonged periods 
(approximately 15 and greater than 70 years) of 
time did not yield usable DNA. Many factors can 
influence the results of obtaining high quality 
DNA from fixed and paraffin embedded tissue. 
These are chemical composition of the fixative, 
duration of the fixative, impact of tissue hypoxia 
and autolysis, size of the tissue specimen and 
the length of storage time [12]. 
 
Although the FFPE tissue yielded DNA with 

higher OD numbers than the celloidin-
embedded tissue, the difference in the OD read-
ings of the two embedding procedures was 
slight. The cause of slightly lower OD readings 
from the celloidin-embedded tissue could be 
due to the fact that the samples taken from the 
Indiana Medical History Museum were on aver-
age 50 years older than the FFPE samples we 
tested. Also, there is a possibility that not all the 
celloidin was removed from the tissues which 
physically obstructed cell lysis and DNA release 
from the nucleus whereas the paraffin was 
washed from the FFPE tissue making cell lysis 
easier. A previous study did not remove paraffin 

Table 2. A composite table of a few samples from the various groups of different types of fixation and 
embedding with the raw OD values and DNA concentration yields. Legend is: FFPE= formalin fixed paraf-
fin embedded, Ethanol= fixed for approximately 24 hours, then stored long term in 70% ethanol, cel-
loidin= tissue fixed in unbuffered formalin, embedded in celloidin and stored in what was probably un-
buffered formalin, unbuffered formalin= small pieces of tissues stored in unbuffered formalin and not 
embedded in celloidin. 
Fixative Tissue Yield OD (260/280) 
FFPE Brain 170.84 1.66 
FFPE Liver 1463.55 1.91 
FFPE Spleen 747.89 1.86 
FFPE Heart 233.93 1.99 
FFPE Lung 376.74 1.93 
FFPE Kidney 667.44 1.85 
Ethanol Heart 4.15 1.2 
Ethanol Liver 34.54 1.28 
Ethanol Kidney 53.4 1.66 
Ethanol Lung 129.82 1.5 
Ethanol Spleen 82.86 1.45 
Ethanol Brain 11.69 1.49 
Celloidin Heart 154.56 1.92 
Celloidin Brain 175.24 1.9 
Celloidin Brain 150.87 1.96 
Celloidin Liver 258.41 1.88 
Celloidin Spleen 307.01 1.73 
Celloidin Spleen 272.76 1.86 
Unbuffered Formalin Tissue Unknown 10.9 1.39 
Unbuffered Formalin Tissue Unknown 18.6 1.57 
Unbuffered Formalin Tissue Unknown 45.72 1.74 
Unbuffered Formalin Tissue Unknown 39.04 1.45 
Unbuffered Formalin Tissue Unknown 6.07 1.47 
Unbuffered Formalin Tissue Unknown 47.26 1.22 
N/A (fresh tissue) Liver 4946.55 1.61 
N/A (fresh tissue) Kidney 3083.19 1.87 
N/A (fresh tissue) Lung 1707.44 1.96 
N/A (fresh tissue) Brain 3072.61 1.89 
N/A (fresh tissue) Heart 277.41 1.98 
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but used a different extraction machine [13]. As 
with all archival tissues, we do not know if the 
tissue had been fixed for certain in formalin and 
the details of the fixation are not known. The 
formalin probably was not buffered as it is to-
day, the formalin concentration was unknown, 
and the fixation time was highly variable. Also, 
the fixation temperature in this study was not 
known and the storage conditions were uncer-
tain.  
 
In addition, tissues from organs in the thoracic 
cavity, the heart and lungs, had higher quality 
(OD readings) DNA than those from the abdomi-
nal cavity, which were the liver, kidney, and 
spleen. This difference in post-mortem DNA 
quality could be due to the cellular post-mortem 
degradation of the liver, kidney, and spleen 
caused by the release of pancreatic enzymes 
and bacterial overgrowth that occurs quickly in 
the abdominal cavity compared to the thoracic 
cavity and the cranial vault. A previous study 
done on the extraction of RNA from 80 different 
tissues from four cases had similar findings in 
tissues from and around the gastrointestinal 
tract [9]. 
 
In a previous study involving DNA extraction 

from tissue stored for 80-plus years in liquid 
media, the results were similar to this study 
[14]. The quality and yield of usable DNA in the 
previous study was very low compared to the 
other methods of tissue processing and long-
term storage. Formalin as a liquid medium 
breaks down into formic acid and degrades the 
DNA significantly more rapidly than it does tis-
sue that is embedded in alternative media [4, 7, 
8, 14-16]. This can occur in a few weeks. Both 

Figure 3. DNA concentration yield of the various tis-
sues that were fixed, embedded, and stored under 
different methods. Legend for the figure: FFCE= for-
malin fixed celloidin embedded, FFPE= formalin fixed 
paraffin embedded, FF/Ethanol stored= formalin 
fixed, unbuffered formalin (unknown concentration 
and buffering) and fresh tissue (roughly 14 hours 
post mortem and refrigerated 30 minutes after 
death). The data for fresh tissue was excluded from 
the figure because the yield was so high that the raw 
data would not fit in the graph (> 2,500 ng/ml). 

