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Abstract The present work aims to investigates the native
fluorescence and time resolved fluorescence spectroscopic
characterization of oral tissues under UV excitation. The fluo-
rescence emission spectra of oral tissues at 280 nm excitation
were obtained. From the spectra, it was observed that the
alteration in the biochemical and morphological changes pres-
ent in tissues. Subsequently, the Full width at Half Maximum
(FWHM) of every individual spectra of 20 normal and 40
malignant subjects were calculated. The student’s t-test anal-
ysis reveals that the data were statistically significant (p =
0.001). The fluorescence excitation spectra at 350 nm emis-
sion of malignant tissues confirms the alteration in protein
fluorescence with respect to normal counterpart. To quantify
the observed spectral differences, the two ratio variables R;=
I,75/1310 and R,=I5;¢/I523 were introduced in the excitation
spectra. Among them, the Linear Discriminant Analysis
(LDA) of R, reveals better classification with 86.4 % speci-
ficity and 82.5 % sensitivity. The fluorescence decay kinetics
of oral tissues was obtained at 350 nm emission and it was
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found that the decay kinetics was triple exponential. Then the
ROC analysis of fractional amplitudes and component life-
time reveals that the average lifetime shows 77 % sensitivity
and 70 % specificity with the cut off value 4.85 ns. Briefly, the
average lifetime exhibits better statistical significance when
compared to fractional amplitudes and component lifetimes.

Keywords Oral cancer - Fluorescence - Excited state
kinetics - Intrinsic fluorophores - Tryptophan

Introduction

Cancer is a dreaded disease, having continuous increase in the
mortality and morbidity rate in worldwide. In addition to the
20 million existing cancer cases, ten million new cases are
being identified each year. It was reported that the six million
deaths are due to cancer, of which 43 % are due to consump-
tion of tobacco, alcohol, irregular lifestyle, poor food habits
and less care of health condition [1]. Of all the cancers, oral
cancer is the most dominant cancer in developing countries
like India and other south Asian countries. A study reveals
that, oral cancer accounts for 22.9 % cancer deaths in India
and the primary etiology being the usage of tobacco either
smoked or chewed [2]. In spite of various therapeutic ad-
vancements, still the improvement in the survival rate not up
to the expectation.

Oral cancer commonly affects the outer layer of the oral
cavity (palate, lip, mucosa, etc.,) which are generally preceded
by the dysplastic conditions such as erythroplakia and leuko-
plakia [3]. As these preinvasive lesions have the probability of
transforming into malignancy, early detection of the same is
mandatory for the effective treatment. Further, oral cavity is
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highly complex, as its tissues are heterogeneous with respect
to its site and hence their histology, metabolism and keratin
content are differing [3]. Hence, it may be difficult to discrim-
inate different pathological conditions of the oral cavity using
visual inspection and subsequent histological examination [3].
By considering various limitations of conventional biopsy
techniques, many have realized the need for the development
of a non invasive and objective diagnostic technique to im-
prove the existing diagnostic potential and thereby improve
the quality of life and survival rate of the patients [3—5].

Among various optical spectroscopic techniques in partic-
ular, fluorescence spectroscopy have been established as the
promising diagnostic tool in cancer diagnosis to probe the
biochemical and morphological conditions of normal and
diseased state of tissues [4]. Tissue consists of several
endogeneous fluorophores such as tryptophan, tyrosine, phe-
nylalanine, and Nicotinamaide Adenine Dinucleotide of re-
duced form (NADH), Flavin-Adenine Dinucleotide (FAD),
collagen [5—7]. Fluorescence associated with these molecules
is reflective of their concentration and distribution as well as
the photophysicochemical properties of their environment [5].
Of all the endogenous fluorophores, tryptophan is the pre-
dominant emitting fluorophore in tissues under UV excitation
than tyrosine [8]. Tryptophan is the essential amino acid in
human metabolism and the alteration of this amino acid level
can be used to probe the diseased state of cells and tissues. It is
also known to be the popular fluorescent probe which there by
access different conformational state and structural heteroge-
neity of the protein [9-12].

