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Abstract

Background: Extraction of DNA from formalin-fixed, paraffin-embedded (FFPE) tissue is a critical step in molecular
oncologic testing. As molecular oncology testing becomes more important for prognostic and therapeutic decision
making and tissue specimens become smaller due to earlier detection of suspicious lesions and the use of fine
needle aspiration methods for tissue collection, it becomes more challenging for the typical molecular pathology
laboratory to obtain reliable test results. We developed a DNA extraction method to obtain sufficient quantity and
high quality genomic DNA from limited FFPE tissue for molecular oncology testing using a combination of H&E
stained slides, a matrix capture method and the Qiagen DNA column.

Methods: Three DNA extraction methods were compared: our standard procedure of manually scraping tissue
from unstained slides followed by DNA extraction using the QIAamp FFPE column (Qiagen, Valencia, CA), a glue
capture method (Pinpoint Solution, Zymo Research Corp, Inc) on H&E stained slides followed by DNA extraction
using either the QIAamp column or the column included with the Pinpoint kit (Zymo Research). The DNA extraction
protocol was optimized. Statistical analysis was performed using the paired two-sample student’s t-test.

Results: The combination of the matrix capture method with the QIAamp column gave an equivalent amount of DNA
as our standard extraction method using the unstained slides and a 4.6-fold higher DNA yield than using the Zymo
column included in the Pinpoint Slide Solution kit. Several molecular tests were performed and DNA purified using the
new method gave the same results as for the previous methods.

Conclusions: Using H&E stained slides allows visual confirmation of tumor cells during microdissection. The Pinpoint
solution made removal of specific tissue from the slides easier and reduced the risk of contamination and tissue loss.
This DNA extraction method is simple, cost-effective, and blends with our current workflow requiring no additional
equipment.
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Background
Isolating genomic DNA (gDNA) from formalin-fixed,
paraffin-embedded (FFPE) tissue is a critical step in mo-
lecular oncologic testing [1-6]. In most molecular diag-
nostic laboratories, this is done by cutting one or two
hematoxylin and eosin (H&E) stained slides and 5-10
unstained sections, 6-10 microns in thickness, from
FFPE tissue blocks. The H&E slide is reviewed by a
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pathologist; the area of interest is circled; and the slide is
used to guide macro- or microdissection of the tissue
from the unstained sections for tumor enrichment
[7-10]. When resection specimens with large areas of
tumor are available, this technique is facile. Increasingly
though, molecular analysis from small biopsies or fine
needle aspirates (FNA) is requested due to improved tol-
erance by patients and decreased invasiveness of the
procedure. Since fewer tumor cells are available in these
specimens, it can be very challenging to obtain enough
DNA for testing, particularly in testing for the spectrum
of epidermal growth factor [11] exons 18-21 mutations
td. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,

mailto:deqin-ma@uiowa.edu
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/


A

B

C

D

Figure 1 Microdissection of H and E stained slides using matrix
capture method. Unstained slides (6 microns in thickness) were
deparaffinized and H&E stained as described in Methods section. A
and B: Pre- and post- removal of a 1 mm2 nest of adenocarcinoma
cells from the pinpoint-treated section (4x); C: An example of
clusters of adenocarcinoma cells in a mucin pool with pinpoint
solution applied; D: The same specimen as C after removal of the
tissue (4X).
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from small transbronchial lung biopsies. Additional
challenges to obtain adequate genetic material, irrespect-
ive of the tissue fragment size, include contamination of
tumor cells with surrounding necrosis, mucin pools, in-
flammatory cells, and other non-neoplastic cells. Laser
capture microdissection (LCM) [12,13] is an alternative;
but it requires special equipment and special training for
the medical technologists. It is also cost and space pro-
hibitive for many laboratories to invest in an LCM system.
Another obstacle during specimen processing in the

molecular diagnostic laboratory is accurate microdissec-
tion of marked tumor cell clusters from unstained slides.
Tumor cells present in the H&E reference slide may be
decreased or absent in the deeper unstained sections
leading to a falsely negative result. Accurate morpho-
logical visualization is essential in microdissection of small
biopsies [14]. Several groups have explored the possibility
of using histochemically stained slides for DNA extraction
and have reported adverse consequences of the staining
on DNA amplification [14-18]. Recently, Morikawa et al
[19] extensively studied the effects of H&E staining on
DNA testing and showed that neither the DNA yield
nor molecular oncologic test results were affected by
the stains.
The Pinpoint Slide DNA Isolation System (Zymo Re-

search Corp, Irvine, CA) is a matrix capture method which
allows lifting of tissue from the slides with ease and mini-
mizes the potential for tissue loss and contamination from
flaking of tissue during scraping of the slides (http://www.
zymoresearch.com/dna-purification/genomic-dna/solid-
ffpe-tissue-dna/pinpoint-slide-dna-isolation-system).
In this study, we compared our standard procedure of

manually microdissecting tissue from unstained FFPE
tissue on glass slides with a new method using the appli-
cation of Pinpoint solution (Zymo Research Corp) on
non-coversliped H&E stained slides. We also optimized
the DNA column purification steps by comparing the
column that came with the Pinpoint Slide Solution kit
(Zymo Research Corp) and the QIAamp DNA FFPE Tis-
sue kit (Qiagen, Valencia, CA).

