
Colorectal cancer stage evaluation using synchronous
fluorescence spectroscopy technique

Ts. Genova1 • E. Borisova1 • Al. Zhelyazkova1 •

N. Penkov2 • B. Vladimirov2 • I. Terziev2 •

O. Semyachkina-Glushkovskaya3 • L. Avramov1

Received: 4 November 2015 / Accepted: 20 June 2016 / Published online: 11 July 2016
� Springer Science+Business Media New York 2016

Abstract In our study we investigate the characteristic differences, with diagnostic

meaning, in the synchronous fluorescence spectra (SFS) of cancerous and healthy col-

orectal tissues, ex vivo. The main observed fluorophores which fluorescence has a

diagnostic meaning are tyrosine, tryptophan, NADH, FAD, collagen, elastin, and por-

phyrines. In the SFS of three colorectal tumours and healthy tissue originated from one

patient we observed the formation of alterations in the fluorescence, which can be

addressed to specific dysplastic changes in the tissues and could be used for tumour stage

evaluation.
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1 Introduction

Cancer is a major health problem worldwide, and the second most common cause of death

following cardiovascular diseases in many world regions. Since elderly people are most

amenable to cancer and the average age of the population is increasing the spread and

incidence of cancer are bound to grow. Colorectal cancer is recognized as the third most

common cancer among the cancer patients (Ferlay et al. 2012). The mortality among the
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colorectal cancer patients is only lower than mortality among the lung, liver and stomach

cancer patients (Bernard and Christopher 2015). The probability for 5-year survival cor-

relates with the cancer stage at diagnosis, varying between 89% for stage I and 9% for

advanced stage cancer (Drouillard et al. 2015). The accurate stage evaluation could be

critical for choosing appropriate treatment for gastrointestinal cancer. Treatments like

surgery, chemotherapy and/or radiotherapy could lead to positive outcome, but also lead to

decreased quality of life. Although those are crucial treatments for late stage cancer, early

stage cancer could be effectively treated with low-invasive, endoscopic and more patient

friendly therapies.

Therefore an early diagnostic of colorectal cancer is essential for a positive treatment

outcome (Drouillard et al. 2015). The standard clinical practice for colorectal cancer

diagnostic at the moment is the white light endoscopy. This method relays entirely on the

physicians experience, subsequently the diagnostic accuracy is of the high definition white

light endoscopy is between 68 and 84% (Rastogi et al. 2011) and varies as much as 30%

between trainees and expert gastroenterologists (Kuiper 2013).

Different optical techniques are under development for their possible implementation in

the standard endoscopy, as an add-on technique for differentiation between healthy and

cancerous tissues (Song and Ang 2014; Fujiya and Kohgo 2013; Johansson et al. 2008;

Hasan and Wallace 2009). Techniques as dye-based chromoendoscopy, narrow-band

imaging and autofluorescence spectroscopy are available for image enhanced endoscopies

(Fujiya and Kohgo 2013).

Chromoendoscopy allows detection of mucosal lesions by revealing distinguishing pit

pattern of the mucosa tissue, however for now its application in the daily practice is time-

consuming and cumbersome (Fujiya and Kohgo 2013; Kiesslich et al. 2001). Narrow-band

imaging is an endoscopic technique that uses narrow bandwidth filters in the red– green–

blue sequential illumination system, which is used for enhanced imaging of the vascular

system; irregular vascular pattern is an essential cancer diagnostic criterion. Recently the

main disadvantages of the narrow-band imaging endoscopy, related to poor light intensity

and dark image, has been overcome and its feasibility into the clinical practice is yet to be

clearly justified (Subramanian and Ragunath 2014). Autofluorescence spectroscopy is one

of the most intensively investigated add-on techniques for endoscopic gastrointestinal

diagnostics, it is a powerful technique for noninvasive analyze of tissues (Hasan and