Figure 4. OD values of various tissues from different 
organs in the body. Some are from the abdominal 
cavity, the thoracic cavity and cranial cavity. Tissues 
from the abdominal cavity located around the pan-
creas had lower OD values due to pancreatic diges-
tive enzymes leaking out during the time period from 
death to tissue removal at autopsy 

Figure 2. Optical Density values of the various tissues 
that were fixed, embedded, and stored under differ-
ent methods for many years. The shortest time frame 
was 15 years for liquid storage, 70+ years for the 
unbuffered formalin storage, 15 to 40 years for the 
paraffin embedded tissue, and greater than 70+ 
years for the celloidin embedded tissue. Legend for 
the figure: FFCE=formalin fixed celloidin embedded, 
FFPE= formalin fixed paraffin embedded, FF/Ethanol 
stored= formalin fixed, unbuffered formalin (unknown 
concentration and buffering) and fresh tissue 
(roughly 14 hours post mortem and refrigerated 30 
minutes after death). 
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formalin and 70% ethanol long-term storage 
(years) are not the appropriate media for obtain-
ing usable DNA for genomic projects. The tissue 
embedding process for both celloidin and paraf-
fin was more ideal for DNA preservation than 
long-term liquid storage, which is used in many 
museum specimens [12, 16]. 
 
In the FFPE evaluation of paraffin blocks in this 
study, post-mortem autopsy tissues from 4 dif-
ferent ten-year time intervals were evaluated to 
determine if there were any differences in the 
quality of DNA extracted from similar paraffin-
embedded tissues, but from different decades. 
Even though the amount of time in tissue proc-
essing through various alcohols into xylene were 
different and there were different forms of par-
affin used, there were no major variations in the 
quality and yield of DNA between the groups. 
Another study found similar results [17]. In addi-
tion, FFPE surgical cases were evaluated to ana-
lyze and compare the quality of DNA extracted 
from pre-mortem surgical cases with a time 
frame of tissue obtained from surgery into fixa-
tion of about 30 minutes, and post-mortem tis-
sue samples with an average post mortem inter-
val of about 14 to 16 hours. Again, no out-
standing variations were seen in the DNA qual-
ity and yield between post-mortem and surgical 
tissue cases. In comparison to previous studies, 
no problems were encountered with the Auto-
gen Flexstar DNA extraction method and DNA of 
a usable quality was obtained from the formalin-
fixed paraffin-embedded blocks [6-8]. Previous 
studies often use proteinase K in DNA extrac-
tions. Several studies have shown that pro-
longed digestion with proteinase K gave higher 
yields of DNA than other methods [12, 16]. We 
strongly feel a long proteinase K digestion im-
proved our DNA quality and yield with these 
samples on this study. A recent study had some 
difficulty extracting high yield DNA using six to 
seven new commercial kits from FFPE samples 
with a long time proteinase K digestion at 56 
degrees [18]. 
 
Previous studies on DNA extraction from inner 
ear tissue embedded in celloidin revealed simi-
lar results to the results in this study. However, 
most of the other studies had very few cases 
and were mainly tissues from the temporal 
bone and inner ear [19, 20]. These studies also 
used tissues that were recently fixed and cel-
loidin embedded, in contrast to this study that 
used tissue that had been stored for a long pe-
riod of time(>70+ years). Most DNA extraction 

procedures in these studies used organic sol-
vents to break down the celloidin compared to 
this study that did not use organic solvents [19, 
20]. The methods used in this study had a 9 
month storage period in a -80 degree freezer, 
thorough tissue homogenization, a long term PK 
digestion in a rotating incubator over 24 plus 
hours, and the Autogen Flexstar to obtain good 
DNA of a usable quality. 
 
In conclusion, good usable DNA was obtained 
from celloidin and FFPE embedded tissues com-
pared to fixation in liquid formalin and/or long 
term storage in 70% ethanol (>70 years). The 
long term storage in paraffin (10 to 40 years) 
did not seem to affect the DNA results. Celloidin
-blocked tissues samples (>70 years) were ex-
tracted using non-organic solvent methods and 
yielded usable DNA of comparable quality to 
FFPE tissues. 
 
Address correspondence to: Dr. Sandusky GE, IU 
School of Medicine, Dept. of Pathology, Medical Sci-
ence Rm. 128, 635 Barnhill Dr., Indianapolis, IN 
46202, USA Tel: 317-278-2304; Fax: 317-278-2018; 
E-mail: gsandusk@iupui.edu 
 
References 
 
[1] Santos S, Sa D, Bastos E, Guedes-Pinto H, Gut 

I, Gartner F and Chaves R. An efficient protocol 
for genomic DNA extraction from formalin-fixed 
paraffin-embedded tissues. Res Vet Sci 2009; 
86: 421-426. 

[2] Stan AD, Ghose S, Gao XM, Roberts RC, Lewis-
Amezcua K, Hatanpaa KJ and Tamminga CA. 
Human postmortem tissue: what quality mark-
ers matter? Brain Res 2006; 1123: 1-11. 

