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Description of the work carried out during the STSM:
Skin cancer is one of the most widespread cancers worldwide and its diagnostics and therapy
are topical public health concern. Different optical techniques are applied for investigations on
the nature of skin cancer and some of them are in a process of trail for a clinical diagnostic
procedure implementation, due to their potential for revealing dysplastic tissue alterations and
achieving higher diagnostic accuracy. Confocal fluorescence microscopy (CFM), two-photon
excitation fluorescence microscopy (TPEFM) and second harmonic generation microscopy
(SHGM) have proven their utility in cancer research.
Confocal fluorescence microscopy is an optical method that can provide high-resolution
images, which are obtained trough point light source, specifically a laser, and a pinhole, which is
blocking the out-of-focus-light in front of the detector. This system allows high depth resolution
and non-invasive optical imaging. The confocal microscopy is mostly used in research
laboratories, but there are some systems, which allow its application in clinical environment.
Two-photon excitation fluorescence microscopy is an optical method for imaging, which is
widely used in biomedical investigations. It is based on a non-linear optical effect of
simultaneously absorption of two photons, thus achieves excited state of the absorbing
molecule with an energy corresponding to the sum of the energies of the absorbed photons.
This method allows application of excitation wavelength double the required for excitation of
diagnostically valuable endogenous fluorophores, which results in more efficient depth
penetration of the light in the tissue. In order to achieve effective excitation in the
implementation of TPEFM very high photon-flux densities are required.
The second harmonic generation microscopy is based on the principle of the non-linear
polarization in non-centrosymmetric structures, such structures in the skin tissue are formed by

the organized collagen fibers. After simultaneously interaction of two photons, with wavelength
λ, with collagen structures, photon with wavelength ½ λ is emitted.
During the STSM optical microscopic measurements with a few different modalities were
performed by the grantee Tsanislava Genova, in collaboration with the scientific research group
at the Center for Microscopy - Microanalysis and Information Processing and under the
supervision of Prof. George Stanciu. The provided samples were six samples of skin lesions and
four lesions from gastrointestinal tract tumours. For all samples white light microscopy (WLM),
confocal fluorescence microscopy, with excitation wavelength of 488 nm, two-photon
excitation fluorescence microcopy and second-harmonic generation microscopy, both with 790
nm excitation wavelength, measurements were performed. The measurements were
completed for 10x and 40x magnification, with field of view 1 mm x 1 mm and 250 µm x 250 µm
respectively, for the confocal fluorescence microscopy, two-photon excitation fluorescence
microcopy and second-harmonic generation microscopy measurements. For some samples
different areas with diagnostically peculiar cell formations were investigated. For all groups of
healthy, precancerous and the relevant cancerous tissues 3D images with confocal microscopy
with 40x magnification were obtained. Images from confocal fluorescence microscopy, twophoton excitation fluorescence microcopy and second-harmonic generation microscopy are
presented in false-color.
Description of the main results obtained:
The completed measurements provided images with specific characteristics, whose
diagnostic value through comparison and analysis.
The investigated samples are histological sections from biopsy tissue samples, which were
routinely processed for histological analysis, during which they were stained with hematoxylin
(HE) and eosin. The staining procedure is performed in order to be emphasized specific
alterations in the tissue, which have diagnostic value. The hematoxylin stain binds to DNA and
RNA and in microscopic images appears in dark blue or violet. The eosin stain binds to
structural proteins, in the tissue the most present structural proteins are collagen elastin, in
microscopic images eosin appears in red or pink. Eosin is also fluorophore with characteristic
excitation maxima of 340, 497 and 517 nm and fluorescence maxima at 543 nm. The
fluorescence observed in the confocal microscopic images after excitation with 488 nm
originates from the eosin stain.
On Figure 1 are presented the images of SCC HE-stained tissue sample obtained with white
light microscopy with magnification, confocal fluorescence microscopy, two-photon excitation
fluorescence microscopy and second harmonic generation microscopy. In the WLM image
tumor cells nests invading the healthy dermis of the skin are observed. In the SFM image the
fluorescence originates from the eosin stain, which is bound to the structural proteins. Higher
intensity of the fluorescence in CFM image is observed in the areas of healthy skin tissue, the
reason for this is the abnormal growth of the cancer cells, which causes loss of structural
proteins. In the TPEFM the fluorescence signal is due to the fluorescence of endogenous

fluorophores excited at 390 nm, half the wavelength of the applied excitation wavelength.
Endogenous fluorophores, which can be excited with 390 nm, are the coenzymes NADH and
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Figure 1 Images of HE - stained slide of tissue sample of SCC (Squamous Cell Carcinoma): a)
white light microscopy - 180x; b) confocal fluorescence microscopy – 10x; c) two-photon
excitation fluorescence microscopy; d) second harmonic generation microscopy.
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Figure 2 Images of HE - stained slide of tissue sample of BCC (Basal Cell Carcinoma): a) white
light microscopy - 540x; b) CFM - 40x; c)TPEFM - 40x.

NADPH, the structural proteins collagen and elastin, lipids and melanin. Since our samples
aren’t freshly excised tissues, we don’t expect signal from the coenzymes fluorescence and also
from lipids, because they are lost in the staining procedure. Except fluorescence this image
consist also SHG signal from the collagen. The SHGM image shows only the SHG from the
collagen cross-links in the observed sample, hence we observe SHG only from the healthy part
of the tissue sample.
On Figure 2 are presented the obtained microscopic images with 40x magnification for BCC
tissue sample. On the images aggregations of cancer cells called cancer cells islands with their
specific peripheral palisade or cleft between the cancer island and the surrounding stroma.
Image b), obtained with CFM the characteristic border of the tumour islands and their structure
are highly pronounced. The intensity of the autofluorescence in the TPEFM image is
significantly lower than the intensity of the CFM image, which is typical for cancer tissues, as
the concentration of main tissue fluorophores is lower due to abnormal metabolic activity and
structure. The loss of collagen and the destruction of collagen fibers in the cancerous tissue we
consider being the main reason for not observing statistically significant signal in SHGM image
(not presented here).
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Figure 3 Images of HE - stained slide of tissue sample of MM (Malignant Melanoma): a) white
light microscopy - 540x; b) CFM - 40x; c)TPEFM - 40x.
On Figure 3 are presented the obtained images of MM. Melanocytic cells invading the whole
dermis and epidermis are observed on those images.
The STSM resulted in obtaining a lot of image material, on which further processing will be
performed, for obtaining more detailed analysis.

Mutual benefits for the Home and Host Institution:
The collaboration between the laboratory “Biophotonic”, Institute of Electronics, Bulgarian
Academy of Science and Center for Microscopy – Microanalysis and Information Processing give
the opportunity of the grantee Tsanislava Genova to take a part in performing microscopic
measurements with different techniques. The obtained images added to her knowledge about

optical techniques, which could be applied for cancer diagnostic and the optical properties of
the cancerous tissues. Results will be analyzed further and research publication in specialized
journal would be prepared. The investigations would be added to the PhD thesis research
materials of PhD student Ts. Genova.

Future collaboration with the Host institution:
Future collaboration between the Home and Host institutions was discussed and will be
realized, if an opportunity arises.

Foreseen journal publications or conference presentations expected to result from the STSM:
Further investigations and articles are planned.
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