Photophysical properties of various intrinsic biomolecules
and its structural alteration is found to be a useful parameter to
extract the additional information about their functional state,
morphology and its local microenvironmental alteration in
tissues [13]. Thus, the photophysical characterization of tryp-
tophan is necessary to understand the internal dynamics of
protein under malignant transformation of oral tissues and it
can be used to study the conformational and microenviron-
mental changes in cells and tissues. Many have reported on
the diagnosis of various neoplastic conditions by probing
endogenous fluorophores in tissues of different anatomical
sites viz. G.L.tract [14, 15], breast [16, 17], cervix [13, 18],
stomach [19] and oral cavity [4, 20, 21] using steady state
fluorescence spectroscopy [22]. In addition to the convention-
al steady state fluorescence spectroscopy, other complemen-
tary techniques have also been reported [21, 23]. Though
fluorescence spectroscopy is well established technique, var-
ious limitations such as dependent on lamp intensity, concen-
tration of fluorophores and photo bleaching tend to look for
alternate modality to overcome this limitation.

In the last decade, time resolved fluorescence technique
[22] has been emerged as an effective tool in cancer diagnosis
due to its unique characteristics such as independent of
sample concentration, lamp intensity and to study overlapping
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fluorescence. Further, advantages like its high sensitivity to
local microenvironment (temperature, pH, viscosity and po-
larity) and ability to study fluorophores having same emission
wavelength with different fluorescence decay makes this tech-
nique more attractive [24]. Under these circumstances, it
warrants to note that protein fluorescence is highly sensitive
to tissue structure and cellular metabolism. This is because,
fluorescence of tryptophan in tissues is highly sensitivity to
local environment and their different conformation states of
protein [9, 10]. Alternatively, lifetime spectroscopy in cancer
diagnosis recently gained more interest to probe the native
fluorophores in its excited state kinetics.

For instance, Swaminathan et al. [10] have extensively
studied the photophysical properties of single as well as multi
tryptophan both in its native and random coil state using
fluorescence lifetime spectroscopy. In addition to that, Pan
et al. [11] investigated how the polarity of the indole ring
structure affects the native fluorescence as well as the fluores-
cence decay kinetics of the same. Very recently, Albani et al.
[12, 25] investigated extensively on the origin of tryptophan
fluorescence lifetimes in water as well as in proteins. They
showed that the third fluorescence lifetime component arises
depending upon the solvent when tryptophan interacts with
the hydrophilic or hydrophobic chemical structure present in
water. Subsequently, it was also reported that the tryptophan
fluorescence decay in proteins can only be explained with
triple exponential lifetime.

Based on this, Tata et al. [26] investigated the steady state
and excited state kinetics of normal and cancerous in vitro rat
kidney tissues using mode-locked argon ion pulsed laser
system at 353 nm in the wavelength region of 500-550 nm
and 550-600 nm which reveals changes in lifetimes with
respect to changes in the local microenvironment of the tis-
sues. The decay kinetics of benign and malignant breast
tissues at 310 nm excitation was investigated by Pradhan
et al. [27]. From the study, it reveals that the decay kinetics
was fitted with bi-exponential and hence the two lifetimes
obtained (slow and fast components) discriminates the malig-
nant from benign tissues.

Subsequently, the study was extended to in vitro studies on
metastatic and non-metastatic cell lines from different species
were investigated under UV (310 nm) and visible excitation
(350 nm) wavelengths. The decay kinetics at 350 and 450 nm
were due to tryptophan and NADH respectively [8]. An
in vivo study on fluorescence lifetime spectroscopy of normal
and pre malignant human oral tissues at 405 nm excitation was
observed and subsequent statistical analysis of the same re-
veals that the good discrimination between normal and pre-
malignant oral tissues is observed [28]. Recently, Meier et al.
[29] investigated the time-resolved laser-induced fluorescence
in head and neck carcinoma using 337 nm pulsed laser
source as excitation. It was observed that at 390 nm, it shows
better discrimination than other wavelengths. Similarly, many
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reported on various kinds of tissues such as cortical sarcoma
[30] heart [31], lung [32], and skin [24] tissues either in vivo
or in vitro conditions. To the best of our knowledge, limited
number of studies has been reported on decay kinetics of oral
tissues. Further, to interpret the internal dynamics of protein in
tissues under different microenvironment, it is essential to
probe the photophysiochemical properties using native fluo-
rescence and time resolved fluorescence spectroscopy.