Wallace 2009; Song and Ang 2014; Fujiya and Kohgo 2013; Johansson et al. 2008; Broek

et al. 2007). Autofluorescence imaging (AFI) is effective as a ‘‘red-flag’’ technique in

improving the diagnostic accuracy of less experienced endoscopists (Tada et al. 2011),

which could reduce unnecessary biopsy sampleing. Some of the major drawbacks of this

technique are high false positive rates, as a result of low selectivity and poor image

resolution (Subramanian and Ragunath 2014; Song and Ang 2014; Aihara et al. 2009). The

optimization of the available systems is mainly directed to noise reduction, color contrast

and development of different parameters and excitation and/ or detection wavelength

algorithms (Aihara et al. 2009; Song et al. 2011).

Colorectal tissue is a multilayered type of tissue, consisted of three main layers mucosa,

submucosa and muscularis propria. The fluorescence of the structural proteins collagen and

elastin arises mainly from the submucosa layer; NADH and FAD are mostly present in

gland cells (located in the mucosa layer), mitochondria and lysosomal granules (digestive

cells), and porphyrin in the mitochondria of red blood cells and gland cells (Aihara et al.

2012). The main endogenous fluorophores responsible for the fluorescence signal in bio-

logical tissues are the structural proteins, enzymes and coenzymes, and amino acids. They
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are listed in Table 1, with their excitation and emission maxima. We expect to observe and

to be able to address their fluorescence in the fluorescence signal of our samples.

Newly developed approach for fluorescence investigation is the synchronous fluores-

cence spectroscopy (SFS). The SFS application and basic theory are presented by Lloyd

(1971) and implemented in biomedical research by Vo-Dinh (2000). The SFS method is

based on simultaneous scanning of both the excitation and emission wavelength, while a

constant wavelength (offset) is kept between them. For a chosen wavelength interval one or

a few relevant spectral features of the investigated sample will be much more pronounced

and resolvable, as a result spectral overlapping is reduced. SFS’s high sensitivity, non-

invasive character and relatively fast performing are the main factors for the rapid wide-

spread exploitation of the method for qualitative and quantitative analysis of food and

beverages.(Pis et al. 2011; Dankowska et al. 2013) The SFS find its application in

biomedical researches as a promising modality for investigation of blood and urine sam-

ples for cancer diagnostic and for differentiation between normal and pathologically

altered cells and tissues (Al-Thunayan 2006; Dramićanin et al. 2012). The diagnostic

potential of SFS for identification and localization of dysplastic tissues has been investi-

gated for breast, cervical and thyroid gland cancers. Conclusions of those investigations

support the superiority of SFS in sensitivity and specificity for differentiating cancerous

and healthy tissue on the basis of their fluorescence spectra (Masilamani et al. 2012;

Giubileo et al. 2005; Jeyasingh et al. 2010). The method enables greater sensitivity and

selectivity, which is one of the main drawbacks of the current AFI modality (Zhang et al.

2015).

We have previously presented our work on detailed investigations of the fluorescence of

tumour and healthy tissues originating from skin (Borisova et al. 2016; Zhelyazkova et al.

2015; Pavlova et al. 2010; Borisova et al. 2014) and gastrointestinal tract (Borisova et al.

2015) and their potential for diagnostic applications. In this article we will present an

unique for our research case of three tumours, with the same histopathological diagnosis,

originating from one patient, which allowed us to observe the fluorescence spectra of

tumours in different stages with eliminated patient-to-patient spectral differences and to

evaluate SFS feasibility to assess the stage of the investigated tumour.