Results
Comparison of tissue harvest and DNA extraction methods
To evaluate different tissue harvesting and DNA extrac-
tion methods, the specimens were divided into three
groups. The first group used the standard method in the
laboratory (U-SQ), in which unstained FFPE tissue was
scraped with a razor blade followed by extraction with
the QIAamp kit. The second and third groups employed
deparaffinization and H&E staining of the slides followed
by tissue harvest using the Pinpoint reagent. The speci-
men was then divided into two parts for extraction of
gDNA, one half with the Qiagen kit (Pinpoint harvest
with QIAamp column extraction, H-PQ) and the other
half with the Zymo kit (Pinpoint harvest with Zymo col-
umn extraction, H-PZ) as described above. The tissue
harvested for each test group was taken from different
levels of the same region on the slide to minimize vari-
ation in cellular density.
The Pinpoint reagent was effective at obtaining the tis-

sue from the slide. Figure 1A and B showed pre- and
post-harvest of a 1 mm2 nest of adenocarcinoma cells
from a Pinpoint-treated section. Figure 1C was an ex-
ample of clusters of adenocarcinoma cells in a mucin
pool with Pinpoint solution applied; and Figure 1D was
the same specimen as 1C after removal of the tissue.

http://www.zymoresearch.com/dna-purification/genomic-dna/solid-ffpe-tissue-dna/pinpoint-slide-dna-isolation-system
http://www.zymoresearch.com/dna-purification/genomic-dna/solid-ffpe-tissue-dna/pinpoint-slide-dna-isolation-system
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The quantity and quality of gDNA isolated from these
methods were compared via NanoDrop spectrophotom-
eter. The DNA yield on average from the Pinpoint
matrix capture with Qiagen column purification (H-PQ;
505.0 ng/mm2) was not statistically different from that
of the standard protocol (U-SQ, 555.0 ng/mm2) (Table 1).
A paired student’s t-test showed a p value of .31 which
provided evidence that the use of H&E staining and the
Pinpoint matrix capture did not significantly decrease
the yield of gDNA relative to the standard method. Sub-
sequently, we compared the performance of the two
DNA extraction columns using the H&E stained slides
and Pinpoint matrix captured tissues. The yield from the
Pinpoint harvest with QIAamp extraction column (H-
PQ; 505.5 ng/ mm2) was 4.6-fold higher than that of the
Zymo column (H-PZ; 109 ng/mm2) and the difference was
statistically significant (paired student’s t-test, p = .0005)
(Table 1). DNA quality assessed by the NanoDrop spectro-
photometer (A260/A280 ratio) demonstrated similar purity
between the two different methods (Table 1). Longer pro-
teinase K digestion (24-hour versus 4-hour) had no signifi-
cant effect on the DNA yield (student’s t-test on the means
of the DNA yield, p = 1.0). Based on the findings, H and E
stain with Pinpoint matrix capture and Qiagen column
purification (H-PQ) is the optimal method for tissue har-
vesting and DNA extraction.
We routinely cut 10 sections and the number of squares

(1 mm2 in size) was recorded and the DNA yield was
expressed as ng per mm2. Using the optimized protocol
(H-PQ), we also evaluated DNA yield from a 1 mm2

square from a single section. When the percentage of
cells in the area was close to 100%, the average DNA
yield was 430 ng/mm2.
Assessment of DNA amplification and mutation detection
Molecular oncology assays have varying limits of detec-
tion and sensitivity to contaminating substances. The
Morikawa group [19] demonstrated that DNA obtained
from H&E stained tissue did not interfere with multiple
subsequent molecular testing. We assessed the ability to
Table 1 Comparison of different tissue harvesting and
extraction methods

Stain-Harvest/Column Average DNA
yield (ng/mm2)

260 nm/280 nm

U-SQ 555.0 1.92

H-PQ 505.0 1.84

H-PZ 109.0* 1.89

The samples were divided into three test groups: U-SQ: unstained slides were
scraped using a razor blade and gDNA was isolated by the Qiagen FFPE
column; H-PQ: Pinpoint solution was applied to H&E stained slides, followed
by extraction using the Qiagen column or Zymo column (H-PZ). See Methods
for details. *Statistically significant lower yield (p = .0005).
amplify DNA obtained from all three methods for micro-
satellite instability allelic discrimination and variant detec-
tion using the more sensitive primer extension assay and
the less sensitive Sanger cycle sequencing. Although these
methods are not quantitative, they do provide a relative
assessment of mutation sequence representation within
the sample.
DNAs obtained from the H&E stained slides followed

