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Excitation-emission matrices for detection of colorectal tumors —
initial investigations
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Detection and evaluation of cancerous changes in gastrointestinal tract (GIT) are performed with standart endoscopy. Its limitations
are significant challenge and initiate development of novel diagnostic modalities. Therefore many spectral and optical techniques are
applied recently into the clinical practice for obtaining qualitatively and quantitatively new data from gastrointestinal neoplasia with
different level of clinical applicability and diagnostic success. Investigations for new diagnostic techniques by applying spectral and
optical methods in clinical practice show very promising direction for an improvement of the tumour detection. One of the most
promising technologies in this area is the fluorescence spectroscopy. The technique is very topical with its practical application in
intra-operative, image-guided resection of tumors, because it permits minimal surgical intervention and friendly therapeutic conditions.
In our investigation we evaluate the fluorescence of in vitro samples of lesions and healthy tissue of lower gastrointestinal tract.
Autofluorescence of biological tissues is based on endogenous fluorophores response to an excitation in 280 - 440 nm spectral range
and is observed in spectral range 320-550nm. On the basis of the spectral data analysis we try to estimate the options for application of
autofluorescence spectroscopy techniques in clinical practice for in vivo diagnostic of lower GIT tumors. Autofluorescence detection
could make the entire diagnostics procedure more personal, patient friendly and effective and will help for further understanding of
tumors nature and to improve patients’ lives. These investigations are part of the concept to proof the feasibility of such a system
for a real clinical application. Therefore, we plan to gain more significant data base for the main spectral characteristics of lower
GI neoplasia. We foresee as well to develop appropriate algorithms for benign/malignant tissue differentiation, based on the spectral
features, obtained for normal mucosa and colorectal pathologies. Initial results obtained are promising that the specific differences are
observed between normal mucosa and tumor, as well as for dysplasia-tumor pairs.
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INTRODUCTION of the tissues reflect in concentration and appearance
of endogenous fluorophores [2]. Therefore cancer-
ous tissues and tumors exhibit different fluorescence
in comparison with the healthy tissues. Endogenous
fluorophores which have a major contribution in flu-
orescence signal from GIT mucosa depend on the
applied excitation wavelength, but at general they
are amino acids, lipids, enzymes and coenzymes and
some structural proteins. Optimal excitation wave-
lengths and maxima of the fluorescence emissions of
the primary endogenous fluorophores are presented in
Table 1.

Fluorescence signal obtained from the biological
tissue depends not only from the endogenous fluo-
rophores but also from the native pigments — chro-
mophores in the tissues. The chromophore, which
mostly affects fluorescence spectra of GIT mucosa
in the visible range, by absorbing in 400-700 nm, is
hemoglobin [4]. For the needs of clinical diagnostic
of GIT there are just a few existing endoscopic sys-
tems that combines white light and fluorescent mode.
* To whom all correspondence should be sent: Some of them are digestive tract videoscopes, for ex-

ts.genova@gmail.com ample one such produced by Olympus Inc., is used

Colorectal cancer is the third most commonly di-
agnosed cancer and a major cause of cancer-related
deaths worldwide [1]. At its early stage colorec-
tal cancer usually do not reveal significant structural
changes, this characteristic makes its detection and
evaluation with standard endoscopy rather difficult
and strongly related to physician’s experience. Aut-
ofluorescence spectroscopy is one of the optical tech-
niques applied for improving diagnostic sensitivity
of standard endoscopy [2,3]. Light-induced fluores-
cence imaging and spectroscopy are one of the most
sensitive optical approaches for detection of neoplasia
of gastrointestinal mucosa, especially fluorescence
spectroscopy, because of its rapid and highly sensi-
tive response to early biochemical and morphological
changes in the tissues [3]. Autofluorescence signal
of biological tissues depends on endogenous fluo-
rophores presence and concentration. Metabolic and
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Table 1. Maximum of excitation and fluorescence emis-
sion of the main endogenous fluorophores in GIT mucosa.
NADH - nicotinamide adenine dinucleotide; FAD — flavin
adenine dinucleotide

Endogenous Maximum of Maximum of
fluorophores excitation, nm emission, nm
Amino acids

Tryptophan 280 350
Tyrosine 275 300
Porphyrines 400-450 630, 690
Enzymes and coenzymes