Table 1 Maximum of excitation and fluorescence emission of the main biological molecules which exhibit
endogenous fluorescence in GIT mucosa (Ramanujam 2000)

Endogenous fluorophore Maximum excitation (nm) Maximum emission (nm)

Tryptophan 280 350

Tyrosine 275 300

Elastin 290, 325 340, 400

Collagen 325 400, 405

NADH* 290, 351 440, 460

NADPH** 336 464

FAD*** 450 535

Porphyrines 400–450 630, 690

** NADH nicotinamide adenine dinucleotide, ** NADPH nicotinamide adenine dinucleotide phosphate, ***
FAD flavin adenine dinucleotide
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2 Methods and materials

The investigated ex vivo tissue samples are obtained during standard surgical procedure for

colorectal neoplasia lesions removal, performed in University Hospital ‘‘Tsaritsa Yoanna-

ISUL’’, Sofia. All patients received and signed written informed consent and this research

is approved by the Ethics Committee of the University Hospital ‘‘Tsaritsa Yoanna-ISUL’’,

Sofia. Immediately after the excision the tissue samples are placed in safe-keeping solution

and transported in isothermal conditions from the hospital to the spectral laboratory. The

fluorescence of the safe-keeping solution has been investigated and its intensity is statis-

tically negligible in comparison with the intensity of the investigated tissue

autofluorescence.

The measurements are performed with spectrofluorimeter FluoroLog 3 (HORIBA Jobin

Yvon, France). This systems’ light source is a Xenon lamp with power 300 W, perfor-

mance range of 200–750 nm and PMT detector with performance range of 220–850 nm for

fluorescence detection. Since our samples vary in shape and dimensions, their fluorescence

was investigated with additional fiberoptical module F - 3000 of Fluorolog 3, which allows

investigation of samples outside of the sample chamber.

SFS measurements were performed with excitation wavelength in the spectral range of

280–720 nm and wavelength interval in the range of 10–280 nm with increment of 10 nm.

3 Results

Presented results are obtained after investigation of three different lesions, originating from

one patient and with the same histological diagnosis Ca-Colli Asc. colon cancer. The

fluorescence of the tissue, part from the safety zone excised around the lesions, is given as

a healthy tissue fluorescence.

Main differences observed in the contour maps of SFS for healthy (Fig. 1) and

cancerous tissue (Figs. 2, 3, 4) are in the intensity of the fluorescence originating from the

amino acids tyrosine and tryptophan (exitation at 300 nm and emission at 360 nm), the

enzymes and coenzymes NADPH (excitation at 325 nm and emission at 475 nm), NADH

(excitation at 350 nm and emission at 450 nm) and FAD (exitation at 450 nm and emission

at 500 nm), from the structural proteins elastin and collagen (exitation at 330 nm and

Fig. 1 Contour map of
synchronous fluorescence spectra
of healthy colorectal tissue
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emission at 390 nm) and from pophyrins (exitation at 400 nm and emission at 630 nm).

Those differences arise from the different metabolic state and structural characteristic of

lesions to healthy tissues (Ramanujam 2000). Higher intensity of the tyrosine and

Fig. 2 Contour map of
synchronous fluorescence spectra
of tumour 1

Fig. 3 Contour map of
synchronous fluorescence spectra
of tumour 2

Fig. 4 Contour map of
synchronous fluorescence spectra
of tumour 3
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tryptophan amino acids is a result of their overproduction in cancer cells, concerning

unrestricted cell proliferation and growth (Hirayama et al. 2009). We observe lower

intensity of the fluorescence of NADPH, NADH and structural proteins. Depending on the

site of the investigated cancer higher (Muller et al. 2003) or lower (Lim et al. 2014) levels

of NADH are observed, since cancer cells have different metabolic paths than the typical

for the site cells NADPH’s and NADH’s function and properties changes. Cancer cells use

metalloproteinase enzymes to disrupt the surrounding extracellular matrix for tumour’s

needs for new vascularisation and this results in degradation of structural proteins, hence

we observe lower intensity of their fluorescence in tumour’s spectra (DeClerck 2000).

There is also difference in the fluorescence of FAD as a result of alterated metabolic

pathways (Skala et al. 2007). The observed by us spectral characteristics of tumour and

healthy tissue correlate well with previously reported data (Borisova et al. 2015; Bottiroli

et al. 1995; Barr et al. 1998; Liu et al. 2012; Richards-Kortum et al. 1991).

