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BACKGROUND
Nucleic acid isolation from formalin-fixed, paraffin.embedded tissue (FFPET) ( Deleted:
Deleted:
samples is a daily routine in molecular pathology laboratories, but extraction from (
FFPET, is not always easily achieved, Choosing the right extraction technique is key Ebe"""d formalin-fixed paraffin-embedded tissues (
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DNA isolation was performed on 46 randomly selected FFPE colorectal
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adenocarcinoma, (CRC) surgical specimens. Four commercially available extraction (Deleted: s
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kits were used: two for manual DNA extraction (the PureLink Genomic DNA Mjni [ S
N [l‘ leted: , which were randomly selected.
Kjit from Invitrogen and the High Pure FFPE DNA Isolation Kjt from Roche) and two | Deleted: commerciallyly

for automated DNA extraction (the iPrep Genomic DNA Kijt from Invitrogen and the

MagnaPure LC DNA Isolation Kjt from Roche). The DNA concentration and quality
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(odds ratio) among the four systems were compared. The results were correlated with

the clinicopathological aspects of CRC cases: age, gender, localization, macro- and k

microscopic features, lymph node metastases and the lymph node ratio.

RESULTS

The highest DNA concentration was obtained using the manual kits: 157.24 * 62.99«

ng/pL for the PureLink Genomic DNA Mjni Kjt and 86.64 ng/uL + 43.84 for the High
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Pure FFPE DNA Isolation Kjt (p<0.0001). Lower concentrations were obtained with Ddeted:f
automated systems: 20.39 +21.19 ng/uL for the MagnaPure LC DNA Jsolation Kjtand (b i
8.722 + 6.408 ng/pL for the iPrep Genomic DNA Kijt, with differences between the BN {z::::::?
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was influenced by the macroscopic features and grade of differentiation. A higher

DNA concentration was obtained for well-differentiated polypoid CRCs, compared
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with undifferentiated ulcero-infiltrative carcinomas, irrespective of the kit used,
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CONCLUSIONS

For research or diagnosis that needs high DNA concentrations, manual methods of
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DNA isolation should be used. A higher amount of DNA can be obtained from

polypoid-type differentiated CRCs. Automated systems confer comfort and a lower

amount of DNA that is, however, sufficient for classic PCR and qPCR molecular

examinations. All four commercially available kits can be successfully used in daily

practice,,
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correlation between DNA concentration and CRC features. We conclude that manual
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methods are more suitable for obtaining high DNA concentrations, especially from

differentiated polypoid-type CRCs. In CRC samples, a higher DNA concentration is

associated with a lower OD value.
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INTRODUCTION
Friedrich Miescher performed the first isolation of DNA in 1868/1869(1l. In 1988,
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Miller et al. described the simple salting-out procedure of DNA extraction from
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the salting-out procedure was as good as the classic method using chloroform. In 1991, ( Deleted:

Lahiri et al. demonstrated that the salting-out procedure is even better for RFLP
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(restriction fragment length polymorphism)Bl. Regarding the type of preserved tissue,

although fresh tissues are preferred, Goelz et al. demonstrated jn 1985 that DNA can
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The aim of this paper was to compare the advantages and disadvantages of four DNA
extraction kits used in daily practice for DNA isolation from FFPE colorectal

adenocarcinoma (CRC) surgical specimens: two manual and two automated magnetic
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Tissue preparation
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Forty-six consecutive cases of CRC, were randomly selected for DNA isolation, with (Deleted: s
the approval of the Ethical Committee of Clinical County Emergency Hospital and the
University of Medicine, Pharmacy, Science and Technology of Tirgu Mures, Romania.
No preoperative chemo- or radiotherapy was administered jn any of the examined ( Deleted: done
cases. The used paraffin blocks from CRC surgical specimens were archived at the (Deleted:,
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Department of Pathology of Clinical County Emergency Hospital of Tirgu Mures,
Romania, during the period 2010-2015, [Deleted: in
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performed, to mark the most appropriate area. The selection of the tumor area was [Deleted:,
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based on the presence of tumor cells in over 80% of the marked tissue, without ( Deleted: 5
necroses, hemorrhages, inflammatory or highly fibrotic stroma. After macrodissection
of the tumor, 3x5 um sections were created and inserted into 1.5 ml, Eppendorf ( Deleted: performed
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SafeLock tubes (Eppendorf, Hamburg, Germany).
DNA isolation with manual systems
For manual DNA isolation, two commercially available kits were used: the PureLink
Genomic DNA Mjni Kjt from Invitrogen Carlsbad, CA 92008, USA and the High Pure ( Deleted: m
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FFPE DNA [solation Kjt from Roche GmbH, Mannheim, Germany. For each of the 46 ( Deleted:,
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included cases, two manual isolations per case were_performed according to the {r leted: k
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manufacturers’ protocols (Table 1). ) [Demed:
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Invitrogen kits were tested at the Pathology Department of Mures County Hospital,
while Roche kits were tested at the Molecular Pathology Laboratory of the National
Institute of Oncology, Budapest. The same team performed all isolations. [Deleted= did