NADH 450 535
FAD 290, 351 440, 460
Structural proteins

Collagen 325,360 400, 405
Elastin 290, 325 340, 400

to observe blood vessels in mucous membranes under
infrared light in the regions 790-820 nm and 905-—
970 nm. Another endoscopic system - Xillix-LIFE-
GI, jointly developed by Xillix and Olympus, is ap-
plied for autofluorescence detection of stomach neo-
plasia. In this system blue-light excitation is used
in the range of 400-450 nm, with additional simul-
taneously excitation with red-near-infrared light in
the newer version of the system. Fluorescence sig-
nal is evaluated by two CCD cameras with maxi-
mum sensitivity in the green (480-560 nm) and in
the red (630-750 nm) spectral ranges. Fluorescence
signal is processed and displayed as false-color im-
age in real-time. On those images normal mucosa
appears colored in green and neoplastic mucosa ap-
pears colored in red [5]. Fluorescence technique is
very topical with its practical application in visual-
ization and discrimination of neoplastic tissues dur-
ing open surgical interventions for tumor excision in
lower GIT. This kind of intra-operative, image-guided
resection of tumors permits precise tumor excision
along with minimal surgery intervention and friendly
therapeutic conditions [6,7]. Although several sys-
tems have been developed, the existing clinical limita-
tions are one significant technical challenge and initi-
ate a development of new diagnostic modalities based
on different spectral and optical techniques. Also
the reported specificity is not satisfactory as the rate
of false-positive results in differentiating dysplastic
from inflamed tissues is one of the main drawbacks.
On the way of solving those problems is to find ex-
citation wavelengths that provide fluorescence signal
consisting unique spectral characteristic features, cor-

related with the tissue pathologies and establishing of
a robust algorithm that can extract and compare those
features of the autofluorescence signal. Therefore dif-
ferent research groups work in the direction of opti-
mization of fluorescence detection that could improve
implementation and contribution of the fluorescence
techniques in to the clinical diagnostic practice for
lower GIT tumour detection.

MATERIALS AND METHODS

In our study, we investigated fluorescence of 8
samples of neoplastic tissue and healthy tissues from
5 patients. Normal and tumour’s GIT mucosa sam-
ples are received after surgical excision during proce-
dures for a removal of GIT neoplasia lesions. Normal
tissue investigated is a part of the safety area around
the tumor excised during its removal. Neoplastic tis-
sue in samples has been histological identified in 5
samples as carcinoma, in 2 samples as polyp and in
1 sample as metastatic lymph node. All patients re-
ceived and signed written informed consent and this
research is approved by the ethical committee of Uni-
versity Hospital “Queen Giovanna”, Sofia. After sur-
gical removal biological samples are transported in
isothermal conditions and safe-keeping solution from
the hospital to the spectral laboratory, where their
fluorescence is investigated with point-by-point spec-
troscopy.

For fluorescence measurements we used spec-
trofluorimeter FluoroLog 3 (HORIBA Jobin Yvon,
France). This system allows performance of steady-
state and time-resolved fluorescence measurements
with light source xenon lamp with power 300 W and
performance range 200 - 650 nm and PMT detector
with performance range of 220-850 nm for the flu-
orescence detection. Our tissue samples cannot be
put into a standard cuvette, since they vary in shape
and dimensions. Therefore we use additional fiber-
optic module of Fluorolog 3 — F-3000, which al-
lows investigation of samples outside of the sample
chamber. The measurements of the fluorescence sig-
nals are obtained in a regime of so called excitation-
emission matrices (EEMs) for all tissues investigated.
This three-dimensional fluorescence spectral maps
provides information about the fluorescence spectra
of biological tissue samples, which is needed for de-
termining excitation wavelengths that gave emission
fluorescence spectra containing the most significant
diagnostic information for a further clinical diagnos-
tic analysis.

465



Ts. Genova et al.: Excitation-emission matrices for detection of colorectal tumors — initial investigations

Excitation applied to the samples was in 280—
440 nm spectral region. Fluorescence emission was
measured in the range of 300 to 800 nm. After
the spectroscopic measurement procedure the sam-
ples were kept in a formalin solution.

