
Abstract. Aim: To investigate the molecular structural
disorders of cancerous skin. Materials and Methods: Human
malignant melanoma and basal cell carcinoma biopsies were
used for the investigation. Fourier transform infrared (FT-IR),
Raman spectroscopy, and scanning electron microscopy were
utilized. Spectral differences between healthy, basal cell
carcinoma and melanoma tissues were recorded. Results: The
FT-IR bands of vasCH2, vsCH2 and Raman vsCH3 of cell
membrane lipids were increased in intensity in melanoma due to
an increased lipophilic environment. The FT-IR band at 
1,744 cm–1 assigned to malondialdehyde can be used as a band
diagnostic of cancer progression. The amide I bands at 
1,654 cm–1 and 1,650 cm–1 for Raman and FT-IR, respectively
were broader in spectra from melanoma, reflecting changes of
protein secondary structure from α-helix to β-sheet and random
coil. The intensity of the FT-IR band at 1,046 cm–1 was
increased in melanoma, suggesting glycosylation of the skin
upon cancer development. Another band that might be
considered as diagnostic was found at about 815 cm–1 in
melanoma and was attributed to Ζ-DNA configuration. As far
as we know, this is the first time that scanning electron
microscopy revealed that metal components of titanium alloys
from tooth implants were transferred to melanoma tissue taken
from the back of one patient. Conclusion: Vibrational
spectroscopy highlighted increased glycosylation in melanoma. 

Although skin cancer affects all types of skin, it is more
common in less pigmented individuals, and the incidence is
growing every year globally (1, 2). Sun exposure is a cause
of skin alteration that can lead to cancer (3-6). Basal-cell
carcinoma (BCC) and squamous-cell carcinoma (SCC) are
the most common non-melanoma skin cancer types, while
malignant melanoma (MM) is the most aggressive and is
responsible for almost all deaths from skin cancer (1-3). 

Vibrational spectroscopies [infrared (IR) absorption and
Raman scattering] have gained great attention from the
medical community as interesting tools for the non-invasive
(non-destructive) characterization and identification of the
molecular features of cancer tissues (7-10). IR spectroscopy
is based on the changes of dipole moment of molecules
during their interaction with the IR radiation (11, 12), while
Raman is based on the change of electric polarizability of
the molecules (13, 14). Both methods reveal information not
only on the characteristic functional groups, such as CH, NH
OH, C-O-C and PO2– of lipid chains, proteins, glycans,
DNA, but also on the changes of the surrounding
environment induced by disease (8-19). 

In the present research work, Fourier transform (FT-IR)
and Raman spectroscopies in combination with scanning
electron microscopy (SEM) were used to study the molecular
and conformational changes induced by BCC and MM in
human skin. 

Materials and Methods

Patients. For the present study, eight biopsies of BCC from the head
and cheek, and nine biopsies of MM from the back of patients (age
58-70 years) were used as they were histologically characterized.
For normal skin tissue, adjacent healthy tissue in the region of the
biopsy was used. The size of the biopsies of the patients did not
allow us to separate the epidermal layers. The size of biopsies was
50 μm to 1 mm. All biopsies were fixed in buffered formaldehyde
solutions immediately after surgical excision. In order to obtain the
spectra, the samples were not fixed in paraffin, since the removal
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of paraffin by solvents also removes soluble products produced
during the disease, thus losing valuable information. Based on our
experience using solvents such as hexane or dimethylsulfoxide to
remove paraffin, also removes products such as aldehydes and
glycan end-products, which are produced during cancer
development and prefer a more lipophilic environment (7-10). The
samples were then washed with distilled water and dehydrated
under vacuum at room temperature.

Statement of Ethics. The samples were taken according to Helsinki
rules and the Greek law of ethics for ex vivo clinical research
studies.

Attenuated total reflection (ATR)-FT-IR spectroscopy. The IR
spectra were recorded with a Nicolet 6700 spectrometer (Thermo
Scientific, Waltham, MA, USA). With the ATR-FT-IR technique, the
samples were not homogenized. In ATR technique, the infrared light
passing through the crystal is reflected many times into the sample
thereby amplifying the signal. We have seen that for soft tissues, the
depth of the sample must be 10 μm, while for bones a size of 5 μm
was enough to give good spectra. This allows us to obtain spectra
from small samples and to change the sites of the same tissues of
each patient. In order to minimize the signal-to-noise ratio, each
spectrum consisted of 120 co-added spectra at a spectral resolution
of 4 cm–1. OMNIC 7.2a workstation software (Thermo Scientific,
Waltham, MA, USA) was used for data analysis. 