The manual methods (for both kits) were performed on an anion-exchange resin. It is
a macroporous silica-based resin with a high density of diethylaminoethyl (DEAE)
groups. The purification is based on the interaction between the negatively charged
phosphates of the nucleic acid backbone and the positively charged DEAE groups on
the surface of the resinll.

DNA isolation with automated methods

For automated DNA isolation, two commercially available automated magnetic bead
kits were used: the iPrep Genomic DNA kit from Invitrogen and the MagnaPure LC

DNA Isolation kit from Roche. Similar to the manual methods, for each of the 46
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included cases, two automated isolations per case were performed according to the
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manufacturers’ protocols, (Table 1).
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Both of the automated purification techniques use magnetic bead isolation principles.
Positively charged magnetic beads can form an ionic bond with the negatively

charged DNA backbone at low pH values. At high pH values, the magnetic beads lose

their charge and DNA binding ability. In deparaffinized tissues, after a standard

automatic tissue lysis step_ which takes 15 minutes, the genomic DNA is isolated in a
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15-minute procedure that involves binding the genomic DNA to the magnetic beads
in a low pH buffer, immobilizing the beads with a magnet, washing and finally,

elution jn a higher pH buffer (Table 1).
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DNA concentration and quality

DNA parameters (concentration and quality) were determined using a, Nanodrop ( Deleted: the
machine (ThermoScientific-USA). Readings were taken at wavelengths of 260 nm and
280 nm. The optical density (OD) ratio (A260/A280) was automatically calculated. (Deleted: 0




As a standard parameter for purity, an OD ratio value of 1.8-2.0 was used. A ratio less ( Deleted: We have used as

than 1.8 indicated protein contamination, while a ratio above 2.0 indicated (Deleted: 5
contamination by chloroform, phenol or other organic compounds, [Deleted: it was about
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Statistical assessment ( Deleted: 1y
Statistical, analysis of the data took jnto account the DNA parameters, which were ( Deleted: Iy
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compared for all four systems_used. They were then correlated with tumor ( Deleted: uscd

localization, macroscopic and microscopic_features, the depth of infiltration, the Deleted:
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classification rulesl8l. Chi-squared and Fisher’s exact tests were used for statistical

used for statistically assessment.

analysis using GraphPad Prism 8.0.1 software. A p value lower than 0.05 with a 95% [Deleted= , using Chi Square test and Fisher's exact test, was

confidence interval was considered statistically significant. \ (De'e‘e‘“ .
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| Deleted: GraphPad Prism 8.0.1 software, using Chi Square
test and Fisher’s exact test, was used for statistically
Munual SyStemS assessment. A p value lower than 0.05, at 95% confidence
interval, was considered statistically significant.

In all 46 cases, after the deparaffinization step with xylene, the time required for [Deleted: of the
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jmanual DNA isolation for both manual kits according to the manufacturers’ protocols ( Deleted: of
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(Table 1) ranged from 60 minutes to over 12 hours when overnight lysis was necessary. : { Deleted:
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This time was respected for the isolation of a few probes (<5). In cases of incomplete ‘{r leted: ,
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lysis, re-centrifugation was conducted and Proteinase K was added. These ( Deleted: done
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supplementary steps prolonged the isolation time jrrespective, of the kit used. _( Deleted: of isolation,
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protocol (Table 1) is the quantity of Proteinase K that should be added to the tissue . [Deleted
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The average DNA concentration isolated with the Invitrogen manual kit was 157.24 +