RESULTS AND DISCUSSION

Fluorescence spectroscopy of gastrointestinal tis-
sues ex vivo demonstrated that autofluorescence spec-
tra depend on the applied excitation wavelength and
tissue type. Different spectral characteristics of aut-
ofluorescence spectra of tumours in comparison with
autofluorescence spectra of normal GIT mucosa give
information about intrinsic sources of fluorescence,
that correlate with the biochemical and morphologi-
cal changes in the neoplastic tissue.

Autofluorescence of the safe-keeping solution,
where the tissue samples are kept during transporta-

tion and autofluorescence of the surface where the
tissue sample is placed during the measurements are
evaluated and signals have been found negligible low
in comparison with the fluorescence intensities de-
tected from the tissue samples themselves for all ex-
citation wavelengths applied in our investigations.

In Figs. 1.a and 1.b are presented excitation —
emission matrices of normal mucosa and of the tu-
mour, in Figs. 1.c and 1.d are presented the autofluo-
rescence spectra respectively for the normal and car-
cinoma tissues from a colorectal part of GIT. Several
major autofluorescence sources could be addressed in
the samples investigated. Those are amino acids —
tryptophan and tyrosine, structural proteins — elastin
and collagen, and their cross-links and coenzymes
NADH and FAD. Their maxima of excitation and
emission are presented in Table 2.

Fig. 1. (a) EEM of normal mucosa; (b) EEM of carcinoma; (c) fluorescence spectra of normal mucosa; (d) fluorescence
spectra of carcinoma from the colorectal area of GIT.
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Table 2. Endogenous fluorophores identified as main aut-
ofluorescence sources in the lower GIT tissues investi-
gated, with their maxima of excitation and emission

Endogenous Maximum of  Maximum of
fluorophores excitation, nm emission, nm
Tryptophan and Tyrosine 280-300 320-360
NADH 340-380 440-480
FAD 340-400 500-530
Collagen and Elastin 320-360 400, 460-500
Protein cross-links 290, 325 340, 400

Coenzymes NADH and FAD are degrading fast in
the tissue samples after their surgical excision, there-
fore the fluorescence arising from those endogenous
fluorophores could be detected only in the freshly ex-
cised samples. Main difference between autofluores-
cence of the normal and tumour tissue is in about two
times lower intensity of the fluorescence signal from
tumour tissue in the spectral range 400 - 600 nm,
where the primary source of fluorescence are struc-
tural proteins and their cross-links. This could be ad-
dressed to decrease of the signal detected in unit vol-
ume of the tissue from collagen fibers and collagen
cross-links. In the case of tumour lesion, the inter-
cellular matrix is relatively loosened, due to increased
tumor cells size and general reduction of collagen and
elastin concentration on volume unit. Similar obser-
vations of fluorescence signal reduction are reported
from different research groups and are proposed to be
used as an indication of tumor lesion presence for di-
agnostic analyses [8,9].

Specific alteration in the metabolic activity in tu-
mour cells causes oxidation of NADH, whose oxi-
dized form NAD+ is non-fluorescent. That lead to
significant loss of fluorescence signal in the 450-
550 nm region. That is another essential difference
between autofluorescence spectra of normal and tu-
mor tissues, which could be applied for differentia-
tion. As a summary the most significant fluorescence
spectra differences are observed for the excitation
wavelengths applied in the region of 300-360 nm,
where NADH and structural proteins have maximum
of excitation, because the alterations in their fluores-
cence spectra are the main difference between aut-
ofluorescence spectra of normal and tumour tissue.
Excitation wavelengths from this range have been in-
vestigated by other research groups as well for the di-
agnostic meaning of the corresponding fluorescence
spectra of normal and neoplastic GIT tissue [9,10].
The results obtained show high sensitivity and speci-

ficity for determining cancerous tissues on the basis
of the obtained fluorescence spectra.

CONCLUSIONS

Implementing fluorescence techniques into the
clinical practice has potential to improve determina-
tion of the site, borders and size of the lesions, not
only for initial diagnostics but also in real-time mon-
itoring of resection procedures and in the personal-
ization of the patient healthcare. One of the main
advantages of fluorescence techniques is that they
are patient friendly, not using ionizing radiation and
could help for further understanding of tumors nature,
which will result in improving patients’ lives. Our ef-
forts are directed towards developing a robust algo-
rithm for processing fluorescence spectra, which will
result in reliable differentiation between normal and
cancerous tissues and to be implemented in practical
clinical diagnostics. This requires gaining more sig-
nificant data base for the main spectral characteristics
of lower GI neoplasia.