by the Pinpoint matrix capture and QIAamp column
purification were used to perform various molecular on-
cology assays. Multiplex primer extension assays were
performed to detect the BRAF c.1799 T > A (p.V600E)
mutation in melanomas (n = 7), colorectal carcinomas
(n = 2), papillary thyroid carcinoma (n = 1) and a case of
Langerhans histiocytosis. Mutations in KRAS codons 12,
13 and 61 were tested similarly (n = 19) (representative
specimen size and microdissection shown in Figure 1A
and B). Figure 2 showed a BRAF c.1799 T > A, p.V600E
mutation in a case of malignant melanoma. The mutant
peak (green peak) was about 45% of the wild-type peak,
which was similar to the result using DNA extracted by
the previous U-SQ method (data not shown). Figure 3
showed a KRAS c.34G > T, p.G12D mutation detected in
a metastatic colon cancer by primer extension assay using
DNA extracted by the new method (H-PQ) (Figure 3A)
and the previous method using unstained slides (U-SQ)
(Figure 3B).
Sanger cycle sequencing, which was the least sensitive

assay, was performed on 23 cases of lung adenocarcinomas.
The electrophoretograms in Figure 4 showed successful de-
tection of a 15-bp deletion in exon 19 (c.2236_2250del15,
p.Glu764_Ala750del) (Figure 4A) and a heterozygous silent
mutation in exon 20 (c.2361G >A, p.Q787Q) (Figure 4B).
As a proof of concept, MSI testing was performed on

a mucinous adenocarcinoma of the colon using the five-
marker panel (D2S123, D5S346, D17S 250, BAT25 and
BAT26) recommended by the National Cancer Institute.
The amplification products were assessed by capillary
electrophoresis (Figure 5). Comparable ratio of tumor
and normal peak height was observed with DNA ob-
tained by the new method (H-PQ) and the standard
method (U-SQ).

Discussion
FFPE tissue is the most commonly used source for mo-
lecular oncology tests [20]. Obtaining gDNA of sufficient
quality and quantity from FFPE tissue is a critical step in
ensuring reliable test results. This process involves
selecting the right tissue block, marking area(s) with the
highest tumor content and least contaminating materials
by a pathologist, and microdissection of the marked area
to enrich tumor content. There are multiple methods
available for gDNA extraction from FFPE tissues from
the traditional phenol-chloroform extraction [21-23] to



Figure 2 Primer extension assay for BRAF V600 mutation
analysis. The primer extension assay was performed on a specimen
that was shown to be positive for BRAF V600E mutation previously.
A c.1799 T > A, p.V600E mutation was successfully identified using
DNA extracted by the new method (Pinpoint solution was applied
to H&E stained slides, followed by extraction using the Qiagen
column, H-PQ). Red peak is the wild-type (nucleotide T) and green
peak indicated by the arrow is the mutant peak (nucleotide A).
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column purifications using either filter or silica-based
matrix [24-26]. Extraction of DNA from cellular tumors
with a solid growth pattern and little contaminating, non-
neoplastic tissue is relatively easy, as with gastrointestinal
stromal tumors for identification of the KIT mutations. In
contrast, increasing numbers of tests are requested on
small biopsies which usually contain small nests of tumor
cells surrounded by non-tumor tissue creating a challenge
in obtaining adequate material. Identifying small areas
with tumor on unstained slides adds a layer of uncertainty
to the process.
Traditionally, most clinical laboratories use unstained

slides for DNA extraction and H&E stained slides only as
a reference. Morikawa’s group [19] improved the specimen
processing significantly by assessing the DNA quality and
assay performance of over 1000 H&E stained FFPE cases.
They showed that H&E stain had no effect on DNA ex-
traction. Based on their findings, in this study, we H&E
stained all the sections in the experimental groups. Each
section was examined by a pathologist and the areas with
tumor were circled on the back of the slides.
H&E stain allowed us to visualize the presence of tumor

cells on the slides during microdissection and reduce the
risk of false negative results. In a significant portion of the
cases, changes in tumor location and/or content were ob-
served (data not shown). In fact, some laboratories rou-
tinely stain the first and last sections of the tissue block in
order to minimize the false negative result. A drawback
for H&E stained sections is the tissue tends to flake off in
a dry powder while scraping. We therefore explored the
Pinpoint matrix capture solution (Zymo Research Corp)
for tissue harvest. The Pinpoint solution kept the cells to-
gether and allowed easy harvesting of minute tumor clus-
ters surrounded by non-neoplastic cells. It also minimized
potential contamination from tissue flakes in the work
area and loss of valuable tumor tissue.
The advance in high throughput technology such as

massively parallel sequencing [27-29] and the multi-
plexed genotyping method developed by Sequenom
(Sequenom Inc., San Diego, CA) [30,31] allows multiple
tests to be run at the same time with much less input
DNA. DNAs obtained by our new extraction method
worked well on the Ion Torrent AmpliSeq™ Cancer Hot-
spot Panel v2 (Life Technologies, Carlsbad, CA, data not
shown). Both NGS and the Sequenom platforms require
extensive test validation, strong bioinformatic support
and a reasonable test volume to bring them on board. In
small and medium sized clinical laboratories, Sanger se-
quencing and other low-throughput methods, which re-
quires more input DNA, are still and will be used for
oncology testing for a period of time. Our newly devel-
oped DNA extraction method allows us to obtain suffi-
cient DNA from minute foci of tumor (1-2 mm2).
Test performance with DNA isolated with the new