The observed gradually intensification of the fluorescence of porphyrines is typical for

tumours. Porphyrines are precursures in the cycle of heme synthesis, the inhibited activity of

the enzyme ferrohelatases in tumour’s cells causes bypassing in the heme synthesis cycle,

hence excessive accumulation of porphyrines (Kemmner et al. 2008; Moesta et al. 2001).

For wavelength interval corresponding of the Stoke’s shift of a particular fluorophore in

the investigated sample, the fluorescence maximum of this fluorophore will appear more

pronounced, in comparison with fluorescence maxima of other present fluorophores.

Therefore we have chosen the wavelengths intervals matching the Stokes shift of the main

observed fluorophores as the measurement parameters for SFS, that result in the most

diagnostically valuable fluorescent spectra. The selected SFS spectra are obtained for

wavelength intervals of 60, 90, 120, 240 nm. Figure 5 presents the SFS for offcet 60 nm of

the three tumour samples and healthy tissue, the main peaks are at 350, 400, 450 nm and

corresponds to tyrosine and tryptophan, collagen and NADH fluorescence, respectivley.

Figure 6 presents the SFS for offcet 90 nm of the three tumour samples and healthy tissue,

the main peaks are at 380 and 450 nm and corresponds to tryptophan and NADH fluo-

rescence, respectivley. Figure 7 presents the SFS for offcet 120 nm of the three tumour

samples and healthy tissue , the main peaks are at 450, 630 nm and corresponds to NADH

and porphyrines fluorescence, respectivley. Figure 8 presents the SFS for offcet 240 nm of

the three tumour samples and healthy tissue, the main peaks are at 530, 630 nm and

corresponds to FAD and porphyrines fluorescence, respectivley.

Fig. 5 Synchronous
fluorescence spectra of healthy
tissue and the three tumours for
wavelength interval = 60 nm
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The spectrum from sample tumour 1 is the most similar, among the three tumour

samples, to the spectrum obtained from healthy tissue, but it also showcases spectral

alterations, which we typically observe in tumour tissue spectra higher intensity of the

Fig. 6 Synchronous
fluorescence spectra of healthy
tissue and the three tumours for
wavelength interval = 90 nm

Fig. 7 Synchronous
fluorescence spectra of healthy
tissue and the three tumours for
wavelength interval = 120 nm

Fig. 8 Synchronous
fluorescence spectra of healthy
tissue and the three tumours for
wavelength interval = 240 nm
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amino acids fluorescence and lower intensity of the collagen and NADPH/NADH fluo-

rescence. In comparison of the spectrum of sample tumour 1 with the spectra of samples

tumour 2 and tumour 3, the fluorescence of the porphyrines, which is typical for more

advanced stage tumours, is with much lower intensity. Thus we consider that sample

tumour 1 is a tumor at an earlier stage of development, according to tumours in sample 2

and 3. Further gradually the fluorescence hallmarks of cancerous tissue alterations are

enhanced from sample tumour 2 to sample tumour 3. Therefore we suggest that among the

three investigated tumours tumour 3 is in latest stage of development.

4 Conclusions

The observed differences in the SFS spectra of cancerous and healthy tissues are related to

specific pathologic alterations affecting particular fluorophores; hence they have diagnostic

value, specific for cancerous tissues. We have chosen Stokes shift to match those particular

fluorophores, fluorescence’s specifications to define spectral parameters, with great diag-

nostic value and potential for stage evaluation, out of the resultant SFS spectra. After

statistical evaluation of the significance of the defined parameters we will choose the most

suitable ones for development of a robust diagnostic algorithm for implementation in the

clinical practice with the proper equipment.
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Pis, L., Majek, P., Sádecká, J.: Synchronous fluorescence spectroscopy for differentiating between brandies
and wine distillates. Acta Chimica Slovaca 4(1), 47–58 (2011)

