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Abstract 
Objectives: Fluorescence spectroscopy which can be used for optical tissue diagnosis of tumor pa- 
thology deserves special interest. The purpose of the work was to study blood plasma and tumor 
tissue of men with different forms of prostate tumors by using laser induced fluorescence. Blood 
plasma and tumor tissue of the patients with benign hyperplasia of the prostate (BHP), BHP with 
inflammation, BHP with high grade PIN (BHP with HGPIN) and adenocarcinoma of prostate (CaP) 
have been studied. Results: In case of blood plasma fluorescence, intensity of the plasma proteins 
corresponding peak (340 - 360 nm) was increasing in the following manner: control group → BHP 
→ BHP with HGPIN → CaP. The intensity of the nicotinamide coenzymes correspond peak (440 - 
460 nm) was increased in case of BHP with HGPIN and CaP patients, but decreased in case of BHP, 
compared to control. In case of tumor tissue, the changes of the collagen peak (390 - 400 nm) in- 
tensity have been revealed in all cases of prostate tumor tissues. These alterations point to altered 
collagen biosynthesis levels in different tumor tissues, that reflects the structural changes and 
characteristics of malignant transformation. Also the changes of the nicotinamide coenzymes peak 
(440 - 460 nm) intensity in all spectra of tumor tissues were observed. The highest intensity of the 
peak was observed in the spectra of BHP with HGPIN and in prostate cancer tissue. Conclusions: 
Alterations of the coenzymes peak intensities perfectly reflect and are in accordance with the spe- 
cific energy metabolism of prostate epithelial cells. Normalization of fluorescent spectra from dif- 
ferent forms of prostate tumor tissues has shown that, each form has typical spectral shape and 
ratio of fluorescence peaks intensities. 
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1. Introduction 
Prostate cancer is the most common cancer in men [1] [2]. Prevention and successful treatment of the tumor pa- 
thology require the study of all risk factors and molecular mechanisms that influence progression of the disease. 

Investigation of energy metabolism alterations accompanying malignant transformation of prostate tissue, is 
of current importance, since in epithelial cells of prostate peripheral zone (peripheral zone comprises 70% of the 
prostate gland, and 80% of malignant transformation occurs just on this segment) energy transformation occurs 
specifically, diversely from other types of cancers [3]. 

Most tumor cells demonstrate inefficient aerobic glycolysis with impaired Krebs cycle activity. Therefore, 
carcinogenesis in general is associated with metabolic transformation from energy efficient benign cells to 
energy inefficient cancer cells. Diversely from other Tumors, the complete activation of the Krebs cycle takes 
place (normally these cells reveal partial activity of the Krebs cycle because of high concentration of zinc) on 
the early stage of malignant transformation of the prostate glandular epithelium [1]. Correspondingly, the meta- 
bolic switch from energy inefficient prostate benign epithelial cells to energy efficient malignant ones occur [4]. 
Such changes of energy metabolism in epithelial cells of prostate cancer is the subject of high interest, however 
the mechanism of these changes has not been fully studied yet. 

The optical spectroscopic methods are widely used in cancer research for today [5]. Nowadays, fluorescence 
spectroscopy, which can be used for in vivo evaluation of precancer and cancer processes, deserves special in- 
terest. This method is distinguished for being non-invasive, fast and highly informative. More than that, it can be 
used to evaluate such tissue characteristics, as cellular metabolism level, tissue vascularization, oxygen supply 
and histo-morphological changes [6]. The use of Laser Induced Fluorescence (LIF) as diagnostic method in cli- 
nical diagnostic is topical question for today [7]. 

The purpose of the presented work was to study the blood plasma and tumor tissue of men with prostate tu- 
mors by the laser induced fluorescence method. 

2. Materials and Methods 
For blood plasma fluorescence studies we have studied 4 groups: Patients with benign hyperplasia of the pros- 
tate (BHP), prostate benign hyperplasia with High Grade Prostate Intraepithelial Neoplasia (HGPIN), adenocar- 
cinoma of prostate (CaP) and control group consisted with practically healthy men. 

For tumor tissue fluorescence studies we have also studied 4 groups: with benign hyperplasia of the prostate 
(BHP), benign hyperplasia of the prostate with inflammation, prostate benign hyperplasia with High Grade Pro- 
state Intraepithelial Neoplasia (HGPIN) and adenocarcinoma of prostate (CaP). For all studied groups age of the 
patients was 60 - 75 at primary revealing of tumor and each group consisted of 15 patients. 