method was evaluated. Equivalent performance was ob-
served on all assays tested in comparison with using DNA
extracted by the standard method in the laboratory. Aber-
rations detected included BRAF V600E mutation in
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Figure 3 Primer extension assay for KRAS codons 12, 13, and 61 mutation analysis. DNA obtained from the new extraction method
(Pinpoint solution was applied to H&E stained slides, followed by extraction using the Qiagen column, H-PQ) was used in a multiplex primer
extension assay for detecting codons 12, 13, and 61 mutations (representative specimen size and microdissection shown in Figure 1A and B).
A. KRAS c.34G > T, p.G12D mutation was identified in a case of colon cancer using DNA extracted by the new method (H-PQ). B. DNA extracted
using the traditional extraction method (U-SQ) from the same specimen. Black peak is the wild type (nucleotide C) and the green mutant peak
(nucleotide T) is indicated by the arrows. An antisense probe was used in this test.
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melanomas, colon cancer and histiocytosis by primer ex-
tension assay, deletion and SNP in the EGFR gene from
lung adenocarcinomas by Sanger cycle sequencing,
G12D mutation in the KRAS gene from a metastatic
colon cancer using primer extension assay, and a multi-
plex PCR-based assay for microsatellite instability test
from a colon biopsy with clusters of signet ring cells in a
pool of mucin. The new method also yield good quality
DNA based on the finding that the test performance
was not affected.
An additional advantage of the new method is the re-

duced cost. The Leica machine used in our histology la-
boratory can automatically deparaffinize the slides without
changing the frequency of reagent replenishment. The
savings came from eliminating the need for buying xy-
lene, ethanol, centrifuge tubes, and 1 ml pipet tips
which were all needed for the manual deparaffinization
procedure.
Conclusion
We developed a simple and cost-effective method for
gDNA extraction from minute FFPE tissue. The com-
bination of H&E stain with matrix capture method and
the QIAamp column yielded an equivalent quantity of
DNA as our standard extraction method without com-
promising the qualitative test results. This method also
reduced the cost, blended into our work flow nicely and



Figure 4 Sanger cycle sequencing for EGFR mutation analysis. Sanger cycle sequencing for EGFR exons 18-21 was performed on DNA
obtained with the new extraction method (H-PQ, see Methods for details). A: Electrophoretograms showing a 15-bp deletion in exon 19
(c.2236_ 2250del15, p.Glu764_Ala750del) of the EGFR gene. Arrows marked the starting and ending positions of the deletion. B: A heterozygous
silent mutation in exon 20 (c.2361G > A, p.Q787Q).
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required no additional equipment. It is a practical
method for obtaining high quality and quantity DNA
from small, challenging specimens for molecular onco-
logic testing in the clinical laboratories.
Methods
This is a retrospective study based on data from clinical test
development. The study was approved by the Institutional
Review Board of University of Iowa.
Case selection
Cases included in this study were selected from de-
identified FFPE tissues that have been previously tested
in the Molecular Pathology Laboratory at our institution
since October, 2012. Special attention was paid to select
cases that represented the spectrum of tissue and assays
used for oncology testing. Among them, there were 19
cases of colorectal carcinomas for KRAS testing, 23
cases of lung adenocarcinomas for EGFR exons 18-21
mutational analysis, 9 cases for BRAF V600E testing (5
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Figure 5 Microsatellite instability testing (MSI) for colorectal mucinous adenocarcinoma. MSI testing was performed using the 5-marker
panel recommended by the National Cancer Institute. The laboratory routinely used 500 ng gDNA for this test. Similar peak height was obtained
with 10-fold less DNA isolated by the newly developed extraction method (Figure 5). A: normal tissue; B: using tumor DNA extracted by the
traditional method (U-SQ); C: using tumor DNA extracted by the new method (H-PQ).