Raman spectroscopy. The Raman spectra were recorded by using a
micro-Raman spectrometer Invia confocal microscope (Renishaw,
UK), with excitation at 785 nm and power at 145 mW. Raman
scattering was measured throughout with sequential 10 s integration
time and microscope objective magnification of ×20. The excitation
at 785 nm was more suitable for the skin tissue specimens since the
received spectra did not show any auto-fluoresce.

SEM. The detection of skin surface and architecture morphology
were carried out using a scanning electron microscope (Fei Co, the
Netherlands). SEM was combined with energy dispersive X-ray
(EDX) apparatus for analysis of the elemental composition in
different sites of the tissues. It must be noted that there was not any
coating of the samples with carbon or gold. 

Results and Discussion 

Figures 1 and 2 show the FT-IR and Raman superimposed
spectra, respectively, of normal skin, BCC and MM. In both
techniques, the recording spectra of BCC and MM revealed
significant changes in intensities and frequency shifts of the
absorption bands in comparison with the normal tissues. The
spectral region of 4,000-3,000 cm–1 represents absorption
bands due to the stretching vibrations of vOH and vNH
groups of glycosaminoglycans, a key component of skin,
proteins and collagen of the skin, as well as the stretching
vibration bands of water molecules in the cells (20, 21).
These bands are not shown in Raman spectra, as can be seen
in Figure 2, because they were too weak. The broad band at
about 3,484 cm–1 in the spectra of normal tissues is assigned
to the stretching vibration of vOH groups of water

molecules, and to vOH of polysaccharides of hyaluronic
acid, which is also a key component of skin. The band
decreases in intensity in FT-IR spectra of both BCC and
MM, reflecting the dehydration of skin in both cancer types.

The strongest band in FT-IR spectra at 3,287 cm–1 is
assigned to stretching vibration of NH groups of proteins in A
conformation. This band decreased from normal skin to BCC
and MM, indicating damage to protein peptide bonds. The
band appearing at about 3,062 cm–1 indicates that some of the
proteins have the configuration of amide B. In the case of
amide B, the β-sheet protein structure predominates (22). This
means that the effect of the NH group of the peptide bond -
NHCO- is stronger than that of C=O, unlike amide A, where
the effect of C=O is stronger. The coexistence of both A and
B conformations of proteins illustrates the prevalence of
different hydrogen bonds in length and strength that hold the
protein strands together (20, 22). Hydrogen bonding is
important in stabilizing the protein helix and any change
implies that the physiological environment has been changed.
We have found that these changes are very important and
constitute a basic criterion in order to characterize the disease
and its progression stage (8-12, 20, 21).

The bands in the spectral region between 3,000 to 2,870
cm–1 are assigned to symmetric and antisymmetric stretching
vibrations of methyl and methylene groups of lipids, proteins
and glycosides (20, 21). A considerable increase in the
intensity of the symmetric stretching vibration band of vCH2
at 2,852 cm–1 in MM and less in BCC was observed, while
the symmetric stretching vibration band of vsCH3 at 
2,958 cm–1 was decreased in FT-IR spectra. This finding was
also obtained in colorectal (23), breast (7, 24), bone (8, 9,
21) cancerous tissues, indicating structural and conformation
puckering of membranes, which in the case of cancer has
changed with the surrounding medium becoming more
lipophilic (9-10). Deconvolution of this region showed a new
band at 2,892 cm–1, which is assigned to the presence of
branched alkyl chains. Based on that, it is suggested that
during the disease, metabolic pathways or oxidative stress
produce free hydroxyl radicals (HO•), which by reacting
with lipid chains lead to alkyl free radicals and then to
radical–radical reactions to form stable products. In Raman
spectra, the changes due to cancer formation are more
obvious in the spectral region 3,050-2,800 cm–1 (Figure 2).
Evidence of cancer development is the increase in intensity
of the band at 3,010 cm–1, which is attributed to stretching
vibration of olefinic v(=CH) mode. This band is also
observed in FT-IR spectra of MM (Figure 1, spectrum c)
concerning the involvement of oxidative stress during cancer
development (19-21). The band of stretching vibration of
vsCH3 at 2,926 cm–1 in spectra from normal tissues shifts to
2,936 cm–1 in both BCC and MM, with a parallel increase
of their intensity, indicating the increase of polarizability of
terminal CH3 groups. On the contrary, the asymmetric
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vibration of vasCH3 at 2,960 cm–1 decreases considerably in
intensity in spectra of both BCC and MM. The stretching
vibration of asymmetric methylene vasCH2 in normal tissue
from 2,880 cm–1 shifts to higher frequency at 2,890 cm–1
with a decrease in intensity. These results suggest that the
hydrophobic interaction between the hydrocarbon chains as
well as between intermembrane proteins changed their order-
disorder puckering (16). A shift to higher frequencies of the

