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Abstract

Formaldehyde is the most commonly used fixative for the preparation of formalin-fixed paraffin-
embedded tissues (FFPETs) in the “reduction rooms” of pathology wards. Therefore, we analysed for the
generation of 3-(2-deoxy-p-D-erythro-pentafuranosyl)pyrimido[1,2-a]purin-10(3H)-one adducts (M,dG), an
exocyclic DNA adduct considered to be a biomarker of oxidative stress and lipid peroxidation, in DNA
extracted from the FFPETs of six liver and lung of C57BL/6 control mice and from the FFPETs of four
cancer patients in respect to paired flash-frozen tissues using **P-postlabeling. When the experimental
animals were examined, the percentage of M;dG adducts was about 4-6 fold greater with the FFPET mouse
samples as compared to flash-frozen mouse samples. Specifically, 4.75 M,;dG + 0.21 (SE) per 10° normal
nucleotides (nn) were detected in the FFPET liver samples, and 1.07 M;dG + 0.08 (SE) per 10°nn in the
flash-frozen liver(p=0.02). Then, 3.80 M,dG % 0.73 (SE) per 10° nn were measured in the FFPET lung
samples, and 1.02 M;dG =+ 0.07 (SE) per 10°nn in the flash-frozen lung (p=0.02). Also, significantly
increased levels of oxidatively damaged DNA were detected in the human colon DNA from the FFPETS in
respect to the flash-frozen tissues. There were 30.2 M;dG + 7.7 (SE) per 10° nn in the colon mucosa DNA
from the FFPETSs and 4.4 M;dG + 0.7 (SE) per 10®nn in the corresponding flash-frozen human tissues
(p=0.016). Formalin penetration through cell membrane components induces excess oxidative stress, causing
both direct oxidation in DNA and increased lipid peroxidation, which in turn produces M;dG adducts, a kind
of DNA damage that can partially block DNA synthesis and induce error prone translesion synthesis. Excess
of exocyclic DNA adducts in formalin-fixed specimens can stall DNA polymerases and contribute to the
induction of artefactual sequence alterations during PRC amplification.
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Introduction

Formaldehyde is the most commonly used fixative in the “reduction rooms” of pathology wards (1).
On the one hand, the chemical reactivity of this aldehyde fixative has been world-wide exploited to “fix”
human and animal cells and tissues to arrest biological degradation by forming chemical “cross-links”
between and within proteins (2). Furthermore, the use of archives of formalin-fixed paraffin-embedded
tissues (FFPETSs) stored around the world represents an extensive source of material in DNA analysis (3). On
the other hand, formaldehyde has genotoxic and carcinogenic activity (4-6), consistent with the increased
incidence of nasopharyngeal cancer in industrial workers, embalmers and pathologists (7, 8). Indeed, this
aldehyde has been classified from the International Agency for Research on Cancer as human carcinogen in

2006 (9). An association with lymphohematopoietic malignancies has been also suggested (10).

Oxidative damage and genotoxic responses to formaldehyde have been shown in in vitro
experiments (5, 6, 11, 12), but conflicting results have been reported in related human studies (13-15). Lu et
al. have recently analyzed the in vitro reactions between formaldehyde and all of the deoxynucleosides and
their oligomers (16). This study has shown that formaldehyde reacted predominantly with deoxyguanosine,
and readily forms cross-links between lysine or cysteine with deoxyguanosine (16). Formaldehyde has been
additionally reported to induce the generation of N>-hydroxy-methyl-dG adducts (17). Nevertheless, the
genotoxic responses to this chemical can also be indirect and derive from oxidative stress and peroxidation
of lipids (LPO). Indeed, formaldehyde induces the generation of reactive oxygen species (ROS) (12, 18, 19),
highly reactive compounds that interact with DNA and lipids of inner cell membrane, leading to oxidative
damage and LPO (20). LPO produces malondialdehyde (MDA) or its tautomer, B-hydroxyacrolein (20), a
highly reactive aldehyde capable to interact with DNA(20). MDA is not only a product of physiological
metabolism, but arises in the form of a base propenal when DNA is oxidized (21). Consequently, elevated
amounts of 3-(2-deoxy-B-D-erythro-pentafuranosyl)pyrimido[1,2-a]purin-10(3H)-one, known as M,dG, are
produced. Exocyclic DNA adducts, such as M;dG, tend to induce base pair and frameshift mutations in
repeated sequences (22). M,dG is considered a biomarker of corresponding environmental exposures (23,

24), dietary habits (25-28), specific methylation aberrations (29, 30), and predictive of cancer risk and tumor
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progression (27, 31-34). A relationship between inflammation, M;dG and myeloperoxidase catalysed

production of hypochlorous acid has been shown in lung of rodents (35, 36).