Snow et al. BMC Clinical Pathology 2014, 14:30 Page 7 of 10
http://www.biomedcentral.com/1472-6890/14/30
melanomas, 2 colon carcinomas, 1 papillary thyroid car-
cinoma and 1 Langerhans histiocytosis), and 1 case of
colorectal carcinoma with matched normal tissue for
microsatellite instability analysis.
Laboratory standard protocol for isolation of genomic
DNA from FFPE tissue
All cases were reviewed by a pathologist and the optimal
block was selected for molecular testing. One H&E stained
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slide along with 10 unstained sections (6 microns in thick-
ness) were cut. Areas of interest were circled on the H&E
slide by a pathologist and corresponding areas from the
unstained slides were manually microdissected using a
razor blade. The paraffin flakes were placed in a 1.5 ml
microcentrifuge tube, deparaffinized with 1200 μL of xy-
lene, vortexed, and centrifuged at 16,000 g × 5 min. The
tissue pellet was washed with 95% ethanol twice before
proceeding with the extraction. Genomic DNA was iso-
lated from the microdissected FFPE sections using the
QIAamp DNA FFPE Tissue kit (Qiagen) which will be
referred to as U-SQ (Unstained slides, Scraped harvest
method, Qiagen extraction column). The deparaffinized
tissue was resuspended in 180 μl of Buffer ATL,
followed by 50 μl of Proteinase K (600 mAU/ML) diges-
tion at 56°C overnight till the specimen was completely
lysed. The lysate was incubated at 90°C for one hour to
partially reverse the formaldehyde modification of nu-
cleic acids. After briefly centrifugation of the tube to re-
move drops from the inside of the lid, 200 μl of Buffer
AL was added, and the mixture was vortexed for 15 sec-
onds. 200 μl of ethanol (96-100%) was added and mixed
by vertexing for 15 seconds. The mixture was incubated
for 5 min at room temperature, briefly centrifuged and
the entire lysate was transferred to the QIAamp MinE-
lute column. DNA was extracted according to the man-
ufacturer’s instruction included in the kit.

Matrix-capture protocol
One H&E slide with cover-slip and 10 unstained sections
were obtained as described above. The unstained slides
were deparaffinized and H&E stained in our histology la-
boratory using a standard protocol on the Leica ST5020.
This automated instrument submerges the slides through
three changes of xylene followed by a gradient of washes
with 100% ethanol, 95% ethanol, 70% ethanol, and water.
After deparaffinization, the slides were processed through
the H&E staining wells. No coverslip was placed. The
underside of the uncover-slipped slides was marked by a
pathologist and the pinpoint matrix capture solution
(Zymo Research Corp) was applied to the slide and
allowed to air dry. Tissue bound to the dried solution was
removed from the slide using a razor blade (Figure 1).
After proteinase K digestion at 55°C for 24 hours, the
sample was divided into two aliquots for genomic DNA
isolation either by the QIAamp DNA FFPE Tissue kit
(Qiagen) as described earlier or the Pinpoint Slide DNA
Isolation kit (Zymo Research Corp). Genomic DNA ex-
traction using the Zymo kit was performed as follows:
50 μl of Extraction Buffer and 5 μl Proteinase K were
added to the tube of recovered tissue. The tube was incu-
bated at 55°C overnight, followed by heat-inactivation at
98°C for 10 minutes. The tube was placed immediately on
ice, vortexed vigorously for 15 seconds and centrifuged at
16,000 g × 5 min. The supernatant was transferred to a
clean tube. The DNA concentration was measured by
the NanoDrop spectrophotometer (NanoDrop, Westlake
Village, CA) and the quality of gDNA was assessed by the
ratio of absorbance at 260 nm and 280 nm. These two
methods were designated as H-PZ for H&E stained slides,
Pinpoint matrix capture and Zymo Slide DNA Isolation
kit and H-PQ for H&E stained slides, Pinpoint matrix
capture with the Qiagen QIAamp DNA FFPE column
purification.

Comparison of tissue harvest and DNA extraction
methods
The specimens were divided into three groups. The first
group used the standard method in the laboratory (U-SQ).
In this method, unstained FFPE tissue was scraped with a
razor blade followed by extraction with the QIAamp kit as
described above. The second and third groups employed
deparaffinization and H&E staining of the slides followed
by tissue harvest using the Pinpoint reagent. The speci-
men was then divided into two parts for extraction of
gDNA, one half with the Qiagen kit (Pinpoint harvest with
QIAamp column extraction, H-PQ) and the other half
with the Zymo kit (Pinpoint harvest with Zymo column
extraction, H-PZ) as described above. The tissue harvested
for each test group was taken from different levels of the
same region on the slide to minimize variation in cellular
density.

Molecular tests performed
BRAF codon V600 mutation analysis by primer extension
assay
BRAF exon 15 was PCR amplified using primers 5′-GA
TCCCTTTACTTACTACACCTCAG-3′ and 5′-GATCG-
TAACTCAGCAGCATCTC-3′. Mutations in codon V600
were examined by single nucleotide primer extension
assay using the Snapshot Multiplex kit (Applied Biosys-
tems, Foster City, CA). The V600 codon was interro-
gated with a sense probe consisting of deoxy-thymidine
monophosphate homopolymers of varied sizes for dis-
crimination of different mutation products [32] (See ref-
erence [32] for probe sequences). After amplification,
the product was subjected to probe annealing and
addition of a single, fluorescently labeled dideoxynu-
cleotide. The primer extension products were analyzed
by capillary electrophoresis.