bending vibration δCH2 from 1,436 to 1,448 cm–1 was also
observed in Raman spectra of MM.

The spectral region 1,800-700 cm–1 contains information
about the secondary structure of proteins. A new high-
intensity band at 1,744 cm–1 in FT-IR spectra of MM,
appeared as a shoulder in BCC. This new band is assigned
to the aldehyde group (-CHO) and is associated with lipid
peroxidation (8-10, 17). The increase in intensity of this band
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Figure 1. Representative Fourier transform infrared spectra of skin tissues: (a-blue) normal, (b-red) basal cell carcinoma and (c-violet) melanoma
in the region 4,000-500 cm–1.

Figure 2. Representative Raman spectra of skin tissues: (a-red) normal, (b-green) basal cell carcinoma and (c-blue) melanoma, in the region 3,200-
500 cm–1.



was related to disease progression. This band is not observed
in Raman spectra appearing only as a shoulder, as shown in
Figure 2. The high intensity FT-IR band at 1,650 cm–1 is
assigned to vC=O of amide I of the peptide bond (-NHCO-)
of proteins (7-12, 22-26) and is a ‘marker band’ for α-helical
peptide bond. This band is split upon deconvolution into
three bands at 1,690 cm–1, 1,650 cm–1 and 1,633 cm–1 due
to the presence of a β-sheet (↓↑, anti-parallel structure), 
α-helix and random coil protein structure, respectively for
MM, indicating that the secondary structure of proteins
changed from α-helix to β-sheet and random coil upon
cancer formation. Nevertheless, the bands at 1,690 cm–1 in
combination with the band at 3,062 cm–1 are very
characteristic of β-sheet formation and amyloid protein
identification (17, 19). The appearance of the β-sheet
proteins, in combination with the observed increased
intensity of vCH2 bands suggests amyloid protein formation
and that the existing environment of membranes is a more
ordered lipophilic environment that promotes the formation
of aggregates leading finally to fibril formation. 

The next intense infrared band at about 1,550 cm–1 is
assigned to the vibration of amide II group of proteins, which
is mainly due to vC-N and δNH out-of-plane and the band is
attributed to the β-turns of the protein and suggests that the
collagen helix has an α-helix configuration. In the Raman
spectra, the amide II band is not observed at all, only that of
amide I, which might be due to the fact that the –NH bending
vibration is not active in Raman scattering. This band in FT-
IR spectra is also shifted to lower frequencies, at 1,540 cm–1
for MM and 1,533 cm–1 for BCC, upon the disease
development, indicating the presence of a β-sheet (↑↑, parallel
structure) conformation of proteins. The presence in the
spectra of both antiparallel and parallel β-sheet conformation
of proteins confirms the formation of aggregates due to the

lipophilic environment as indicated from the absorption
spectra in the region 3,000-2,850 cm–1. Alteration of the
lipophilic environment during skin carcinogenesis was also
observed as reflected by increasing skin concentration of
lipophilic low molecular weight antioxidants (6, 26-28) in
comparison with healthy skin. Although the band of amide III
in the region 1,350-1,200 cm–1 is not sensitive, in the spectra
of MM, the bands at 1,230 cm–1 in IR and 1,246 cm–1 in
Raman are associated with β-sheet structure as a result of the
disease (28, 29).