The mechanism of formalin-fixation has extensively been investigated (37), nevertheless the effects
of this process on DNA are unclear. To better understand the consequences on DNA caused from formalin-
fixation, we analysed the levels of oxidatively damaged DNA in DNA from the FFPETSs and the
corresponding flash-frozen tissues in both experimental animal and human tissues. Our interest in this area
was a result of two cross-sectional studies that analyzed the genotoxic effects due to formaldehyde exposures
in industrial and hospital settings by measuring the levels of two biomarkers of oxidative stress and LPO (1,
38). In those studies, high levels of urinary 15-F, isoprostane and leukocyte M;dG adducts were observed in
formaldehyde exposed workers. In particular, the pathologists working in the “reduction rooms”, where the

preparations of FFPETs are commonly performed, were at higher risk of oxidatively damaged DNA (1).

In details, we measured the amounts of M;dG adducts, a specific type of exocyclic DNA adducts, in
DNA extracted from the FFPETs and the flash-frozen paired samples of the liver and the lung of six
C57BL/6 control mice. The production of oxidatively damaged DNA was also analyzed in paraffin-
embedded tissues as additional” real” control. Subsequently, the levels of M;dG adducts were determined in
DNA extracted from the FFPETs and the flash-frozen paired tissues of the colon mucosa of four patients
undergoing surgical resection of colon cancer. This was done using the **P-postlabeling assay (23, 25), a
highly sensitive technique widely employed for the analysis of DNA damage caused from carcinogen

exposures (23, 39, 40), including occupational exposures to formaldehyde (1).
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Results
Reference standard by 32P-p0stlabeling and mass-spectrometry
Our results show that the levels of DNA damage, expressed such as RAL, were 5.0 M;dG adducts £
0.6 per 10° nn in MDA-treated CT-DNA based on **P-postlabeling. The presence of the M;dG adduct in the
MDA treated CT-DNA sample was confirmed by mass-spectrometry as already reported (41, 42), and we are
using the nomenclature reported by Goda and Marnett for this adduct (43). Subsequently, a calibration curve
was set up by diluting the reference standard with control DNA and measuring the decreasing levels of

M, dG by using the **P-postlabeling assay, r-squared = 0.99.

M,;dG adducts in animal and human tissues

To look for potential oxidatively DNA damage caused by the formalin-fixation process, we analyzed
the levels of M,dG adducts, a specific type of exocyclic DNA adducts, in the DNA from the FFPET samples
as compared to the flash-frozen tissues using the **P-postlabeling assay (23, 39). A typical pattern of M;dG
adduct spot was detected in the chromatograms of both experimental mice and humans. As expected, the
intensity of M;dG adduct spots was stronger in the chromatograms of the FFPETSs, as compared to the flash-
frozen procedure, indicating that the DNA extracted from the FFPET samples contained higher levels of
oxidatively damaged DNA in respect to those isolated from the flash-frozen specimens (Figure 1). Therefore,
differences in the intensity pattern of M;dG adduct spots between DNA extracted from the FFPETs and the
flash-frozen tissues should reflect different sampling preparation because the same tissue was analysed.
Next, we confirmed by co-chromatography the presence of M;dG adducts in the DNA of experimental

animals and human samples.

When we analysed the levels of DNA damage in the liver and the lung specimens of C57BL/6 mice
according to the FFPET and the flash-frozen procedures, the results showed that the percentage of M,dG
adducts was about 4-5 fold greater with the FFPET specimens as compared to flash-frozen tissues (Table 1).
Specifically, we found that 4.75 M;dG + 0.21 (SE) per 10° nn were detectable in the FFPET liver samples,
whereas 1.07 M,dG + 0.08 (SE) per 10°nn in the untreated liver DNA (p <0.02). Then, significant increased
amount of DNA damage was also observed in the FFPET samples of lung tissues (p < 0.02). In detail, 3.80
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M,dG # 0.73 (SE) per 10°nn were measured in the FFPET lung samples, conversely 1.02 M,dG # 0.07 (SE)

per 10°nn in the flash-frozen mouse lung DNA.

