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Introduction: Storage of specimens sampled from human remains for pathological testing, embalming for burial purposes, and
for human identification often requires formalin fixation and/or paraffin embedding. Current knowledge in molecular biology
techniques and forensic DNA analysis makes it possible to optimize the extraction of amplifiable DNA from formalin-fixed
tissues by improving the pre-treatment, optimizing the digestion condition of proteinase K, simplifying the extraction protocol
and purifying the extracted DNA with optimized volumes of alcohol. Aim: This research sought to extract amplifiable DNA from
thirteen brain, bone marrow and cartilage samples from four formalin embalmed human cadavers. Materials and Methods:
Brain, cartilage and bone marrow samples were taken from four different cadavers at autopsy at the Ghana Police Hospital
mortuary in Accra, Ghana sixty-two days after embalming. An optimized preparation and DNA extraction protocol was carried
out on all the samples. Brain samples were also taken from a non-formalin treated fifth cadaver of known STR profile, and
standard DNA extraction performed to serve as positive control. Results: Our optimized protocol yielded detectable quantities
of DNA from the samples when quantified with the 7500 Real-Time PCR equipment. The extracted DNA also yielded full STR
profiles with varying peak heights for forensic identification purposes. The measured degradation indexes of the DNA samples
were greater than 1.0, with peak heights of generated STR profiles above the limits of detection of the 3500 genetic analyzer.
Conclusion: Our current study demonstrated an optimized method of DNA extraction from tissues (brain, cartilage and bone
marrow) sampled from formalin embalmed human cadavers. The optimized protocol reduced the concentration of formalin
fixation residues in extracted DNA from formalin-fixed tissues, thereby improving the amplification efficiency for STR profiling.
Brain, bone marrow and cartilages can be a good source of DNA from embalmed and degraded human remains, though for
skeletonized human remains together with teeth and long bones.
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embalming for burial purposes employ formalin fixation and/ E-mail: kofi.afrifah@gwu.edu
or paraffin embedding. Genetic materials (DNA and RNA)
from formalin-fixed tissues have been isolated and used for
numerous purposes including genetic studies and forensic
cases.l'! Most often, the quantity and quality of recovered
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DNA are dependent on the type of tissue and the DNA
extraction procedure employed, as formalin fixation induces
DNA damage, chemical modifications, and degradation,
thereby reducing the quantity and quality of DNA available
for downstream genetic analyses.?!

Recent advances in molecular biology and forensic DNA
profiling have shown that DNA extraction from formalin-fixed
tissues can be optimized by improving the pretreatment,
optimizing the digestion condition of proteinase K, simplifying
the procedures of the DNA extraction, and purifying the
extracted DNA with optimized volumes of alcohol.!

The success rate of genetic or short tandem repeats (STRs)
analysis depends, to a large extent, on the quality and quantity
of DNA extracted from biological samples.

STRs are generally highly polymorphic and their alleles are
differentiated by the number of copies of the repeat sequence
within each of the STR locus. The greater the number of STR
loci used for forensic DNA typing, the greater the discriminative
value, as the probability that two individuals are chosen at
random in a population possessing exactly the same number of
STRs being analyzed is extremely rare.>®! The target STRs in
forensic DNA analysis are usually the large autosomal, small
autosomal, and the Y (male) STRs.

In forensic DNA casework, samples usually employed include
blood, semen, saliva, epithelial cells, hair with roots, bones,
and various other human tissues obtained at autopsy as well
as human tissues fixed in formalin.[®!

Fixation of human tissues with formalin and subsequent
preservation with paraffin mostly preserve biological tissues for
histopathological examination and embalming human remains
for medical study or in preparation for burial.l! Extraction of
genetic material from formalin-fixed and paraffin-embedded
tissues serves as a rich source of DNA or RNA for forensic
identification, medicolegal investigations, missing persons’
identification, and relationship testing.!'%!!

Preservation of biological samples with formalin for forensic
and medical purposes induces protein-formaldehyde reactions
between carbonyl groups of the formaldehyde and the amine
groups of proteins resulting in fixation and chemical modification
of molecules, cells, and fibers within human tissues.!'>'4

During DNA extraction from embalmed human tissues,
formalin acts as an enzyme inhibitor and reduces proteinase
K activity.>!™ The effectiveness of formalin fixation depends
largely on its concentration in the arteries, veins, and capillaries,
as the extent of vascularity of human tissues may determine
the effectiveness of the formalin fixation process.!'!”! Tissues
such as skin, muscle, and internal organs with high blood supply
will likely be perfused with more formalin solution than those
tissues with less vascularization such as cartilage, tendons, and
ligaments.['"®2% A reduction in downstream STRs amplification
is expected with more vascularized human tissues than less
vascularized ones.[*?!]