KRAS codon 12, 13, and 61 mutation analysis by primer
extension assay
This assay was performed with a similar procedure to that
described for the BRAF V600 primer extension assay
above. In this assay, exons 2 and 3 of the KRAS gene
were amplified using specific primers in a multiplex
reaction (see reference 32 for primer sequences). The
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primer extension probes were designed with varying
lengths of deoxythymidine monophosphate homopolymers
ranging from 30 to 76 bases to allow for discrimination of
the products by size. The sense probes were designed to
end one base 5′ of the following positions: c.35, c.38, and
c.182. The antisense probes were designed to end one base
5′ of the following positions: c.34, c.37, c.57, c.181, and
c.183. These probes allowed for the detection of common
variants present in codons 12, 13, and 61 of the KRAS
gene.

EGFR mutation analysis by Sanger sequencing
Exons 18-21 of the EGFR gene were PCR amplified using
primers designed to produce one amplicon per exon. Pri-
mer sequences were: 5′-TCTGGCACTGCTTTCCAGC-
3′ and 5′-TCCCAAACACTCAGTGAAACAAA-3′ for
exon 18; 5′-ACCCAG ATC ACTGGGCAGC-3′ and 5′-
AGCAGCTGCCAGACATGAG-3′ for exon 19; 5′-CTG
GCCACCATGCGAAGCC-3′ and 5′-ATCCTGGCTCCT
TATCTCC-3′ for exon 20; and 5′-CCCATGATGATC
TGTCCCT-3′ and 5′-TGGTCCCTGGTGTCAGGAA-3′
for exon 21. 25 to 150 ng of gDNA was used as the
starting material in each amplification reaction. The
PCR thermocycling conditions were as follows: 94°C for
2 minutes, followed by 30 cycles of 94°C for 15 seconds,
58°C for 30 seconds, and 72°C for 30 seconds. The amp-
lification products were purified using the Qiagen QIA-
quick PCR purification kit (Qiagen). Cycle sequencing
was performed using the ABI Big Dye Terminator Mix,
version 3.1 and the products were separated by capillary
electrophoresis on an ABI 3130 Genetic Analyzer (Ap-
plied Biosystems).

Microsatellite instability testing by PCR followed by
capillary electrophoresis
The National Cancer Institute (NCI) recommended five-
marker panel (two mononucleotide markers, BAT25 and
BAT26 and three dinucleotide markers, D2S123, D5S346
and D17S250) were used for microsatellite instability test-
ing in two multiplexed reactions with fluorescently labeled
primers. Genomic DNA extracted from tumor and paired
normal tissue from the same patient was used. The ampli-
cons were then analyzed using capillary electrophoresis.

Comparison of 4-hour versus overnight proteinase K
digestion
Three samples with uniform cellularity were selected.
Ten slides were prepared by deparaffinization and H&E
staining without placement of coverslips. Areas with the
greatest cellular uniformity were marked by a pathologist
using a 2 mm × 2 mm template. The pinpoint reagent
was applied and the dried matrix was removed as de-
scribed above. The matrix pellet was digested with pro-
teinase K at 55°C for 4 hours and then divided into two
aliquots: one was extracted immediately using the
QIAamp FFPE kit (Qiagen); the other one was subjected
to continued proteinase K digestion overnight and DNA
was extracted using the same column type the next day.
Optical densitometry was performed after extraction
and the mean concentration values were compared
statistically.

Statistical analysis
Statistical analysis was performed using the paired two-
sample student’s t-test. A significant difference is defined
as p value less than .05.
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Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
ANS was involved in data analysis and interpretation, and drafting the
manuscript. AAS carried out the molecular oncology studies and data
analysis. JP helped AAS with designing and optimizing the tests. ADB
helped with trouble-shooting and editing the manuscript. DM designed the
study, participated in data analysis, interpretation, drafted and finalized the
manuscripts. All authors agree to be accountable for all aspects of the work.
All authors read and approved the final manuscript.

Acknowledgments
The authors thank Jason Hackman, CLS, Matthew Zubcic, CLS, and Sue
Forde, CLS at the Molecular Genetic Pathology Laboratory and Melissa Jans,
CLS at the Histology Laboratory at University of Iowa Hospitals and Clinics
for their technical support.

Author details
1Department of Pathology, Brown University, Rhode Island Hospital,
Providence, Rhode Island 02806, USA. 2Department of Pathology, University
of Iowa Hospitals and Clinics, 200 Hawkins Drive, BT6008GH, Iowa City, IA
52242, USA.

Received: 12 March 2014 Accepted: 1 July 2014
Published: 7 July 2014

References
1. Ausch C, Buxhofer-Ausch V, Oberkanins C, Holzer B, Minai-Pour M, Jahn S,

Dandachi N, Zeillinger R, Kriegshauser G: Sensitive detection of KRAS
mutations in archived formalin-fixed paraffin-embedded tissue using
mutant-enriched PCR and reverse-hybridization. J Mol Diagn 2009,
11(6):508–513.

2. Lewis FD, Letsinger RL, Wasielewski MR: Dynamics of photoinduced
charge transfer and hole transport in synthetic DNA hairpins. Acc Chem
Res 2001, 34(2):159–170.

3. Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto RA, Brannigan
BW, Harris PL, Haserlat SM, Supko JG, Haluska FG, Louis DN, Christiani DC,
Settleman J, Haber DA: Activating mutations in the epidermal growth
factor receptor underlying responsiveness of non-small-cell lung cancer
to gefitinib. N Engl J Med 2004, 350(21):2129–2139.

4. Heinrich MC, Corless CL, Demetri GD, Blanke CD, von Mehren M, Joensuu H,
McGreevey LS, Chen CJ, Van den Abbeele AD, Druker BJ, Kiese B, Eisenberg
B, Roberts PJ, Singer S, Fletcher CD, Silberman S, Dimitrijevic S, Fletcher JA:
Kinase mutations and imatinib response in patients with metastatic
gastrointestinal stromal tumor. J Clin Oncol 2003, 21(23):4342–4349.

5. Kong Y, Si L, Zhu Y, Xu X, Corless CL, Flaherty KT, Li L, Li H, Sheng X, Cui C,
Chi Z, Li S, Han M, Mao L, Lu A, Guo J: Large-scale analysis of KIT



Snow et al. BMC Clinical Pathology 2014, 14:30 Page 10 of 10
http://www.biomedcentral.com/1472-6890/14/30
aberrations in Chinese patients with melanoma. Clin Cancer Res 2011,
17(7):1684–1691.

6. Ogino S, Nosho K, Kirkner GJ, Shima K, Irahara N, Kure S, Chan AT, Engelman
JA, Kraft P, Cantley LC, Giovannucci EL, Fuchs CS: PIK3CA mutation is
associated with poor prognosis among patients with curatively resected
colon cancer. J Clin Oncol 2009, 27(9):1477–1484.

7. Hofman V, Ilie M, Gavric-Tanga V, Lespinet V, Mari M, Lassalle S, Butori C,
Coelle C, Bordone O, Selva E, Lamy A, Sabourin JC, Hofman P: Role of the
surgical pathology laboratory in the pre-analytical approach of molecular
biology techniques. Ann Pathol 2010, 30(2):85–93.

8. Bartley AN, Yao H, Barkoh BA, Ivan C, Mishra BM, Rashid A, Calin GA,
Luthra R, Hamilton SR: Complex patterns of altered MicroRNA expression
during the adenoma-adenocarcinoma sequence for microsatellite-stable
colorectal cancer. Clin Cancer Res 2011, 17(23):7283–7293.

9. Ida CM, Lambert SR, Rodriguez FJ, Voss JS, Mc Cann BE, Seys AR, Halling KC,
Collins VP, Giannini C: BRAF alterations are frequent in cerebellar low-grade
astrocytomas with diffuse growth pattern. J Neuropathol Exp Neurol 2012,
71(7):631–639.

10. Sarafan-Vasseur N, Sefrioui D, Tougeron D, Lamy A, Blanchard F, Le Pessot F,
Di Fiore F, Michel P, Bezieau S, Latouche JB, Frebourg T, Sesboue R: Genetic
variations of the A13/A14 repeat located within the EGFR 3′ untranslated
region have no oncogenic effect in patients with colorectal cancer.
BMC Cancer 2013, 13:183.

11. Hu W, Siegfried EC, Siegel DM: Product-related emphasis of skin disease
information online. Arch Dermatol 2002, 138(6):775–780.

12. Ohyama H, Mahadevappa M, Luukkaa H, Todd R, Warrington JA, Wong DT:
Use of laser capture microdissection-generated targets for hybridization
of high-density oligonucleotide arrays. Methods Enzymol 2002,
356:323–333.

13. Todd R, Lingen MW, Kuo WP: Gene expression profiling using laser
capture microdissection. Expert Rev Mol Diagn 2002, 2(5):497–507.

14. Murase T, Inagaki H, Eimoto T: Influence of histochemical and
immunohistochemical stains on polymerase chain reaction. Mod Pathol
2000, 13(2):147–151.

15. Diss TC, Pan L, Peng H, Wotherspoon AC, Isaacson PG: Sources of DNA
for detecting B cell monoclonality using PCR. J Clin Pathol 1994,
47(6):493–496.

16. Burton MP, Schneider BG, Brown R, Escamilla-Ponce N, Gulley ML:
Comparison of histologic stains for use in PCR analysis of microdissected,
paraffin-embedded tissues. BioTechniques 1998, 24(1):86–92.

17. de Lang A, Wilander E: Sensitivity of HPV tests on stained vs. unstained
cervical smears. Acta Cytol 2005, 49(6):595–599.

18. Medintz I, Levine L, McCurdy L, Chiriboga L, Kingston C, Crim D, Desnick RJ,
Eng CM, Kobilinsky L: HLA-DQA1 and polymarker allele frequencies in
two New York City Jewish populations. J Forensic Sci 1997, 42(5):919–922.

19. Morikawa T, Shima K, Kuchiba A, Yamauchi M, Tanaka N, Imamura Y, Liao X,
Qian ZR, Brahmandam M, Longtine JA, Lindeman NI, Fuchs CS, Ogino S:
No evidence for interference of h&e staining in DNA testing: usefulness
of DNA extraction from H&E-stained archival tissue sections. Am J Clin
Pathol 2012, 138(1):122–129.