In the case of the human colon mucosa, the findings of the *P-postlabeling analysis revealed that the
adduct frequencies were approximately 7 fold greater with the FFPETs in respect to the flash-frozen tissues
(Table 1). In particular, the RAL levels of human colon FFPETs were 30.2 M,dG + 7.7 (SE) per 10® nn,
whereas the RAL of flash-frozen human colon DNA used as control were 4.4 M;dG £ 0.7 (SE) per 10°nn (p

<0.016).

Since the observed adduct, the M,dG, is promoted by a secondary reaction and can be induced by
any species capable of promote ROS and LPO, the adduct formation in tissue fixed in formaldehyde and
embedded in paraffin was compared with tissue embedded in paraffin-only such as additional “real” control.
When we looked at the levels of DNA damage caused by the paraffin embedded procedure alone, any
increased M;dG adduct production was not observed in the DNA extracted from the paraffin embedded
samples in respect to the fresh-frozen tissues (data not shown), suggesting that the increase formation of

DNA damage was associated to formaldehyde fixation in the FFPET samples.
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Discussion

In the present study, we examined the relationship between the FFPET procedures and the generation
of M,dG adducts, a specific type of exocyclic DNA adducts (20), in both experimental animal and human
tissues. We find a striking association between formalin-fixation process and a significant increased DNA
damage in different specimens, including lung tissues, which are those of concern for occupational
exposures. Indeed, the levels of M;dG adducts were significantly increased in DNA extracted from the
mouse liver and the lung FFPETSs as well as from the human colon FFPETSs as compared to the flash frozen
tissues and to the paraffin-embedded tissues. According to Fox and colleagues (2), there is a paradox in the
working mechanism of formalin because it penetrates tissues rapidly, but it fixes them very slowly. During
this lapse of time, oxidative stress and ROS formation can occur, causing both direct oxidation in DNA and
increased LPO, which in turn can produce exocyclic DNA adducts, including M,dG adducts. Therefore, our
results indicated that, in performing its protective role against biological degradation, this aldehyde fixative

alters the structure of DNA by inducing oxidative DNA damage.

The reaction of formaldehyde with DNA has been studied for many years (17). A number of reaction
products were reported but the main adduct observed was the addition of a hydroxymethyl-substituent to
primary and secondary amine groups of the respective base. DNA—protein crosslinks have been found in
primary and immortalized formaldehyde exposed cells (6, 11), and in the nasal epithelium of treated Fischer
344 rats (44, 45). The formaldehyde treatment has been associated with free radical production and increased
LPO in red blood cells, hepatocytes, testes and cerebellum specimens of experimental animals (18, 46-48).
The formaldehyde toxicity is thought to be partially based on the activation of ROS producing enzymes, and
the inhibition of scavenging systems, thereby enhancing the cellular levels of oxidative stress (49). In
particular, formaldehyde is a substrate for cytochrome P-450 monooxygenase system II E1 isozyme, and it
may be oxidized by peroxidase, aldehyde oxidase and xanthine oxidase with subsequent ROS generation
(18). Recently, we conducted a cross-sectional study of a group of pathologists working in three pathology
wards in Italy (1). In that study, pathologists working in the “reduction rooms” were significantly exposed to
air-formaldehyde relative to the controls. A significant difference for the levels of M;dG adducts between
exposed pathologists and controls was also observed. Furthermore, the association of formaldehyde with

7



Toxicology Research Page 8 of 20

oxidatively damaged DNA becomes stronger when the evaluation of external exposure to air-formaldehyde

was based on the use of personal dosimeters (1).