62.99 ng/uL (37.6-316 ng/pL), while with the Roche kit a lower median value was

obtained (p<0.0001) at 86.64 +43.84 ng/uL (4.2:168.9 ng/uL). In three of the 46 cases,

Deleted: range ...7.6- to ...16 ng/pL), while with the Roche
kit we have obtained ... lower median value was obtained

(p<0.0001) at,...respectively ...6.64 +43.84 ng/uL (range ....2
-to ...68.9 ng/uL). In three of the 46 cases, a higher superior

a_higher DNA concentration was obtained with the Roche _kit, compared with the

Invitrogen manual kit (Table 2).

DNA purity, was adequate_af, 1.8-2.0, without any protein or organic compound,

contamination, irrespective of the method used. Only four out of the 46 cases had an,
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offrom...the used ...ethod used. Only four out of the 46 cases
had showed ...nd...OD ratio lower than 1.8. A significant
difference in the, regarding...OD value,...was found ed,

OD ratio lower than 1.8. A significant difference_in the, OD value was found between

the two manual methods (p=0.019).

In three of the 46 probes (6.46%), the OD ratio was lower than 1.8 using the Roche

manual kit, while using the Invitrogen kit, 16_of the 46 DNA samples (37.78%) had a

Deleted: 3...of the 46 probes (6.46%), the OD ratio was lower
than 1.8,...using the Roche manual kit, while using the
Invitrogen kit, 16 of the /...6 DNA samples (37.78%) had a low
OD value. A higher OD value (>over ....00) was founded...in
29 of the 46 cases, ...using the Roche system,...and in no cases
(...sing the Invitrogen system)

low OD value. A higher OD value (>2.00) was found, in 29 of the 46 cases using the

Roche system and in no cases using the Invitrogen system (Table 3).

Automated methods

For both automated methods, the protocol indicated by Invitrogen and Roche, using

the magnetic beads principle, was similar (Table 1). For one run, the total time was 30

minutes for 12 probes with the jPrep Genomic DNA kit from Invitrogen_and 30

Deleted: using magnetic beads principle, ...he protocol
indicated by Invitrogen and Roche, using the magnetic beads
principle, ...as similar (Table 1). For one run, the total time
was of ...0 minutes for 12 probes with the (...Prep Genomic
DNA kit from Invitrogen)...and 30 minutes for,
respectively...11 probes with the (...agnaPure LC DNA
Isolation KKk...t from Roche)... For each any ...un, one template
control was used,

minutes for, 11 probes with the MagnaPure LC DNA Isolation Kjt from Roche, For

each yun, one template control was used, to check the probes for contamination.

Compared with the manual kits, the DNA concentration_obtained was significantly

lower (p<0.0001),irrespective, of the automatic system used (Figure 1).
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A significantly lower (p<0.0001) DNA concentration (8.72 + 6.4 ng/uL, 0.70-29.80) was
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the automatic, MagnaPure LC DNA Isolation Kjt from Roche (20.39 + 21.19 ng/uL, ally
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Clinicopathological factors and DNA parameters

The comparison between age, gender, tumor localization, the depth of infiltration

(Tables 4-7).

(pT), lymph node status (pN stage) and the lymph node ratio found no statistically ( Deleted:
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significant difference in DNA concentration using any of the nucleic acid isolation kits ( Deleted: of
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DNA concentration was influenced by the macroscopic aspects and grade of
differentiation. A higher_ concentration of DNA was obtained for polypoid_in ( Deleted: amount
comparison to ulcero-infiltrative carcinomas, with both Roche systems (Tables 6 and ( Deleted: , compared with
7) and using the automated system from Invitrogen (Table 5). The manual kit from
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46 cases) a value below 150 ng/ uL, was obtained (Table 4). For this reason, the p value
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was considered to be at the limit of statistical significance. (Deleted: 1y
Regarding the microscopic aspect of CRC, the concentration of nucleic acids was
higher in well-differentiated (G1) carcinomas, compared with G2+G3 cases (Tables 4-
7).
DISCUSSION
In FFPETs, after deparaffinization, the first step in DNA isolation is cell
disruption/lysisBl. After DNA exposure, membrane lipid removal is conducted by (Deleted: s
[Deleted: done
adding detergents, proteins and even proteases (an optional step, but almost always
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FFPE well-differentiated CRCs with a polypoid aspect, irrespective of their
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localization. As ulcero-infiltrative tumors are usually associated with a higher grade