The study was approved by the ethics committee of Georgia and blood and tissue samples were collected with 
informed consent from patients. Clinical stage of the disease was diagnosed by the A. Tsulukidze Urology Na- 
tional Centre of Georgia, by means of rectal, histological, and echographic examination of the prostate gland. 

For blood plasma fluorescent measurements blood samples were taken before the surgery. For tissue fluores- 
cence studies fresh tissue samples were gained during the transurethral resection of the prostate. All surgical op- 
erations were performed at the Urology National Centre of Georgia. After surgery, blood and tissue samples 
were immediately taken for LIF measurements (~30 min from surgery). 

Tumor slices for spectral investigation had the following dimensions: surface area of each tumor slice was 0.5 - 
1.0 cm2 and a few millimeters thick, not sectioned with any particular specificity. 2 or 3 cut tumor slices from 
each patient were taken. 

Each sample was placed in a spectroscopic quartz minicuvettes (1 mm path length, total volume 0.25 ml). 
These cuvettes were free of absorption and emission in the spectral range of interest, 330 - 500 nm. 

The same tissue samples were then subjected to post-spectroscopic histomorphological examination. Each 
tissue sample was placed in formalin (10% neutral solution) after it was embeded in paraffin, sectioned (5 UM) 
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and stained (i.e. hematoxylin and eosin). All the procedures were performed according to the standard proce- 
dures. Identification of high-grade PIN was done microscopically. Histomorphology of the tissue samples was 
carried out by uro-pathologist of the Urology National Centre, Georgia. 

Statistical analysis of fluorescence spectra were performed by standard deviation method. P values < 0.05 
were considered to be statistically significant. 

The LIF Spectra Were Obtained by the Following Method 
Samples in spectroscopic quartz minicuvettes were exposed to 337 nm 10 ns pulses from a nitrogen laser at a 
repetition rate of 100 Hz. The energy per pulse was 0.04 mJ. Pulse duration was 10 ns. The beam was focused 
into a spot 100 μm in diameter at the front surface of the sample. For driving the laser beam sample was fixed on 
the translation stage with micrometric travel. Fluorescent emission was collected from the radiating surface spot 
by a system of lenses and focused on the entrance slit of an Oriel LineSpec CCD array spectrometer with an 
MS125TM spectrograph and data acquisition and control software. Emission spectra recorded from 300 to 600 
nm were displayed on a PC monitor and stored as data files. About 2,000 measurements were made per spot per 
sample in these experiments [8] [9]. 

Normalization of tumor tissue spectra was performed by setting the peak intensity value to unity. For each 
tissue type (BHP, BHP with inflammation, BHP with HGPIN, or CaP) mean spectra were calculated from the 
recorded data inside the group. 

3. Results and Discussion 
3.1. Blood Plasma Fluorescence Studies 
The aim of the work was to study the alterations of fluorescence intensities of plasma proteins and reduced nico- 
tinamide coenzymes’ corresponding I and II peaks in the blood of men with prostate tumors (BHP, BHP with 
HGPIN and CaP) by the spectrofluorescent method in order to differentiate prostate tumors and establish the 
relationship between the blood spectra and metabolic changes that is characteristic to prostate tumor. 

It’s known that blood plasma spectrum of practically healthy men is characterised by two fluorescence peaks 
in ultraviolet and visible regions (Figure 1). According to the literary data, the first peak (340 - 360 nm) corres- 
ponds to plasma proteins, and the second one (440 - 460 nm) to the reduced niconiamide coenzymes [10]. It 
must be mentioned here, that the intensity ratio of the first and second peaks represents significant characteristic 
of functional state of an organism [11]. The noticeable difference between the fluorescence spectra of control 
group and the spectra of the patients with prostate tumors has been detected. It has been revealed that in studied 
groups intensity of the first peak was increasing in the following manner: control group → BHP → BHP with 
HGPIN → prostate cancer (Figure 2). In the latter group the intensity of the plasma proteins’ peak was espe- 
cially high (Figure 2(d)). Literary data, as well as our previous investigations have shown that prostate tumors 
are characterized by dysproteinemia. Dysproteinemia is a clinical state characterized by abnormal, often exces- 
sive synthesis of plasma proteins associated with tumor growth (acute phase, DNA-binding and carcinoembryo- 
nic proteins) [12]. Furthermore, it’s also known that content of α and β globulines is increased [13] [14] and al- 
bumin level is decreased in blood plasma [15] [16]. Thus, increased levels of tumor specific proteins in blood of 
men with prostate tumors are in good accordance with our previuous works [17] and to literary data. 