Considering that formaldehyde is a fixative commonly used in the “reduction rooms”, our study
emphasizes the necessity to avoid improper work behavior in pathology wards. Although this result can
intensify concern about the genotoxic risk for pathology ward workers, the dose received by the latter is
lower compared to that obtained by dipping a tissue in a 4-10% formalin solution for 24 hrs. Nevertheless, in
our previous work (1), the analysis of the dose-response relationship showed an increased M;dG formation
only in pathology-ward workers exposed to external air-formaldehyde amonut higher than 66 pg/m’, but not
in those exposed to lower air-formaldehyde values. Thus, there can be a threshold in effects in vivo for this
type of oxidative damage. Furthermore, the effect of air-formaldehyde exposure was more evident in the
group of non smokers, suggesting that the role of formaldehyde exposures in the M;dG adducts can be
confounded by cigarette smoking habits (1). Tobacco smoke has a confounding role in the expression of
other biomarkers (30, 32, 50, 51) as well as in the framework of environmental exposures (29, 52, 53). For
instance, passive tobacco smoke exposure of children has been associated with physiologic evidence of
systemic biochemical alterations (54). In particular, apart the demonstrated relationship between passive
tobacco smoke and generation of oxidative stress (55), passive tobacco smoke exposure has been reported to

represent a confounding factor with respect to many altered health conditions (56).

Since its introduction as a histological fixative back in the 19" century, the formaldehyde solution in
water has been adopted as the fixative of choice for biological specimens. The FFPETs are commonly
prepared by "dipping" the tissues in a formalin solution for up to 24 hrs, and, then, embedded in paraffin for
long term storage, as stated in widely accepted guidelines (57). The archival FFPETsS are a precious source of
genetic data, because the detection of mutational biomarkers can predict clinical response in patients with
colon (58) and breast cancer (59). Their utilization in biomedical research has been challenging due to the
propensity of the FFPET DNA to block of polymerase extension and induced non-reproducible sequence
artefacts when it is used as template for PCR amplification (60). For an example, a meta-analysis of somatic
EGFR mutations in the epidermal growth factor receptor (EGFR) in about 12,000 non-small cell lung cancer

8
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patients reported that most of the EGFR mutations were detected in a single case alone (61), suggesting that
many of these measurements can be artefactual. In our investigation, the levels of M;dG adducts in the
FFPETs were comparable to that of most abundant form of base oxidation, 7,8-dihydro-8-oxo-2'-
deoxyguanosine (20), therefore, it is conceivable that the generation of high levels of M;dG adducts, a kind
of DNA damage capable to block DNA synthesis and induce error prone translesion synthesis (62), can
contribute to stall DNA polymerase elongation and to be subjected to error prone translesional

interpretation/misinterpretation by DNA polymerase during PCR.

The presence of M;dG adducts have been detected in several tissues as liver, breast, colon, bronchi,
gastric mucosa and peripheral leucocytes from healthy human beings at levels ranging from undetectable to
160 per 10% nn (1, 23, 27, 33, 34, 63, 64). Herein, the levels of colon mucosa M,dG adducts were in the range
of those found in the colon mucosa of 162 volunteers participating in both the United Kingdom Flexiscope
Sigmoidoscopy Screening Trial and the EPIC study, with adduct levels ranging from undetectable to 122.3

M,dG per 10° nn (27).

A strength of the present study is that the levels of M;dG adducts were analyzed by the **P-
postlabeling, a technique known to be sensitive, to 1 adduct in about10°-10'° nn, for the detection of a wide
range of carcinogens (39, 65, 66). A high repeatability of the measurements of aromatic DNA adducts has
been also reported for this assay (67). Nevertheless, **P-postlabeling is a technique that is unable to
determine the structure of the adducts under study; higher specificity may be obtained if the assay is
combined with the use of appropriate internal standards (68, 69), or coupled with MALDI-TOF mass

spectrometry, such as in the case of the M;dG adducts (1, 24).
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Material and Methods

Experimental animals and histopatology

The normal liver and the lung specimens were collected from six C57BL/6 mice (Harlan
Laboratories S.r.1. Udine, Italy), which were kept on a regular dark/light cycle, and received regular chow,
17.0% kcal from fat (crude oil) (TD.2018, Harlan Laboratories S.r.l. Udine, Italy) and water ad libitum.
After eight weeks of standard chow, mice were weighed and the liver and the lung tissues were harvested,
weighed, and apportioned for DNA extraction as flash-frozen tissue or preserved in 10% buffered formalin.
Experimental animal procedures were performed in accordance with the guidelines of the General Hospital
Institutional Committee that reviewed and approved the protocol. Formalin-preserved liver and lung tissue
samples were first embedded in paraffin, then, the mouse FFPETs were deparaffinized, hydrated and used
for DNA extraction applying standardized protocols of the Department of Experimental and Clinical
Biomedical Sciences of the University of Florence (70, 71). Both flash-frozen and paraffin-embedded tissues

were used such as controls.