of macroscopic lysis, this parameter can influence DNA parameters.
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Fully automated methods can be used successfully for PCR reactions. Although the ( Deleted: succesfully
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DNA concentration obtained is lower than by manual methods, it is sufficient for PCR. [Deleted: in
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encountered daily in the laboratory. Similar to our_findings, it was previously
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samples is a daily routine in molecular pathology laboratories, but extraction from (eteted: rrr:
FFPET js not always_easily achieved, Choosing the right extraction technique is key ( Deleted: formalin-fixed paraffin-embedded tissues (
" (eleted:)
for further examinations. Several commercial kits are available on the molecular ' {Deleted:
\ [Deleted: easy to be done

biology market, including both jmanual isolation procedures and automated [r leted: the

[Deleted: with
extraction, When choosing the right method for isolation, consideration must be given [r leted: as well
to the aspects of time, precision, downstream applications_and, price. Choosing the ( Deteted: has to be considered

[ Deleted: ,

o WU U )




right technique is key for success in molecular biology, because nucleic acid isolation
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The aim of this paper was to compare the advantages and disadvantages of four DNA

extraction kits used in daily practice for DNA isolation from FFPE colorectal

adenocarcinoma (CRC) surgical specimens: two manual and two automated magnetic

bead kits. A correlation of the results with the clinicopathological features of CRCs [ eteted: ¢
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was also performed,

Research objectives

By comparing the advantages and disadvantages of nucleic acid isolation techniques+—

used in daily routines, precise decisions can be made regarding the most suitable DNA
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extraction approach for molecular applications.

Research methods

DNA was extracted from FFPE-CRCs. The selection of tumor area was based on the<«—
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presence of tumor cells in over 80% of the marked tissue, without necroses,
hemorrhages, inflammatory or highly fibrotic stroma. For manual DNA isolation, two

commercially available kits were used: the PureLink Genomic DNA Mjni Kjt from
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Invitrogen Carlsbad, CA 92008, USA and the High Pure FFPE DNA Isolation Kjt from |
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Roche GmbH, Mannheim, Germany. For automated DNA isolation, two commercially

available automated magnetic bead kits were used: the iPrep Genomic DNA Kjt from
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Invitrogen and_the MagnaPure LC DNA Isolation Kjt from Roche. DNA parameters

[ Deleted: k

(concentration and quality) were determined using a Nanodrop machine
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(ThermoScientific-USA). Readings were taken at wavelengths of 260 nm and 280 nm.

The optical density (OD) ratio (A260/A280) was automatically calculated, before { Deleted: 0
being, correlated with tumor localization, macroscopic and microscopic_features, the —{ Deleted: . They were then
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depth of infiltration, the lymph node ratio,and tumor stage, which were determined =~ { Deleted: aspect
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according to the latest classification rules.
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Research results
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significance.

Research conclusions

polypoid carcinomas.

Research perspectives

DNA concentration was influenced by the macroscopic features and grade of [ Deleted: aspect
differentiation. A higher DNA concentration was obtained for polypoid, compared { Deleted: amount
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with ulcero-infiltrative carcinomas, with both Roche systems and using the automated
system from Invitrogen. The manual kit from Invitrogen allowed good concentrations ( Deleted: us to have
to be extracted, but in half of the cases (23 of 46 cases) a value below 150 ng/uL, was { Deleted:!
obtained. For this reason, the p value was considered to be at the limit of statistical, —{ Deleted: Iy
Manual methods of DNA extraction are more controllable and allow the in-house
adaptation of the protocol, The obtained DNA concentrations and purity are higher. { Deleted: might be done
Automated methods are a time-saving option, for PCR and qPCR reactions. For CRC _{ Deleted:,
samples, a higher DNA concentration is expected to be obtained from differentiated
DNA integrity is higher when manual purification is performed, for both tissues and ( Deleted:
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whole blood. The unresolved issue,refers to the imbalance between concentration and ( Deleted:,
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quality.
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The above-mentioned aspects should be investigated jn larger cohorts with sample [ Deleted:
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size calculations.



