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FT-IR Spectroscopy Study in Early Diagnosis of Skin Cancer
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Abstract. Background/Aim: Mid-infrared spectroscopy
(4000-500 cm™) was used to analyze the spectral changes
and differences of the characteristic absorption bands of the
skin components due to cancer development for early clinical
diagnosis. Materials and Methods: Human biopsies from
basal cell carcinoma, malignant melanoma, and nevus were
used, while normal skin tissue served as a control. Results:
The high quality of Fourier-transform infrared (FT-IR)
spectra showed that upon cancer development the intensity
of the absorption band at approximately 3062 em™! was
increased, indicating that most of the proteins had the
configuration of amide B and the (-sheet protein structure
predominated. The stretching vibration bands of vCH, in the
region 2950-2850 em™! were increased in melanoma and
nevus, while were less pronounced in basal cell carcinoma
due to the increased lipophilic environment. In addition, the
intensity of a new band at 1744 em™ | which is assigned to
aldehyde, was increased in melanoma and nevus and
appeared as a shoulder in the spectra of normal skin. The
absorption band of amide I at 1650 cm™' was split into two
bands, at 1650 cm™ and 1633 cm’I, due to the presence of
both a-helix and random coil protein conformations for
melanoma and nevus. This was confirmed from the amide 11
band at 1550 cm™, which shifted to lower frequencies at
1536 cm™ and 1540 cm™! for basal cell carcinoma and
melanoma, respectively, indicating a damage of the native
structure of proteins. The bands at 841 and 815 em™!, which
are assigned to B-DNA and Z-DNA, respectively, indicated
that only the bands of the cancerous Z-DNA form are
while in BCC both the

pronounced in melanoma,
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characteristic bands of B-DNA and Z-DNA forms are found.
Conclusion: It is proposed that the bands described above
could be used as “diagnostic marker” bands for DNA forms,
in the diagnosis of skin cancer.

Skin melanoma and non-melanoma cancer rates increase
every year globally. Skin is a highly metabolic tissue and
acts as a protective barrier between the body and the harmful
environmental factors. Sun UV and ionizing radiation are
responsible for sun burns, premature aging, and skin
carcinogenesis. The mechanisms of skin carcinogenesis have
been extensively studied (1-6). Basal cell carcinoma (BCC),
squamous-cell carcinoma (SCC), and skin melanoma (MM)
are the three main types of skin cancer (7). BCC is the most
common non-melanoma skin cancer, grows slowly, invades
locally, and is rarely metastatic (7, 8). SCC is more likely to
spread and is characterized by erythematous lesions (6).
Finally, melanoma is the most aggressive skin cancer.

The clinical diagnosis of skin cancer includes histological
data, size and shape of skin lesions. Fourier Transform-
Infrared (FT-IR) spectroscopy provides multidimensional
information about the components of a tissue, and can be
used as a tool for the non-invasive characterization and
identification of the molecular features of various cancer
types. The IR spectra consist the “fingerprint” of any
material, including tumor tissues and are very sensitive to
structural changes of the biological molecules that are
formed due to biochemical and metabolic processes that
occur during cancer development (9-12). The mid-IR spectra
(4000-400 cm™) of normal and malignant tissues indicated
that FT-IR spectroscopy could be useful in the diagnosis of
skin cancers (9-12). FT-IR spectroscopy today is a rapid and
easy-to-use method. Infrared spectra of excellent quality can
be obtained from skin cancer tissues immediately after
resection surgery, without any pre-preparation of the
samples. This is a major advantage of Attenuated Total
Reflection  (ATR)-FT-IR spectroscopy  for  the
histopathological assessment of skin cancers. However, the
depths achieved by IR spectroscopy cannot exceed 20 um
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(13). In the present work we used ATR-FT-IR spectroscopy
to evaluate the spectral differences between healthy cells and
BCC, melanoma, and nevus in vitro, in order to identify
characteristic “marker bands” that can be used for diagnostic
purposes.

Materials and Methods

Patients. For the in vitro study, biopsies were received from 4
patients with BCC on the head (8 specimens), 2 patients with MM
on the back (8 specimens), and 1 patient with nevus (NEV) on the
neck (2 specimens). Normal skin tissue from the healthy region
adjacent to the extracted damaged skin was used as a control. The
size of the biopsies did not allow separation of the epidermal layers.
Parts of each biopsy were sent for histopathological analysis to
confirm the type and stage of cancer. Tissues were fixed in 10%
neutral-buffered formalin immediately after surgical excision.
Paraffin was not used for tissue fixation, since we have observed
that when using solvents such as hexane and DMSO to remove
paraffin from the samples, the lipophilic soluble products and
aggregates produced during cancer development are not detected in
the spectra (data not shown). Biopsies were obtained from non-
pretreated patients during surgery, according to the Greek ethical
rules, with the permission of the Scientific Board of the 401 Army
General Hospital in Athens.