The aim of this study is to genetically profile some
formalin-fixed, relatively vascularized tissues such as the brain,
bone marrow, and avascular cartilage.

We report on an optimized DNA extraction method and
subsequent STR profiling of some embalmed human tissues
collected from the Ghana Police Hospital Mortuary, Accra.

MareriaLs AND METHODS

Collection of samples

Four cadavers (HC1, HC2, HC3, and HC4) were embalmed
with formalin fluid containing 2.0 L of formaldehyde, 500.0 ml
methylated spirit, 150.0 ml glycerin, and 3.0 ml of distilled
water in conformity with national and international standards.
The brain, cartilage, and bone marrow samples were taken
from each cadaver at autopsy at the Ghana Police Hospital
mortuary in Accra, Ghana, 62 days after embalming. They were
then placed in 2.0 ml centrifuge tubes and stored at 20.0°C
for DNA extraction.

Brain samples were taken from a nonformalin-treated fifth
cadaver of known STR profile as a positive control.

Samples

Cadaver 1:

»  HCIB: Brain sample from cadaver 1

*  HCIC: Cartilage sample from cadaver 1

*  HCIM: Bone marrow sample from cadaver 1

Cadaver 2:

*  HC2B: Brain sample from cadaver 2

*  HC2C: Cartilage sample from cadaver 2

*  HC2M: Bone marrow sample from cadaver 2

Cadaver 3:

*  HC3B: Brain sample from cadaver 3

»  HC3C: Cartilage sample from cadaver 3

*  HC3M: Bone marrow sample from cadaver 3

Cadaver 4:

*  HCA4B: Brain sample from cadaver 4

*  HCAC: Cartilage sample from cadaver 4

*  HC4M: Bone marrow sample from cadaver 4

Cadaver 5:

»  MSKP: Nonformalin-treated male brain sample of known
DNA profile (positive control).

Ethical clearance was obtained from the Committee on
Human Research, Publication and Ethics of Kwame
Nkrumah University of Science and Technology, Kumasi
Ghana (Number: CHRPE/RC/061/13 on April 02, 2013) and
informed consent was obtained from relatives of cadavers.

Preparing embalmed tissues for DNA extraction

About 100.0 mg each of the brain, cartilage, and bone marrow
samples were taken from HC1, HC2, HC3, and HC4 cadavers and
placed into 1.5 ml nuclease-free microtubes. The samples were
then subjected to DNA extraction process as described below.

The samples were first deparaffinized with 1.0 ml of xylene
PA (Merck KGaA, Darmstadt, Germany), and rehydrated
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with 2.0 ml absolute ethanol (Merck KGaA, Darmstadt,
Germany). The samples were then homogenized by pulse
vortexing and incubated at 56°C, for 30 min, in digital
thermomixer (Eppendorf AG, Hamburg, Germany).

After incubation, the samples were centrifuged at 14,000 rpm
for 5 min (Eppendorf AG, Hamburg, Germany) and the
supernatant was discarded. The centrifugation process
was repeated to remove excess xylene and ethanol from
the mixture. The supernatant was decanted and 1.0 ml 1X
phosphate-buffered saline (PBS) was added to the sediment.
The mixture was incubated at room temperature for 10 min
and centrifuged at 14,000 rpm for 2 min (Eppendorf AG,
Hamburg, Germany). The supernatant was discarded and
600 ul of 1.0 ml 1X PBS was added for a second wash. The
mixture was incubated at room temperature for 10 min and
centrifuged at 14,000 rpm for 2 min (Eppendorf AG, Hamburg,
Germany). The supernatant was discarded. The sediment was
centrifuged again at 14,000 rpm for 5 min to remove excess
PBS and the supernatant discarded.

The sediment at the bottom of the tube was washed three
times, each with 1.0 ml of absolute ethanol (Merck KGaA,
Darmstadt, Germany). The supernatant was discarded after
each wash. The sediment was air-dried at room temperature
for 45 min before DNA extraction.

DNA extraction

Genomic DNA was extracted from 13 pelleted samples
from the brain, cartilage, and bone marrow from the four
embalmed human cadavers and positive control using the
QIAamp DNA Investigator Kit (Qiagen, Hilden, Germany)
following manufacturer’s instructions, for genetic testing with
optimization.