Human specimens and histopatology

The colon mucosa specimens were obtained from four cancer patients undergoing colon cancer
surgery after informed consent. The study was approved by the relevant ethical committee (37). Normal
colon mucosa specimens were obtained near the noninvolved surgical margin of the colon of the patients.
Biological samples were immediately transported on ice to the pathology laboratory. From each specimen,
two samples were taken and processed as follows: a) the FFPET procedure, where the sample (4 mm thick)
was fixed for 24 hrs in 4% at room temperature, routinely processed to paraffin embedding with an
automatic processor, and embedded in paraffin wax; b) the freezing procedure, where the sample (4 mm
thick) was embedded in Tissue-Tek® OCT™ compound, flash-frozen in isopentane immediately after
dissection and stored at -80°C. Before DNA extraction and purification, the FFPET samples were

deparaffinized and rehydrated using standardized protocols (37).

Preparation of reference adduct standard

10
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A reference adduct standard was prepared as follow: calf-thymus (CT)-DNA was treated with 10 mM
MDA (ICN Biomedicals, Irvine, CA, USA), as previously reported (1). Then, MDA treated DNA was
diluted with untreated CT-DNA to obtain decreasing levels of the reference adduct standard to generate a

calibration curve.

DNA extraction and purification
Extraction columns were treated according to the manufacturer's protocol for the QIAamp DNA
minikit (37, 71). The concentrations of DNA extracted from FFPETSs and flash-frozen samples were

measured spectrophotometrically and DNA was stored at -80°C until laboratory analysis (50, 68).

Mass-spectrometry

The presence of DNA adducts in MDA treated CT-DNA sample was analyzed by mass-spectrometry
(Voyager DE STR from Applied Biosystems, Framingham, MA), as reported elsewhere (41, 42), through the
following sequence of steps: (1) reaction of DNA with NaBH, followed by precipitation with isopropanol
(43); (2) digestion with snake venom phosphodiesterase and nuclease P1; (3) extraction of DNA adducts that
are less polar than normal nucleotides on an OASIS cartridge (Waters Corp.); (4) tagging with an
isotopologue pair of benzoylhistamines (d, and d4) in a phosphate-specific labeling reaction in the presence
of carbodiimide (41, 42); (5) removal of residual reagents by ion exchange solid-phase extraction; (6)
resolution of tagged adducts by capillary reversed-phase HPLC with a collection of drops onto a MALDI
plate; (7) addition of matrix (a-cyano-4-hydroxycinnamic acid); and (8) analysis by matrix-assisted laser

desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS).

2P-DNA postlabeling

The generation of M;dG adducts in DNA from the FFPETs and the fresh-frozen tissues were
measured by the *P-DNA postlabeling technique (23), a highly sensitive method used for the analysis of
DNA adducts induced from a wide variety of carcinogens (39, 72, 73), including exocyclic DNA adducts
(74). In brief, DNA (2 pg) was hydrolyzed by incubation with micrococcal nuclease (21.45 mU/ul) and
spleen phosphodiesterase (6.0 mU/ul) at 37°C for 4.5 h (72). Hydrolyzed DNA was treated with nuclease P1

11
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(0.1 U/Wl) at 37°C for 30 min. The samples were incubated with 25 pCi of carrier-free [7—32P]ATP (3000
Ci/mM) and polynucleotide kinase T4 (0.75 U/ul) to generate 32p_labeled adducts at 37°C for 30 min (72),
followed by spotting onto polyethyleneimine cellulose thin layer chromatography plates (Macherey-Nagel,
Germany). **P-labeled adducts were applied on polyethyleneimine (PEI) cellulose thin-layer chromatography
plates (Macherey-Nagel, Germany) and processed as previously described (25). This chromatographic
modification of the **P-postlabeling method has been developed from our laboratory for the specific
detection of this specific kind of exocyclic DNA adducts (25) by using a low-urea solvent system known to
be effective for the detection of low molecular weight and highly polar DNA adducts. In brief, **P-labeled
products were applied to the origin of chromatograms and developed with 0.35 MgCl, up to 2.0 cm filter
paper wick. Plates were developed in the opposite direction with 2.1 M lithium formate, 3.75 M urea, pH
3.75, and then run at the right angle to the previous development with 0.24 M sodium phosphate, 2.4 M urea,
pH 6.4. Detection and quantification of M;dG adducts and normal nucleotides (nn) were performed by
storage phosphor imaging with intensifying screens from Molecular Dynamics (Sunnyvale, CA, USA). The
intensifying screens were scanned using a Typhoon 9210 (Amersham). Software used to process the data
was ImageQuant (version 5.0) from Molecular Dynamics. After background subtraction, the levels of M;dG
adducts were expressed such as relative adduct labeling (RAL): pixels for adducted nucleotides / pixels for
normal nucleotides (nn). The RAL levels of M;dG adducts were corrected across experiments based on the