Aknowledgments. This work is supported by
the National Science Fund of Bulgarian Ministry
of Education, Youth and Science under grant #
DMU-03-46/2011 “Development and introduction
of optical biopsy for early diagnostics of ma-
lignant tumours”, grant # DO-02-112/2008 “Na-
tional Center on Biomedical Photonics” and grant
# DFNI-B02/9/12.12.2014 “Development of Biopho-
tonics methods as a basis of Oncology Theranos-
tics”. E. Borisova would like to thank to UNESCO-
L’OREAL International Fellowships Programme for
Young Women in Life Sciences for the financial sup-
port of this work.

REFERENCES

[1] A.Jemal, F. Bray, M. Center, J. Ferlay, E. Ward, D.
Forman. CA: A Cancer Journal for Clinicians, 61(2),
69-90 (2011).

[2] J.Q. Brown, K. Vishwanath, G. Palmer and N. Ra-

manujam. Current Opinion in Biotechnology, 20,
119-131 (2009).

[3] K. Tada,I. Oda, C. Yokoi, T. Taniguchi, T. Sakamoto,
H. Suzuki, S. Nonaka, S. Yoshinaga, Y. Saito and
T. Gotoda. Diagnostic and Therapeutic Endoscopy,
(2011)

[4] R. Da Costa, B. Wilson And N. Marcon, Digestive
Endoscopy, 15, 153-173 (2003)

[5] S. Wildi and M. Wallace, “Emerging Tech-

467



Ts. Genova et al.: Excitation-emission matrices for detection of colorectal tumors — initial investigations

niques: Spectroscopy.” in “Barrett’s Esophagus and R. Swijnenburg, A. Vahrmeijer, J Hepatobiliary Pan-
Esophageal Adenocarcinoma”, edited by P. Sharma, creat Sci, 19, 626-637 (2012).
R. Sampliner, John Wiley & Sons, 2008, p. 163. [8] R. Richards-Kortum, R. P. Rava, R. E. Petras, M.

Fitzmaurice, M. Sivak and M. S. Feld, Photochem-
[6] H. Handgraaf, M. Boonstra, A. Van Erkel, B. Bons-

st d Photobiology, 53, 777-786 (1991).
ing, H.Putter, C. Van De Velde, A. Vahrmeijer, and J. zs'ry an ofovlotosy ) . ( ) .
Micog, BioMed Research International, (2014). [9] Liu L, et al., Photodiagnosis and Photodynamic
Therapy, 10, 111-119 (2013).

[7] F. Verbeek, J. Vorst, B. Schaafsma, M. Hutteman, B. [10] LiBH, Xie SS, World J Gastroenterol, 11(25), 3931-
Bonsing, F. Leeuwen, J. Frangioni, C. van de Velde, 3934 (2005).

MATPUIIN HA Bb3BY>KIAHE U ®JIVOPECHEHIINA 3A JETEKTUPAHE HA KOJIO-PEKTAJIHU TYMOPU -
HAYAJIHU N3CJIEOBAHNA

1I. FeHOBal, E. BOpI/ICOBal, JL. AHI‘eJIOBal, An. )KenﬂsKOBal, M. KepMe/:LquBz, b. BJIa,Z[I/IMI/IPOBZ, JL.
ABpaMOBl
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2 Vuusepcumemcka 6onuuya “Llapuya Hoanna” — UCYJI, yn. “Bsino mope” N@8, 1527, Cousi, Beneapus

(Pestome)

IlyarHocTuKaTa Ha HeoIia3uy B 00/1aCTTa Ha raCTpOMHTeCTMHAIHMS TPakT (TUT), ce U3BbPIIIBaA ChC CTAHAAPTHM €HIOCKOTICKY 13-
c/lefBaHMS, YUMUTO OTpaHMUYeHNs ca NIpeATiocTaBka 3a TbPCEHETO ¥ pa3BUTMUETO Ha HOBYU, II0-TOYHY ¥ IIO-UyBCTBUTEIHY AMATHOCTUYHYI
meTonu. T'bpceHeTo Ha HOBYM IMATHOCTUYHM TeXHUKY, Upe3 MpujIaraHe Ha CIIEKTPATHUTE ¥ ONITUYHU METOIM B KIMHUYHATA ITPAKTMUKA
e oberiaBaiiio HarpaBjieHe.