Briefly, about 10.0 mg each of the brain, bone marrow,
and cartilage tissue samples were transferred into 1.5 ml
microcentrifuge tubes containing 200.0 pl of Buffer ATL and
left to equilibrate at 15°C-25°C room temperature. About
30 ul of proteinase K was added to each tube and mixed
by pulse-vortex for 30 s. The mixture was then incubated at
56°C overnight in an orbital incubator to completely lyse the
samples. About 200.0 ul of Buffer AL and 15.0 ul of carrier
RNA were added to the mixture; the lid was closed and mixed
by pulse-vortexing for 15s to give a homogeneous solution.
To the mixture, 200.0 pl of ethanol (96%—100%) was added;
the lid was closed and mixed thoroughly by pulse-vortexing
for 15 s. The mixture was then incubated for 5 min at room
temperature. The mixture was briefly centrifuged to remove
drops from the lid of the 1.5 ml tube. The lysate was carefully
transferred into a 2.0 ml QIAamp MinElute column, the
lid was closed, and centrifuged at 8000 rpm for 2 min. The
flow-through was discarded.

The QlAamp MinElute column was carefully opened and
500.0 wl Buffer AW1 was added without getting the rim wet.
The lid was closed and the mixture was centrifuged at 8000 rpm
for 2 min. The flow-through was discarded.

To the QIAamp MinElute column, 700.0 ul Buffer AW2 was
added and centrifuged at 8000 rpm for 2 min. The flow-through
was discarded.

To the QIAamp MinElute column, 700.0 ul of ethanol
(96%—-100%) was added without wetting the rim. The cap
was closed and the mixture was centrifuged at 8000 rpm for
2 min. The flow-through was discarded. The membrane was
completely dried by centrifuging for 3 min at 14,000 rpm. The
flow-through was discarded.

The QIAamp MinElute column was placed in a new 1.5 ml
microcentrifuge tube, the lid was carefully opened and the
pellet incubated at room temperature for 30 min.

To the column, 50.0 ul of Buffer ATE (equilibrated to room
temperature) was applied to the center of the membrane.

The lid of the column was closed and incubated at room
temperature for 3 min. It was then centrifuged at 14,000 rpm
for 2 min to elute the DNA.

Extracted DNA samples were stored at —20°C before further
analysis.

DNA quantification

DNA extracted from the 13 pelleted samples was quantified
with the 7500 quantitative polymerase chain reaction (QPCR)
equipment using the Quantifiler™ Trio DNA amplification
kit (Applied Biosystems, Foster City, CA) following the
manufacturer’s instructions.

Short tandem repeat amplification and capillary
electrophoresis

The extracted DNA from the 13 samples was then
amplified with the 9700 PCR machine using AmpFLSTR™
GlobalFiler™ PCR Amplification Kit (Applied Biosystems,
Foster City, CA) following the manufacturer’s protocol.
The amplified STR targets were electrophoresed in the 3500
Genetic Analyzer (Applied Biosystems, Foster City, CA) and
the generated STR profiles were analyzed using GeneMapper
IDx version 1.5 software (Applied Biosystems, Foster City,
CA, USA), following the manufacturer’s instructions.

ResuLts

Quantitative polymerase chain reaction results

The negative control template included in the DNA
quantification showed amplification for the internal
positive control (IPC), but there was no amplification for
the other DNA targets. This meant that the quantitative
PCR assay worked well and that the sample preparation
procedure was devoid of contamination. There was
optimum amplification of the positive control, which
showed detectable DNA for human (large autosomal
and small autosomal) and Y targets. Slopes of —3.442,
—3.483, and —3.300 were obtained from the standard
curve for the Y-target, large autosomal and small
autosomal, respectively with amplification efficiency of
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99.8% [Figure 1]. The cycle threshold (CT) values for
all amplified targets were <40, which indicated optimum
amplification in these samples. Figure 1 shows the DNA

Standard Curve
36
35

standard plot of the three targets STRs.