On the next stage of investigation direct dependance between the shape of the fluorescence spectra and the 
type of prostate tumor has been revealed. In particular, in case of blood plasma of men with BHP (Figure 2(b)) 
intensity of the second peak is sharply decreased compared with control. This fact may be due to the activation 
of certain NADH dependent enzyme systems (NADH-oxidases, NADH-dependent dehydrogenases, Cytochrome- 
P450 etc.) as the response of the organism to the formation of benign tumor and consequently to the enhanced 
consumption of reduced nicotinamide coenzymes [18]. It’s also possible that during pathological condition (for 
example, benign hyperplasia of prostate) the metabolism of these substances goes in altered, destructive way. 

Formation of prostate intraepithelial neoplastic (PIN) regions in prostate benign tumor tissue indicates the 
aggraviation of the disease. PIN is some kind of transitional form, when some regions of benign tumor turn to 
“malignant” ones. PIN is divided into two types or grades: low grade (PING1-2) and high grade (PING3-4, PING5-6) 
intraepithelial neoplasia. It is considered that in case of high grade PIN (HGPIN) benign tumor turns into ma- 
lignant one after a certain period of time (3 - 5 years) [19]. 

Our investigations showed that in case of BHP with HGPIN (Figure 2(c)) the shape and intensity of the 
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Figure 1. Fluorescence spectrum of the blood plasma of control group [10]. 

 

 
Figure 2. Fluorescence spectra of the blood plasma of men with prostate 
tumors. (a) Control group; (b) Benign hyperplasia of prostate; (c) Benign 
hyperplasia of prostate with HGPIN; (d) Adenocarcinoma of prostate.      

 
second peak of the spectrum has changed. In particular, the peak took definite shape and the intensity has been 
sharply increased. As for the patients with prostate adeno carcinoma (Figure 2(d)) in the fluorescence spectrum 
of their blood plasma intensity of the second peak was noticeably increased compared with control group (Fig- 
ure 2(a)) and the men with BHP (Figure 2(b)). 

Accumulation of nicotineamide coenzymes (BHP with HGPIN, prostate adenocarcinoma) may be caused on 
the one hand by the disfunction of certain enzyme systems and their reduced activity during the progression of 
the disease [20] and by the changes of energy metabolism of tumor cells on the other [4]. 

It’s known that prostate epithelial cells are characterized by the specific energy metabolism (diversely from 
other hormone-dependent tumors) [3]. The complete activation of the Krebs cycle takes place (normally these 
cells reveal partial activity of the Krebs cycle because of high concentration of zinc) on the early stage of ma- 
lignant transformation of the prostate glandular epithelium [1]. Correspondingly, the metabolic switch from 
energy inefficient prostate benign epithelial cells to energy efficient malignant ones occur [1] [4]. 

From the above mentioned we suppose that restoration of complete functioning of Krebs cycle and respiratory 
chain should result in excess production and accumulation of NADH and NADPH in tumor tissue of men with 
BHP with HGPIN and prostate adenocarcinoma. This phenomenon in our investigations was detected by the 
incresed intensity of the second peak of the plasma spectrum. In case of prostate adenocarcinoma the change of 
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the second peak shape and slight decrease of the peaks intensity, compared with BHP with HGPIN, may be due 
to the enhanced consumption of these coenzymes by the antioxidant systems of the prostate malignant cells [4]. 
This fact should point to the increased defense ability of the prostate malignant cells. 

Our previous investigations have shown that in blood of men with prostate benign hyperplasia intensity of 
lipid peroxidation was increased (~1,5-times) compared to control group. As for prostate adenocarcinoma, lipid 
peroxidation was sharply increased compared with men with BHP (~1,7-times) and dramatically increased com- 
pared with control group (~2,6-times). 

Thus, we suppose that alterations of NADH dependent enzymes activity may be also caused by the change in 
lipid peroxidation intensity [20] This relation is also discussed in other recent works [21] [22]. Thus, accu- 
mulation of nicotinamide coenzymes and rise of the second peak of the spectrum, respectively, may also be due 
to the intensification of lipid peroxidation process. 