Ramanujam, N.: Fluorescence spectroscopy in vivo. In: Meyers, R. (ed.) Encyclopedia of Analytical
Chemistry, pp. 20–56. John Wiley & Sons Ltd, Chichester (2000). doi:10.1002/9780470027318.a0102

Rastogi, A., Early, D., Gupta, N., Bansal, A., Singh, V., Ansstas, M., Jonnalagadda, S., Hovisc, C., Gaddam,
S., Wani, S., Edmundowicz, S., Sharma, P.: Randomized, controlled trial of standard-definition white-
light, high-definition white-light, and narrow-band imaging colonoscopy for the detection of colon
polyps and prediction of polyp histology. Gastrointest. Endosc. 74(3), 593–602 (2011)

Colorectal cancer stage evaluation using synchronous… Page 9 of 10 378

123

http://www.wcrf.org/int/cancer-facts-figures/worldwide-data
http://dx.doi.org/10.1158/0008-5472.CAN-08-4806
http://dx.doi.org/10.1096/fj.07-8888com
http://hdl.handle.net/11245/1.385781
http://hdl.handle.net/11245/1.385781
http://dx.doi.org/10.1002/9780470027318.a0102


Richards-Kortum, R., Rava, R., Petras, R., Fitzmaurice, M., Sivak, M., Feld, M.: Spectroscopic diagnosis of
colonic dysplasia. Photochem. Photobiol. 53, 777–786 (1991)

Skala, M., Riching, K., Gendron-Fitzpatrick, A., Eickhoff, J., Eliceiri, K., White, J., Ramanujam, N.: In vivo
multiphoton microscopy of nadh and fad redox states, fluorescence lifetimes, and cellular morphology
in precancerous epithelia. PNAS 104(49), 19,494 –9 (2007)

Song, L., Banerjee, S., Desilets, D., Diehl, D., Farraye, F., Kaul, V., Kethu, S., Kwon, R., Mamula, P.,
Pedrosa, M., Rodriguez, S., Tierney, W.: Autofluorescence imaging. Gastrointest. Endosc. 73, 647–650
(2011)

Song, M., Ang, T.: Early detection of early gastric cancer using image-enhanced endoscopy: current trends.
Gastrointest. Interv. 3, 1–7 (2014)

Subramanian, V., Ragunath, K.: Advanced endoscopic imaging: a review of commercially available tech-
nologies. Clin. Gastroenterol. H 12(368–76), e1 (2014)

Tada, K., Oda, I., Yokoi, C., Taniguchi, T., Sakamoto, T., Suzuki, H., Nonaka, S., Yoshinaga, S., Saito, Y.,
Gotoda, T.: Pilot study on clinical effectiveness of autofluorescence imaging for early gastric cancer
diagnosis by less experienced endoscopists. Diagn. Ther. Endoscopy 2011, 7 (2011)

Vo-Dinh, T.: Principle of synchronous luminescence (sl) technique for biomedical diagnostics. Proc. SPIE
3911, 42–49 (2000)

Zhang, X., Fales, A., Vo-Dinh, T.: Time-resolved synchronous fluorescence for biomedical diagnosis.
Sensors 15, 21,746–21,759 (2015)

Zhelyazkova, A., Borisova, E., Genova, T., Pavlova, E., Troyanova, P., Terziev, I., Penkov, N., Avramov,
L.: Polarization-sensitive autofluorescence spectroscopy of non-melanoma cutaneous tumours. Opto-
electron. Adv. Mat. 17(9–10), 1283–1287 (2015)

378 Page 10 of 10 Ts. Genova et al.

123


	Colorectal cancer stage evaluation using synchronous fluorescence spectroscopy technique
	Abstract
	Introduction
	Methods and materials
	Results
	Conclusions
	Acknowledgments
	References