drryopecuieHTHaTa JUArHOCTMKA e eJVH OT Haii-pa3nmpocTpaHeHUTe ONTUYHY MeTOAY 3a AMAarHOCTMKA, C JOOPK MepCreKTUBY 3a
pasBuTHe. MeToIbT ce Mpuiara 3a ro-TOYHO UAeHTHULIMpaHe Ha JIe3Uy U [0 BpeMe Ha oIepanyy, OCUTYpSIBaiiky MMHMMAaIHa Hame-
ca B CbCTOSIHMETO Ha OMEPATUBHOTO IOJIe U LSJIOCTHOTO ChCTOSIHME HA ManyeHTa. ABTodayopeceHIMsITa HAa 6MOTOTMYHUTE ThKaHMU,
I'b/Kalla ce Ha M3TbUBAHETO HAa eHJoreHH dmyopodopu, ce HabmonaBa B quamnasona 320-550 nm u ce mosnydaBa npu Bb3OyKAaHe B
nuamnasoHa 280-440 nm.

B HameTo uscienBaHe oueHsBaMe (uyopecieHIMATa Ha in vitro o6pa3uy ot Jie3un U 3apaBa TbkaH Ha gosieH [UT, 3a ga npoyynm
Bb3MOKHOCTHMTE 32 MPUJIOKEHYE Ha aBTOGIYOpeClieHTHY TeXHUKY 3a KIMHUYHA AYarHocTyka Ha Tymopy Ha I'UT in vivo.

dnyopeciieHIMATa Ha o6pasiuuTe in vitro e uscienBana upes cucremara FluoroLog 3 (HORIBA Jobin Yvon, ®paHIius), KOSTO U3-
M0JI3Ba KaTO M3TOYHMK MOIIHA KceHOHOBa Jjama (300 W., 200-850 nm), nBa OBOJHM MOHOXpOMaTopa, u aeTektop - ®EV ¢ Bucoka
YyBCTBUTETHOCT B o6sactTta 220-850 nm. ABTOdIyopecieHTHUTe CUTHAIM Ca JeTeKTUPAHM Ype3 MeTOAMKATA 3a Olpesie/siHe Ha MaT-
puLM Ha Bb3OykmaHe u duryopecueHIms OT 00pa3iy Ha 3ApaBa ThbKaH, AMCIUIA3UsT ¥ KaplMHOM Ha Je6enoTo yepBo. M3cieqBaHuTe
06pasLy IposIBABAT CrielM(PUUHYM CIIEKTPATHM XapaKTePUCTUKM B 3aBUCUMOCT OT ChCTOSTHMETO Ha ThKAHTa, KATO MOTaT J1a ce oIpeje-
JISIT JUATHOCTUYHO-3HAUMMY 0COOEHOCTH, IIPUIOKUMU B KIMHUYHM QJITOPUTMM 32 AudepeHIManys Ha TaTOOTMYHUTE U3MEHEeHUSs.

ABTOdTyopeciieHTHaTa TeXHMKA MOXKe Ia HalpaBy JMarHOCTMYHATA MpoLieaypa 1no- eheKTHBHA, HEMHBAa3MBHA 1 ChbOGPa3€eHa C MH-
IMBUIYaTHUTE 0CO6EHOCTH Ha manyeHTa. [IpuaokeHMeTo i MosKe J1a TOTIPMHECe 3a I0-406POTO pa3éypaHeTo Ha ChUIHOCTTA HA HEOTl-
JIACTUYHUTE MPOLeCH U NMOL06pSIBaHe Ha KAUeCTBOTO Ha JKMBOT Ha MauyueHTUTe. Haummre ycuaus ca HacOueHM B ITOCOKA Ha CbOupaHe 1
cucTeMaTM3MpaHe Ha CTATUCTUYECKM JaHHM 32 OCHOBHUTE (ITyOpeCIieHTHM XapaKTepUCTUKY Ha Heorutasuu Ha ponuus TUT, kouto ga
ObIAT M3IMOM3BAaHM 33 OCHOBA 3a Pa3BUTHeE Ha IMOAXOSIIN aJITOPUTMU 3a pasrpaHMyaBaHe Ha 34paBa OT TYMOPHA ThKaH.
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