20. Lewis F, Maughan NJ, Smith V, Hillan K, Quirke P: Unlocking the archive–
gene expression in paraffin-embedded tissue. J Pathol 2001, 195(1):66–71.

21. Dedhia P, Tarale S, Dhongde G, Khadapkar R, Das B: Evaluation of DNA
extraction methods and real time PCR optimization on formalin-fixed
paraffin-embedded tissues. Asian Pac J Cancer Prev 2007, 8(1):55–59.

22. Pikor LA, Enfield KS, Cameron H, Lam WL: DNA extraction from paraffin
embedded material for genetic and epigenetic analyses. J Vis Exp 2011,
49:2763.

23. Diaz-Cano SJ, Brady SP: DNA extraction from formalin-fixed, paraffin-
embedded tissues: protein digestion as a limiting step for retrieval of
high-quality DNA. Diagn Mol Pathol 1997, 6(6):342–346.

24. Okello JB, Zurek J, Devault AM, Kuch M, Okwi AL, Sewankambo NK,
Bimenya GS, Poinar D, Poinar HN: Comparison of methods in the recovery
of nucleic acids from archival formalin-fixed paraffin-embedded autopsy
tissues. Anal Biochem 2010, 400(1):110–117.

25. Turashvili G, Yang W, McKinney S, Kalloger S, Gale N, Ng Y, Chow K, Bell L,
Lorette J, Carrier M, Luk M, Aparicio S, Huntsman D, Yip S: Nucleic acid
quantity and quality from paraffin blocks: defining optimal fixation,
processing and DNA/RNA extraction techniques. Exp Mol Pathol 2012,
92(1):33–43.
26. Liu X, Harada S: DNA Isolation from Mammalian Samples. In Current
Protocols in Molecular Biology Volume Chapter 2. 2013th edition; 2013:
Unit 2.14.

27. Geurts-Giele WR, der Velden AW D-v, Bartalits NM, Verhoog LC, Hanselaar
WE, Dinjens WN: Molecular diagnostics of a single multifocal non-small
cell lung cancer case using targeted next generation sequencing.
Virchows Arch 2013, 462(2):249–254.

28. Mardis ER: Next-generation sequencing platforms. Annu Rev Anal Chem
(Palo Alto Calif ) 2013, 6:287–303.

29. Korbel JO, Urban AE, Affourtit JP, Godwin B, Grubert F, Simons JF, Kim PM,
Palejev D, Carriero NJ, Du L, Taillon BE, Chen Z, Tanzer A, Saunders AC, Chi
J, Yang F, Carter NP, Hurles ME, Weissman SM, Harkins TT, Gerstein MB,
Egholm M, Snyder M: Paired-end mapping reveals extensive structural
variation in the human genome. Science 2007, 318(5849):420–426.

30. Konoplev S, Yin CC, Kornblau SM, Kantarjian HM, Konopleva M,
Andreeff M, Lu G, Zuo Z, Luthra R, Medeiros LJ, Bueso-Ramos CE: Molecular
characterization of de novo Philadelphia chromosome-positive acute
myeloid leukemia. Leuk Lymphoma 2013, 54(1):138–144.

31. Cho S, Kim MJ, Choi YY, Yoo SS, Lee WK, Lee EJ, Jang EJ, Bae EY, Jin G,
Jeon HS, Lee SY, Cha SI, Park TI, Kim CH, Park JY: Associations between
polymorphisms in DNA repair genes and TP53 mutations in non-small
cell lung cancer. Lung Cancer 2011, 73(1):25–31.

32. Lurkin I, Stoehr R, Hurst CD, van Tilborg AA, Knowles MA, Hartmann A,
Zwarthoff EC: Two multiplex assays that simultaneously identify 22
possible mutation sites in the KRAS, BRAF, NRAS and PIK3CA genes.
PloS One 2010, 5(1):e8802.

doi:10.1186/1472-6890-14-30
Cite this article as: Snow et al.: A simple and cost-effective method of
DNA extraction from small formalin-fixed paraffin-embedded tissue for
molecular oncologic testing. BMC Clinical Pathology 2014 14:30.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Results
	Comparison of tissue harvest and DNA extraction methods
	Assessment of DNA amplification and mutation detection

	Discussion
	Conclusion
	Methods
	Case selection
	Laboratory standard protocol for isolation of genomic DNA from FFPE tissue
	Matrix-capture protocol
	Comparison of tissue harvest and DNA extraction methods
	Molecular tests performed
	BRAF codon V600 mutation analysis by primer extension assay
	KRAS codon 12, 13, and 61 mutation analysis by primer extension assay
	EGFR mutation analysis by Sanger sequencing

	Microsatellite instability testing by PCR followed by capillary electrophoresis
	Comparison of 4-hour versus overnight proteinase K digestion
	Statistical analysis
	Abbreviations

	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