recovery of the reference standard, the MDA treated CT-DNA sample.

The **P-postlabeling technique is an assay that is unable to determine the structure of the DNA
adducts under exams, but higher specificity may be achieved when the assay is coupled with the use of
appropriate reference standards. (68, 69, 75).Thus, co-chromatography on PEI-cellulose thin layer
chromatography plates was used to confirm the identity of adduct spots observed in the FFPET tissues.
Briefly, the FFPET and the reference standard **P-labeled samples were spotted onto the same PEI-cellulose
thin layer chromatograms and analyzed using the following chromatographic solvent system: 2.1 M lithium
formate, 3.75 M urea, pH 3.75 (first direction) and 0.24 M sodium phosphate, 2.4 M urea, pH 6.4 (second

direction) or 0.24 M sodium phosphate, 2.7 M urea, pH 6.4 (second direction). After storage phosphor

12
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imaging with intensifying screens, the chromatographic mobility of the FFPET adduct spots was compared

with that of the reference standard onto PEI-cellulose plates.

Statistical analysis

The levels of M;dG adducts were expressed as adducted nucleotides per 10°nn (experimental animal
tissues) or per 10° nn (human tissues). Statistical analyses were performed using Mann-Whitney U test to
examine the differences between FFPET and control unprocessed samples. All statistical tests were two-
sided and p less than 0.05 was considered to be statistically significant. The data were analyzed using SPSS

13.0 (IBM SPSS Statistics, New York, NY).

13
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Conclusion

In the present study, we showed a significant association between formalin-fixation procedures and
the generation of oxidatively damaged DNA. We provided data that formalin-fixed DNA contains increased
levels of M,dG adducts, a kind of DNA adducts that can also partially block DNA polymerase extension and
induce error prone translesion synthesis (62). Thus, it is possible that high levels of M,;dG adducts in FFPET
tissues can partially block DNA synthesis and to be subjected to error prone translesional
interpretation/misinterpretation by DNA polymerase during PCR. Our results can have important
implications in biomedical research, where the FFPETSs are widely used such as source of DNA for
mutational studies. The extrapolation of the genotoxic risk is certainly difficult from the drastic conditions
commonly used for the formalin-fixation, but one could argue that if the continuous exposures to
formaldehyde persist in reduction rooms, the risk of DNA damage increases. Therefore, we should consider
the present genotoxic finding as an important knowledge for the future preventive actions aimed to reduce

formaldehyde exposures and to avoid improper work behaviour in the pathology-wards.
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Table 1. Mean levels of 3-(2-deoxy-p-D-erythro-pentafuranosyl)pyrimido[ 1,2-a]purin-10(3H)-one adducts
(M,dG) £ (SE) in the liver and the lung specimens of mouse and in human colon according to the formalin-
fixed paraffin-embedded (FFPTE) procedures and in the respective fresh-frozen tissues, as controls.

Species Specimens Buffered M,dG adducts + (SE) P-values
formalin
FFPTEs Control tissues

Mouse

Liver 10% 4.75 +0.21 per 10° nn 1.07 £0.08 per 10°nn ~ 0.02

Lung 10% 3.80 +0.73 per 10°nn 1.02 £0.07 per 10°nn ~ 0.02
Human

Colon 4% 30.2 adducts + 7.7 per 10°nn 4.4 + 0.7 per 10°nn 0.016
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Figure 1. 3-(2-deoxy-B-D-erythro-pentafuranosyl)pyrimido[ 1,2-a]purin-10(3H)-one adduct-spot in the
human colon DNA extracted and purified from the formalin-fixed paraffin-embedded tissues (A) and from
the correspondent flash-frozen colon mucosa tissues (B).
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