Noticeable changes can also be observed in the spectral
region of 1,250-1,000 cm–1, where the absorption vibrational
modes of the membrane groups -PO22–, -C-O-C- and -O-C-
C are found, in which 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.
The bands between 1,150 and 1,165 cm–1 are assigned to –
C-O-C- band of sugar rings and the band at 1079 cm–1 to
exocyclic –C-Ο-C- (oxygen bridge) (30, 31). The intensity
of the band at 1,160 cm–1 was increased considerably in MM
spectra, indicating the high rate of glycosylation that takes
place during melanoma development. Glycosylation was also
shown in other cancer types, such as breast, colon and
metastatic bone cancer (7, 18, 20). This latter band can be
used as a biomarker band to discriminate BCC from MM.
The absorption bands at 1,046 cm–1 and 1,033 cm–1 in FT-
IR and Raman spectra, respectively, assigned to vC-OH of
D-glucose, are also related to the increase of glycosylation
upon cancer development.  

The spectral region 900-800 cm–1 reveals information on
the configuration of the sugar-phosphate groups of DNA
backbone. The absorption bands at 841 cm–1 and 845 cm–1
in FT-IR and Raman spectra, respectively, originate from the
sugar-phosphate of DNA backbone and are assigned to B-
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Figure 3. Scanning electron microscopy images showing the morphology of melanoma malignant from a patient who according to clinical history
had titanium alloy tooth implants. A: Misfolded proteins (×160, scale 200 μm). B: Titanium-alloy deposit encapsulated by proteins (×4000, scale
10 μm). C: Mineral deposition aggregates on the surface of protein. 



DNA (32-34). These bands are not observed in the MM
spectra. On the contrary, a band at 816 and 815 cm–1 in FT-
IR and Raman spectra, respectively, is observed which is
attributed to sugar-phosphate groups of DNA arising from
the conformational changes of B-DNA to cancerous Z-DNA
conformation (32-34). In BCC spectra both B-DNA and Z-
DNA configurations coexisted (10). The high intensity band
at 873 cm–1 is attributed to tyrosine amino acid, which is
known as the base of melanin production. The intensity of
this band is reduced in FT-IR spectra of MM, while in
Raman it is observed at 872 cm–1 and is more pronounced. 

SEM-EDX analysis of melanoma. Figure 3A illustrates the
architecture of the surface of melanoma tissues obtained with
SEM. Damaged proteins are clearly visible, in agreement
with the observed spectroscopic data, as mentioned above.
By increasing SEM analysis up to magnification of ×4,000
and scale 10 μm (Figure 3B), one well-lit area with the
dimensions of about 17 μm and 30 μm in width and height
was detected. SEM-EDX elementary analysis showed that
this area was rich in titanium. According to the clinical
history the patient had seven tooth implants made from
titanium (Ti) alloys. It is interesting to note that in the
attempt by the immune system to protect the skin from
exogenous factors, it encapsulated the metal with proteins as
shown in Figure 3B. 

EDX detected the presence of titanium (Ti), iron (Fe),
aluminum (Al), nickel (Ni) and tungsten (W). The above
metals are known to be components of Ti alloys for tooth
implants. Fe, Ti, W and Ni are transition metals, which under
oxidative stress can induce Fenton or Haber–Weiss-like
reactions, leading to excess production of hydroxyl radicals
(HO•), which can interact with biological molecules leading
to significant damage. From the SEM-EDX results, it is also
concluded that redox reactions, which take place during
metabolic activity of the patient, changed the oxidation state
of the implant, which led to bio-corrosion of the Ti alloys
and to an accumulation of the metals at a great distance from
the site of implant. Bio-corrosion of the implant and
transformation of components far from the implantation site
has also been observed in carotid and aortic arteries, as well
as in metastatic bone cancer (35). 

Conclusion

Based on the vibrational spectroscopic data, it is concluded
that cancer affects the structure of the skin at a molecular
level. The increase of the absorption band intensities of
methyl and methylene groups of alkyl chains demonstrates
that the local environment of cancerous skin becomes more
lipophilic as the cancer progresses. The new high intensity
band at 1,744 cm–1 appears to be a diagnostic band for
oxidative stress, inflammation and disease formation. In

addition, the intensity of the characteristic bands at 1,046 and
1,033 cm–1 in FT-IR and Raman spectra are related to
glycosylation of the skin upon melanoma development.
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