Table 1: DNA concentrations and internal positive control
cycle threshold values from real-time quantification

Sample name Concentration IPC CT Degradation
(ng/pl) value index

Cadaver 1

HC1B 1.616 27.268 1.521

HC1C 1.294 27.354 1.732

HCIM 2.621 27.621 1.919
Cadaver 2

HC2B 1.342 27.615 2.327

HC2C 1.921 27.412 2.125

HC2M 2414 27.532 2.614
Cadaver 3

HC3B 2.101 27.810 1.932

HC3C 2.414 27.645 1.817

HC3M 2.957 27.648 2.141
Cadaver 4

HC4B 1.632 27.214 2.813

HC4C 1.826 27.652 2916

HC4M 1.468 27.642 3.003
Positive control

MSKP 16.214 27.462 1.090

IPC: Internal positive control, CT: Cycle threshold,
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Figure 1: DNA Standard plot of the three STR targets

Table 2: Typing results of the analyzed samples

STR locus Positive control (MSKP) Cadaver 1 (HC1B) Cadaver 2 (HC2C) Cadaver 3 (HC3M) Cadaver 4 (HC4AM)
D3S1358 14,15 14, 16 16,17 15, 16 15,17
vWA 16,17 16, 18 15,16 15,18 15,18
D16S539 10, 13 9,13 11 13 9,11
CSF1PO 7,11 10 9,12 8,13 10, 12
TPOX 8,11 9,11 10 11, 12 9,11
D8S1179 15 13, 14 12,15 7,11 14
D21S11 29, 30 28,31.2 30, 31 28,30 28,332
D18S51 16, 18 16,19 15,16 16,19 17,22
DYS391 10 10 11 10 N/A
D2S441 11, 14 11, 14 11,123 11, 14 11, 14
D19S433 11,152 12,13 16 14,15.2 11,15
THO1 6,8 7,93 8,10 8,9 7
FGA 24,26 23,26 182,27 22,24 22,25
D22S1045 10, 15 11,16 15,17 14,17 11,17
D5S818 12,13 12 11 12,13 11,13
D13S317 12 13 12,13 12,13 12, 14
D7S820 11,12 8, 14 8,10 8 8,10
SE33 17 16,23.2 18, 19 14,17 17,272
D10S1248 12,13 10, 13 14,15 13 12, 14
DI1S1656 14,16.3 10, 13 14, 16 11 15,16.3
D12S391 20 17,21 15,18 16, 18 17,18
D2S1338 17,24 20, 21 22,24 20, 23 21,22
Y INDEL 2 2 2 2 N/A
AMEL X, Y X, Y X, Y X, Y X

STR: Short tandem repeat, MSKP: Male brain sample of known DNA profile (positive control)
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ARn means Rn minus the baseline. Rn means the fluorescence
of the reporter dye divided by the fluorescence of a passive
reference dye; thus, Rn is the reporter signal normalized to
the fluorescence signal of Applied Biosystems ROX dye.

Detectable DNA concentrations were observed for the brain,
bone marrow, and hyaline cartilage samples from all four
cadavers as well as the positive control.

Table 1 shows the DNA concentrations and IPC CT values
from real-time quantification.

Comparison of DNA degradation
Degradation indexes of more than 1 were observed for the brain,

cartilage, and bone marrow samples for all four cadavers and
the positive control [Table 1]. Degradation indexes of more
than | indicated a measure of degradation in all samples. This
was expected especially as the cadavers were embalmed with
formalin.

Electrophoresis

Allelic ladder that was run alongside the 13 samples in the
capillary electrophoresis passed; the negative control showed a
null profile, and the positive control gave a full STR profile. This
was an indication that the capillary electrophoresis run was good,
with no contamination of the samples or reagents. Figure 2 shows
the DNA ladder indicating the various alleles at the 24 STR loci.
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Figure 2: DNA ladder indicating the various alleles at the 24 STR loci. STR: Short tandem repeat
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Figure 3: STR typing results of the analyzed samples from cadaver 1. STR: Short tandem repeat

Detected alleles

DNA extracted from the brain, bone marrow, and cartilage
from all four cadavers as well as the positive control gave full
DNA profiles as shown in Figures 3-7. Table 2 below shows
detected alleles of the analyzed samples.

Figure 3 below shows the STR typing results of the analyzed
samples from cadaver 1.

Figure 4 below shows the STR typing results of the analyzed
samples from cadaver 2.

Figure 5 below shows the STR typing results of the analyzed
samples from cadaver 3.

Figure 6 below shows the STR typing results of the analyzed
samples from cadaver 4.

Figure 7 below shows the STR typing results of nonformalin-
treated male brain sample of known profile (positive control).