ATR-FT-IR spectroscopy. Spectra were recorded with an ATR-FT-
IR Nicolet 6700 thermo-scientific spectroscope as previously
described (14). The ATR-FT-IR technique does not require
homogenized samples, thus we were able to obtain spectra from
different parts within each tissue specimen. In order to minimize the
signal-to-noise ratio, each spectrum consisted of 120 co-added
spectra at a spectral resolution of 4 cm~!. The OMNIC 7.3 software
program was used for data analysis.

Results and Discussion

FT-IR spectra (4000-400 cm™) of normal healthy tissue (N),
BCC, MM and NEV biopsies are shown in Figure 1. The
spectra of BCC, MM, and NEV show variations in intensities
and frequency shifts in wavenumbers of the absorption
bands, in comparison to the healthy tissues.

The absorption bands of the stretching vibrations of vOH
and vNH groups of glycosaminoglycans, proteins, and collagen
of the skin, as well as the stretching vibration bands of the
water molecules in the cells appear in the spectral region
between 4000 and 3000 cm™! as previously reported (12-18).
In Figure 1, the broad band at approximately 3484 cm™! in the
spectra of N and NEV is assigned to the stretching vibration of
vOH groups of water molecules, and to the vOH of
polysaccharides of the hyaluronic acid (HA). This band is
decreased in the cases of BCC and MM due to the skin
dehydration and to the HA chain degradation. The intense band
at 3290 cm™! is assigned to the stretching vibration of vNH
groups of proteins and it shows that the protein formulation is
in the form of Amide A, as previously shown (18, 19).
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Deconvolution analysis in this region showed that this vNH
band consisted of 5 absorption bands (spectra not included
here), which correspond to stretching vibrations of vNH groups
of proteins and vOH of glycosaminoglycans, which interact
with each other and form various strengths of hydrogen bonds.

The band at approximately 3062 cm™! indicates that most
of the proteins have the configuration of amide B. In the case
of amide B, the -sheet protein structure predominates (19).
This means that the effect of the NH group of the peptide
bond —-NHCO- is stronger than C=0, unlike in amide A,
where the effect of C=0 in the peptide bond is stronger. The
coexistence of both A and B protein conformations illustrates
the prevalence of different hydrogen bonds that hold the
protein strands together (14, 19). As it is known, the
hydrogen bond is important in stabilizing the protein helix
and any change implies that the physiological environment
has changed. We have found that these changes are very
important and constitute a basic criterion in order to
characterize the disease and its progression (10-18).

The bands in the spectral region between 3000 cm™! to
2870 cm™! (Figure 1) are assigned to the symmetric and
antisymmetric stretching vibrations of methyl (v,,CHj,
v,CH3) and to methylene (v,;,CH,, v;CH,) groups of lipids,
proteins, and glycosides (9-12, 15). A considerable increase
of the intensity of these bands is observed in the spectra of
MM and NEV, and less in BCC spectra, indicating that the
environment of the membrane has changed and the
surrounding medium has become more lipophilic (15).
Deconvolution of BCC, MM, and NEV spectra showed the
production of a new band at 2892 cm! in this region, which
is assigned to the presence of a branched alkyl chain. The
formation of branched alkyl chain indicated that, through the
metabolic pathways of the disease, free alkyl radicals were
produced, which interacted with each other to give final
stable dimer products. Moreover, increase of the intensities
of the symmetric absorptions of vsCH, groups confirmed the
higher order configuration of the lipid membranes, indicating
the production of amyloids, due to cancer formation (11, 12,
16).