3.2. Tumor Tissue Fluorescence Studies 
Investigation of tumor tissues of the patients with prostate tumors using the fluorescence spectroscopy has re- 
vealed changes of the spectral shape and peaks of the obtained spectra, as well as intensities (I) of fluorescence. 

The fluorescence spectrum of the tumor tissue of patients with benign hyperplasia of the prostate (Figure 3) 
has shown shoulder in the range of 390 - 400 nm of the spectrum (I = 0.38), and the peak—in the range of 440 - 
460 nm (I = 0.48) (Table 1). 

We suppose that the shoulder in the range of 390 - 400 nm may correspond to the fluorescence of collagen [7], 
because collagen, as a structural protein and the major component of extracellular matrix, has emission in the 
range of 390 - 400 nm. The 440 - 460 nm emission peak may correspond to the fluorescence of reduced nicoti- 
namide coenzymes (NADH and NADPH), as the similar study results has shown [7] [23]. The above mentioned 
supposition is confirmed by the fact that, generally the autofluorescence of a tissue is induced by collagen, elas- 
tin and reduced nicotinamide coenzymes emissions [24] [25]. 

As for the tumor tissue of men with BHP with inflammation, here the fluorescence spectrum showed small 
peak at 400 - 410 nm (I = 0.55) and sharp peak at 440 - 460 nm (I = 0.87) (Figure 4, Table 1). 

It is significant that in case of BHP with inflammation the intensity of fluorescence in the wavelength range of 
440 - 460 nm was ~2 times higher, compared with benign tumor tissue. Furthermore, the shoulder (390 - 400 nm) 
in benign tumor tissue was slightly moved towards a long wavelength in the spectrum (400 - 410 nm) of benign 
tumor tissue with inflammation. As a result, we can see a small peak, the intensity of which was slightly raised. 

The tumor tissue of men with BHP with HGPIN was studied at the next stage. The fluorescence spectrum of 
tissue of BHP with HGPIN showed again collagen related shoulder (390 - 400 nm), which was slightly shifted to 
the 400 - 410 nm range. The intensity was notably raised in comparison with the benign tumor tissue (I = 0.65). 
The peak at 440 - 460 nm was also noted (I = 0.9) (Figure 5) (Table 1). It is notable that the intensity of fluo- 
rescence in the benign tumor tissue with HGPIN was ~3 times higher, than in the benign prostate tumor tissue. 

 

 
Figure 3. Mean fluorescence spectrum of the tumor tis-
sue of men with benign hyperplasia of prostate.         
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Table 1. Spectral parameters of tumor tissues fluorescence spectra of the men with prostate tumors.          

Object 
(tumor tissue) 

Shoulder 
(wavelength, nm) 

Peak 
(wavelength, nm) 

Fluorescence intensity 
(I, relative units) 

Benign Hyperplasia of Prostate (BHP) 390 - 400 440 - 460 0.38, 0.48 

BHP with Inflammation  400 - 410 
440 - 460 0.55, 0.87 

BHP with HGPIN 400 - 410 440 - 460 0.65, 0.9 

Adenocarcinoma of Prostate 400 - 410 460 - 470 0.45, 0.8 

n=15 (the amount of the patients in each group). 
 

 
Figure 4. Mean fluorescence spectrum of the tumor tissue of men with benign hyperplasia of prostate with in-
flammation.                                                                                    
 

 
Figure 5. Mean fluorescence spectrum of the tumor tissue of men with benign hyperplasia of prostate with HGPIN.  
 
The fluorescence spectrum of the tumor tissue of men with CaP showed slight shoulder at 400 - 410 nm (I = 

0.45) (Figure 6) and sharp peak, which is shifted towards long wavelength, diversely from previous spectra and 
was observed at 460 - 470 nm (I = 0.8) (Table 1). It must be noticed that the slight shoulder at 400 - 410 nm 
conditioned with collagen also repeated in the spectrum of malignant prostate tumor tissue, but it was slightly 
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shifted in comparison with the spectrum (390 - 400 nm) of benign tumor tissue. 
Normalization of all gained fluorescence spectra at 465 nm (Figure 7) clearly shown that each tissue sample 

is characterized with distinct spectral shape. The ratio of peaks maxima is also should be taken into account. So 
the gained tissue spectra are different not only by peak intensities, but also by the spectral line shape and ratio of 
peaks intensities. 