[3] Harrison PJ, Heath PR, Eastwood SL, Burnet 
PW, McDonald B and Pearson RC. The relative 
importance of premortem acidosis and post-
mortem interval for human brain gene expres-
sion studies: selective mRNA vulnerability and 
comparison with their encoded proteins. Neuro-
sci Lett 1995; 200: 151-154. 

[4] Srinivasan M, Sedmak D and Jewell S. Effect of 
fixatives and tissue processing on the content 
and integrity of nucleic acids. Am J Pathol 
2002; 161: 1961-1971. 

[5] Huang WY, Sheehy TM, Moore LE, Hsing AW 
and Purdue MP. Simultaneous recovery of DNA 
and RNA from formalin-fixed paraffin-
embedded tissue and application in epidemi-
ologic studies. Cancer Epidemiol Biomarkers 
Prev 2010; 19: 973-977. 

[6] Shi SR, Cote RJ, Wu L, Liu C, Datar R, Shi Y, Liu 
D, Lim H and Taylor CR. DNA extraction from 
archival formalin-fixed, paraffin-embedded tis-
sue sections based on the antigen retrieval 
principle: heating under the influence of pH. J 



High quality DNA extraction from old FFCE blocks  

 
 
205                                                                                                              Am J Transl Res 2012;4(2):198-205 

Histochem Cytochem 2002; 50: 1005-1011. 
[7] Chung JY, Braunschweig T, Williams R, Guerrero 

N, Hoffmann KM, Kwon M, Song YK, Libutti SK 
and Hewitt SM. Factors in tissue handling and 
processing that impact RNA obtained from for-
malin-fixed, paraffin-embedded tissue. J Histo-
chem Cytochem 2008; 56: 1033-1042. 

[8] Miething F, Hering S, Hanschke B and Dressler 
J. Effect of fixation to the degradation of nu-
clear and mitochondrial DNA in different tis-
sues. J Histochem Cytochem 2006; 54: 371-
374. 

[9] Lee J, Hever A, Willhite D, Zlotnik A and Hevezi 
P. Effects of RNA degradation on gene expres-
sion analysis of human postmortem tissues. 
Faseb J 2005; 19: 1356-1358. 

[10] Shibata D, Martin WJ and Arnheim N. Analysis 
of DNA sequences in forty-year-old paraffin-
embedded thin-tissue sections: a bridge be-
tween molecular biology and classical histology. 
Cancer Res 1988; 48: 4564-4566. 

[11] Kretzschmar HA, Neumann M and Stavrou D. 
Codon 178 mutation of the human prion pro-
tein gene in a German family (Backer family): 
sequencing data from 72-year-old celloidin-
embedded brain tissue. Acta Neuropathol 
1995; 89: 96-98. 

[12] Crisan D, Mattson JC. Retrospective DNA analy-
sis using fixed tissue specimens. DNA Cell Biol 
1993; 12: 455-464. 

[13] Kennedy S. Isolation of DNA from FFPE sam-
ples without paraffin removal. Biotechniques 
2009; 21. 

[14] Shiozawa DK, Kudo J, Evans RP, Woodward SR 
and Williams RN. DNA extraction from pre-
served trout tissues. Great Basin Naturalist 
1992; 52: 29-34. 

[15] Ferrer I, Armstrong J, Capellari S, Parchi P, Arz-
berger T, Bell J, Budka H, Strobel T, Giaccone G, 
Rossi G, Bogdanovic N, Fakai P, Schmitt A, 
Riederers P, Al-Sarraj S, Ravid R and Kretzsch-
mar H. Effects of formalin fixation, paraffin 
embedding, and time of storage on DNA preser-
vation in brain tissue: a BrainNet Europe study. 
Brain Pathol 2007; 17: 297-303. 

[16] Schander C, Halanych K. DNA, PCR and forma-
linized animal tissue - a short review and proto-
cols. Org Divers Evol 2003; 3: 195-205. 

[17] Lin J, Kennedy SH, Svarovsky T, Rogers J, Kem-
nitz JW, Xu A and Zondervan KT. High-quality 
genomic DNA extraction from formalin-fixed 
and paraffin-embedded samples deparaffinized 
using mineral oil. Anal Biochem 2009; 395: 
265-267. 

[18] Weiss AT, Delcour NM, Meyer A and Klopfleisch 
R. Efficient and cost-effective extraction of ge-
nomic DNA from formalin-fixed and paraffin-
embedded tissues. Vet Pathol 2011; 48: 834-
838. 

[19] Kimura Y, Kouda H, Eishi Y, Kobayashi D, Su-
zuki Y, Ishige I, Iino Y and Kitamura K. Detec-
tion of mitochondrial DNA from human inner 
ear using real-time polymerase chain reaction 
and laser microdissection. Acta Otolaryngol 
2005; 125: 697-701. 

[20] Hart PS, Vlaservich AC, Ryu JH and Kohut RI. 
Improved method of isolation of DNA from cel-
loidin-embedded tissue. Laryngoscope 1999; 
109: 831-833. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