The spectral region 1800-700 cm™' contains information
about the secondary structure of proteins (Figure 1). The new
band at 1744 cm™! in N and BCC spectra appears as a
shoulder, but in MM and NEV has much higher intensity and
is assigned to aldehyde group (-CHO), which is formed as a
result of lipid peroxidation (16, 17). The high intensity band
near 1650 cm™! is assigned to vC=0 vibrations of the amide I
of the peptide bond (-NHCO-) of proteins (16-19). For MM
and NEV samples, this band, upon deconvolution, was split
into two bands at 1650 cm™!' and 1633 cm™!, due to the
presence of both o-helix and protein
conformations. The next intense band at about 1550 cm™! is
assigned to amide II of the proteins [3-turns and it suggests that
the collagen has a-helix configuration. This band also was
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Figure 1. FT-IR spectra of skin tissues: normal healthy tissue (N), basal cell carcinoma (BCC), melanoma (MM) and nevus (NEV), in the region

4000-400 cnm!.

shifted to lower frequencies, from 1544 cm™! for healthy cells
to 1536 cm-1 for BCC, 1540 cm™! for MM, and 1549 cm™!
for NEV, indicating a damage of the native structure of
proteins. Noticeable changes were also observed in the
spectral region of 1250-1000 cm™', including the absorptions
of the -PO,- and -C-O-C- group vibrations, where an oxygen
atom is linked to two carbon atoms of the sugar moiety of
glycosaminoglycans together with the exocyclic C-O-C inter-
molecule groups (19). The bands near 1150-1165 cm™' are
attributed to -C-O-C bonds of the sugar ring of HA and to
sugar ring of DNA (20, 21). The band at 1056 cm™! is
assigned to exocyclic -C-O-C- (oxygen bridge). The
absorption bands of the C-C and C-OH appear at 1160 cm™'.
As it is shown in Figure 1, this band increased in intensity in
the spectra of BCC, MM, and NEV, indicating that there was
substantial reduction in the amount of hydrogen-bonded C-OH
groups of cellular proteins, as well as an accumulation of
carbohydrates as a result of glycosylation during the cancer
progression. This band was also observed in the cancer
regions of breast and colon, and metastatic bone cancers (10,
12, 22).

Figure 2 shows the FT-IR spectra of normal healthy tissue
(N), basal call carcinoma (BCC), melanoma (MM) and nevus
(NEV) specimens. Region 900-800 cm™! reveals information
on the configuration of the sugar-phospahte groups of DNA
backbone. The absorption bands at 841 cm™! and 815 cm™!
are assigned to sugar-phosphate vibrations of backbone
strands of DNA and correspond to B-DNA and Z-DNA,
respectively (23, 24). In the case of MM, only the cancerous
Z-DNA conformation was observed, while in BCC both B-
DNA and Z-DNA forms were found. In the normal tissue the
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Figure 2. FT-IR spectra of skin tissues: normal healthy tissue (N), basal
cell carcinoma (BCC), melanoma (MM) and nevus (NEV), in the region
900-800 cm—!.

band of B-DNA was masked from other absorptions. The
high intensity band at 871 cm™! is attributed to tyrosine
amino acid (25, 26).
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Figure 3. FT-IR spectra of normal skin tissue (N) subtracted from the spectra of melanoma (MM) tissue (MM-N).

wm

OCH:
Hyaluronic acid
monomer
HOOC § ?
H
1 2 COCH3
scission

4 0-07
peroxyl radical

HOOC ? : f S

COCH3
free radlcal
4 “
5
O OH
/ \ HOOC

00C ? \ COOH

O OH

6 HOOC

HO OH

Ko b

Figure 4. Reactions of hyaluronic acid (HA) with hydroxyl free radicals (HO*). The site of HA* radical formation is random and one monomer is
shown here, which is denoted by the dashed lines. The final byproducts 5 and 6 are stable and are produced from the free radical 2.

From the above spectroscopic results it is shown that the
disease affects the structure of the skin at a molecular level.
In order to understand the behavior of the disease, we
subtracted the spectra of the normal tissue (N) from the
spectra of melanoma (MM), as it is shown in Figure 3. In the
subtracted spectra of MM-N, the vOH and vNH bands are
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negative, suggesting the dehydration and collagen
degradation of MM tissue, respectively. On the contrary, the
absorption bands in the region of 1200-900 cm™!, which
correspond to the -C-O-C, C-OH groups, showed increased
intensity. These findings lead to the suggestion that during
melanoma progression the glycosylation of the tissue is
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Figure 5. FT-IR spectra of basal cell carcinoma (BCC) subtracted from the spectra of melanoma (MM) tissue (MM-BCC).

increased. In order to explain the above spectral changes, we
have to take in consideration that during melanoma
development free hydroxyl radicals are produced, which play
a crucial role in glycosaminoglycans fragmentation. The
hydroxyl free radicals react with HA by subtracting hydrogen
atoms and lead towards the formation of hyaluronic acid free
radical (HA*) (Figure 4).