The fluorescence spectra on the Figures 3-6, as well as normalized spectrum (Figure 7), demonstrate that the 
intensity of collagen peak increases following some dynamics: BHP → BHP with inflammation → BHP with 
HGPIN regions and it reaches its maximum in men with benign hyperplasia with HGPIN areas. It must be no- 
ticed that the intensity of collagen peak in case of CaP is a little less, than in the BHP with inflammation and 
BHP with HGPIN regions. 

We suppose that in case of benign hyperplasia with HGPIN regions, the malignant regions, formed in benign 
tumor, need intensified biosynthesis of collagen to develop a stroma, typical for malignant tumor cells [26]. It’s 
quite possible that in case of BHP with HGPIN regions observed peak at 400 nm indicates to the strong biosyn- 
thesis of the collagen [27]. As PIN regions have tendency to become malignant ones, it may be supposed that the 
accumulation of collagen in big amount represents some kind of preparation stage for the transformation 
process. 

Increased intensity of nicotinamide coenzymes peak (440 - 460 nm) in parallel with the aggravation of disease 
(BHP → BHP with inflammation → BHP with HGPIN regions) should be the indication to increased amounts 
of these coenzymes. As for the sharp increase of nicotinamide coenzymes in benign tissue with HGPIN, this 
may be stipulated by the specific type of prostate tumor cells’ metabolism, and corresponding sharp rise of ac- 
tivity of the Krebs cycle on the early stage of malignant transformation. The clear activation of the enzymes of 
mitochondrial glutathione-dependent system (GSH-Px, GR, GSH) during the malignant transformation, also in- 
dicates the increased amount of nicotinamide coenzymes [4]. It’s known that functioning of this antioxidant 
system entirely depends on the concentration of nicotinamide coenzymes (NADH, NADPH) in the area [19]. 

The shift of the nicotinamide coenzymes peak (in the range of 460 - 470 nm) and slight decrease of the inten- 
sity in case of prostate adenocarcinoma (Figure 6), compared with BHP with HGPIN, may be induced by the 
activation of glutathione-dependent enzymes (GSH-Px, GR) during malignant transformation process, and ac- 
cordingly by intensified usage of reduced nicotinamide coenzymes. Considering the fact that the Krebs cycle 
doesn’t function properly in prostate benign tumor epithelial cells, diversely from the case of prostate adenocar- 
cinoma, only slight increase of the nicotinamide coenzymes amount may be assumed. This process was reflected 
by the minimal intensity of the coenzymes peak in the benign tumor tissue spectrum (Figure 3). 

The change of the intensity of collagen peak of the fluorescence spectrum of prostate tumor tissue has been 
revealed. This perfectly reflects the structural changes, characteristic for malignant transformation of tumor tis- 
sue (intensified angiogenesis typical for malignant tumor, stroma development). 

 

 
Figure 6. Mean fluorescence spectrum of the tumor 
tissue of men with prostate cancer.                
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Figure 7. Normalized fluorescence spectra of the different 
tumor tissues of the men with prostate tumors. Fluores-
cence intensity normalized to unity at λ = 465 nm. (A) Be- 
nign hyperplasia of prostate; (B) Benign hyperplasia of pro- 
state with inflammation; (C) Benign hyperplasia of prostate 
with HGPIN; (D) Adenocarcinoma of prostate.            

 
The peak of the reduced nicotinamide coenzymes and the change of its intensity in spectra of tumor tissue 

was revealed. Alteration of the peak intensity, characteristic for nicotinamide coenzymes, perfectly reflects and 
is in accordance with the specific energy metabolism, which should be the characteristic for prostate benign tu- 
mor on the one hand, and for prostate malignant tumor cells on the other. 

Normalization of fluorescent spectra from different forms of prostate tumor tissues have shown that, each 
form has typical spectral line shape and ratio of peaks intensities. This approach presumably will enable us to 
differentiate prostate tumor tissues of different kind (especially prostate benign hyperplasia, prostate benign hy- 
perplasia with HGPIN and prostate cancer). 

4. Conclusions 
Thus, fluorescence spectra of the blood plasma gives the possibility to study living system in vivo without 
destruction of the structural integrity and interruption of natural processes take place in organism. Furthermor, 
recorded spectra allow us to differentiate prostate tumors and judge the disease progression. 

Alterations of nicotinamide coenzymes peak intensities perfectly reflect and are in accordance with the spe- 
cific energy metabolism of prostate epithelial cells. 

The change of the intensity of collagen peak, studied in tumor tissue fluorescence, fully reflects the structural 
changes, characteristic for malignant transformation of tumor tissue. 
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