Discussion

Embalming of human cadavers for burial and preservation of
human tissues for medicoforensic testing employs formalin
fixation and/or paraffin embedding, and these processes/
activities generally result in DNA damage, chemical
modifications, and DNA degradation.!” This preservation
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Figure 4: STR typing results of the analyzed samples from cadaver 2. STR: Short tandem repeat

method results in reduced quantity and quality of DNA
available for downstream genetic analyses.

The quantity and quality of recovered DNA are mostly
dependent on the type of tissue and the DNA extraction method
employed, just as the success rate of STR profile analysis
depends, to a large extent, also on the quality and quantity of
DNA extracted from biological samples.[*?>24

Recent developments in molecular biology and forensic
DNA profiling have shown that DNA extraction from
formalin-fixed tissues can be optimized by improving the
pretreatment, optimizing the digestion condition of proteinase
K, simplifying the procedures of the DNA extraction, and
purifying the extracted DNA with optimized volumes of
alcohol.P¥)

We have demonstrated in our current study an optimized
method of DNA extraction from tissues (brain, cartilage,
and bone marrow) sampled from formalin-embalmed human
cadavers.

Tissues such as skin, muscle, and internal organs with high
blood supply typically retain high volumes of formalin after
treatment than those tissues with less vascularization such
as cartilage, tendons, and ligaments.l'®2% This negatively
impacts downstream STR amplification of more vascularized
human tissues than less vascularized ones,??! due to the high
quantities of formalin-fixed residues in the extracted DNA.

We hypothesized that formalin is water-soluble, and reducing
the concentration of formalin-fixed residues in extracted DNA
from less vascularized tissues can greatly improve amplification
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Figure 5: STR typing results of the analyzed samples from cadaver 3. STR: Short tandem repeat

efficiency and subsequent STR profiling in forensic casework.
Our optimized protocol yielded detectable quantities of DNA
from the samples [Table 1] when quantified with the 7500
real-time PCR equipment (Applied Biosystems, Foster City, CA).

The successful amplification of DNA extracted from these
embalmed and less vascularized tissues agrees with the results
from previous studies which found that the amplification
efficiency of these samples was significantly improved when
PBS washing step was introduced into the DNA extraction
protocol.?5271 The PBS solution may have solubilized and
removed the formalin fixation residues which usually act as
PCR inhibitors, thereby improving the amplification efficiency.

Furthermore, the PBS solution may have possibly created an
optimum buffering medium for the polymerase enzyme to
increase the quality and quantity of amplified DNA during
amplification.

The extracted DNA also yielded full STR profiles with
varying peak heights for forensic identification purposes,
suggesting the effectiveness of the DNA extraction procedure.
Although the measured degradation indexes of the quantified
DNA samples were >1.0, the peak heights of the generated
STR profiles were above the limits of detection of the genetic
analyzer, suggesting that there was limited effect of the
formalin on downstream amplification of the DNA samples.
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Figure 6: STR typing results of the analyzed samples from cadaver 4. STR:

The results from the current study are also consistent with the
results obtained by other researchers on embalmed human
cadavers®’ who were able to extract detectable amounts of
DNA and generated full STR profiles from the bone marrow
and brain. The current study also showed that although
different quantities of DNA were obtained from bone marrow,
brain tissues, and cartilage [Table 1], they all yielded full
profiles of varying peak heights [Figures 3-7]. The obtained
data indicate that the quantity of DNA used as PCR starting
material typically does not solely determine the success of
STR profile obtained, but most likely, varying levels of DNA
degradation and chemical modifications due to the formalin

Short tandem repeat

fixation and presence of formalin-fixed residues further
reduced DNA amplification.

CoNCLUSION

The current research sought to extract amplifiable DNA from
the brain, bone marrow, and cartilage from formalin-embalmed
human cadavers.

We demonstrated in the current study that by optimizing
the DNA extraction protocol, amplifiable quantities of DNA
can be obtained from the brain, bone marrow, and cartilage
samples from formalin-embalmed human cadavers. Our
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Figure 7: STR typing results of the analyzed samples from cadaver 5 (positive control). STR: Short tandem repeat

optimized protocol reduced the concentration of formalin
fixation residues in extracted DNA from formalin-fixed
tissues, thereby improving the amplification efficiency for
STR profiling.

The extracted DNA from the various tissues from embalmed
human cadavers also yielded full STR profiles with varying
peak heights for forensic identification purposes.

For human identification purposes, the brain, bone marrow,
and cartilage can be good sources of DNA from embalmed
and degraded human remains, although for skeletonized

human remains, teeth and long bones still remain the samples
of choice for DNA extraction.
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