In Figure 4, the formed HA* free radicals (Figure 4,
product 1) are not stable and are decomposed to give a series
of more stable products (Figure 4, products 5 and 6) or
interact with molecular oxygen to give peroxides (Figure 4,
product 4). These reactions could explain the observed
reduction in the intensity of the band at 1054 cm™! (Figure
5, negative absorption at MM-N spectra). The produced HA*
can also interact with other radicals of the cell
macromolecules to produce branched or cross-linked
polymers as it was detected by the band at 2892 cm™!,
assigned to vCH,. The formed products are similar to those
that were also produced upon irradiation of polysaccharides
or by using cupric ions (Cu?*) and ascorbic acid (27-29).
The glycosylation has also been shown in other cancers, such
as breast and metastatic bone cancers (12, 22, 30).
Furthermore, HA and its CD44 cellular receptors, and the
receptor for HA-mediated motility/intracellular HA-binding
protein have also been linked to cancer progression and
metastasis (31-34). The intensity of the bands of amide I at
1634 cm™! and amide 1T at 1542 cm™! was reduced in MM,
suggesting that the proteins had a radon coil configuration
and increased active sites. These sites may react with free
radicals and finally lead to fragmentation of collagen chain.

The spectrum of BCC and the spectra of subtraction of
BCC from MM spectrum (MM-BCC) are shown in Figure 5,
in the region of 4000-2820 cm~'. The 3293 cm™! band of

BCC assigned to vNH, became negative in MM-BCC,
whereas the high-intensity band at 1744 cm™!, which is not
shown in BCC spectra or is shown as shoulder, indicated that
a higher amount of aldehydes is produced in MM, due to
peroxidation of lipids. This aldehydic band at 1744 cm™! is
observed in all cancer samples and is formed by lipid-
hydroxyl free radical initiation reactions following the
peroxidation of lipid radicals (18, 35). The bands of amide I
at 1634 cm™! and amide 11 at 1542 cm’l, after subtraction,
showed negative absorptions for MM, suggesting that in
BCC more collagen is produced, in agreement with literature
(36, 37). Another important difference was observed in the
region 1200-900 cm™!, where the bands that characterize the
presence of glycosaminoglycans are found. Especially, the
band at approximately 1048 cm™! in MM was reduced, while
in BCC was strong. This band is due to carbon-oxygen-
carbon bridges (C-O-C) and is assigned to C-O vibrations of
HA. The absorption at 1048 cm™! could be used as a “marker
band” of MM, and due to the presence of many HA-chain
breaks it might discriminate melanoma from non-melanoma
cancers. In the DNA region (Figure 2), only the Z-DNA form
is detected in MM, while in BCC both B-DNA and Z-DNA
are present in the spectra of the skin.

The increase of absorption band intensities of methyl and
methylene groups of alkyl chains might be attributed to the
fact that the environment becomes more lipophilic, as a
result of lipid peroxidation, aldehyde and amyloid protein
formation (10-12, 19). This lipophilic environment changes
the permeability of cell membranes, leading to inactivation
of the skin’s defense systems. It has been previously shown
(2) that, in skin cancers, the concentrations of the lipophilic
antioxidants a-tocopherol, B-carotene, and ubiquinol-10, is
much higher than in the normal skin. This fact may suggest

1135



in vivo 37: 1131-1137 (2017)

that the lipophilic environment dissolves these antioxidants
and thus, the skin is not any more protected.

Conclusion

The high-quality recorded spectra of non-pretreated skin
biopsies may be used to differentiate the types of skin cancers
and further understand the biochemical processes that take
place in cancer regions. The IR spectra of the skin cancers,
BCC, MM, and NEV, all showed the new band at 1744 cm™!.
This band indicates that in cancer regions free radicals (ROS)
are produced, leading to lipid peroxidation (11, 12) and
subsequently to aldehydes (-CHO). The present spectroscopic
data showed that melanoma changes the permeability of the
cell membrane and it also alters the native B-DNA form into
Z-DNA form. Characteristic IR absorption bands or “signature
bands” at 841 cm™! and 815 cm™! have been found and are
assigned to the above B-DNA and Z-DNA, respectively. It
was found also that glycosylation occured more frequently in
MM than in BCC and NEV. Moreover, the absorption band at
1048 cm™! may also be used as a “marker band” for the
presence of MM and also for HA chain fragmentation.
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