In this context, the present work aims to investigate the
native fluorescence and time resolved fluorescence spectros-
copy of normal and malignant oral tissues at 350 nm emission
to findout whether this modality exhibits any diagnostic po-
tential or not. In addition to this, attempts have also been made
with the help of statistical analysis of raw data using SPSS
19.0, to discriminate malignant from normal tissues.

Materials and Methods
Tissue Sample

In this study 22 normal and 40 malignant oral tissues of
different pathological conditions were obtained from patients
attending the Government Arignar Anna Cancer Hospital,
Kancheepuram, Chennai, India. The consent forms were prop-
erly obtained from the patients and hospital review board was
approved to obtain the samples from the corresponding hos-
pital. Immediately after resection the tissue samples were
rinsed with 0.9 % physiological saline (pH=7.4) and stored
at 4 °C in an ice box until the fluorescence and time resolved
fluorescence experiments which took place within 4-5 h of
resection. At the time of measurements, the sample was
thawed and was kept moistened with saline. The tissue sample
was placed in a sample holder and their corresponding mea-
surements were performed [33].

Fluorescence Spectroscopic Characterization

The native fluorescence spectroscopic characterization of tis-
sues was carried out using spectroflurometer of model
Fluoromax-2, SPEX, Edison, New Jersey, USA. The excita-
tion source, 150 W Ozone free Xenon arc lamp, coupled to the
monochromator, delivers light to the sample at a desired
wavelength and the fluorescence emission from the sample
were collected by an emission monochromator connected to a
photomultiplier tube (R928P; Hamamatzu, Shizuoka-Ken,
Japan). The gratings on the excitation and emission mono-
chromators had a groove density of 1,200 grooves/mm ™' and
were blazed at 330 nm and 500 nm, respectively. Excitation
and emission slit width were fixed as 5 nm. The acquisition
interval and the integration time were maintained as 1 nm and
0.1 s respectively [6, 7].

Fluorescence Lifetime Measurements

Lifetime measurements were made using Time Correlated
Single Photon Counting (TCSPC) System on Fluorolog-3
(HORIBA Jobin Yvon, INC, Edison, NJ) by exciting the
sample using 280 nm Nano LED (Pulse Width: <1 ns), with
a fast response red sensitive PMT(R928P, Hamamatsu
Photonics, Shizuoka-Ken , Japan) detector. The fluorescence
emission was collected at 90° angle from the path of the
excitation light source. The electrical signal was amplified
by a pulse amplifier (Model No. TB-02, Horiba) fed to the
single channel constant fraction timing discriminator (Model
No. 6915, Philips Scientific, Mahawah, NJ). The first detected
photon was used as a start signal by a time-to-amplitude
converter (TAC), and the excitation pulse triggered the stop
signal. The multichannel analyzer (MCA) recorded the repet-
itive start-stop signals from the TAC and generated a histo-
gram of photons as a function of time-calibrated channels
(55.7 ps/channel) until the peak signal reached 10,000 counts
for 350 nm emission. The instrument response function was
obtained using the Rayleigh scatter of Ludox-40 (40 weight
percentage suspension in water; Sigma-Aldrich) at 280 nm
excitation. Decay analysis software (DAS6 v6.0, Horiba) was
used to extract the lifetime components. The goodness of fit
was judged by chi-square values, Durbin-Watson parameters,
as well as visual observations of fitted line, residuals, and
autocorrelation functions [34]. The average lifetime (T )
with amplitude (« ;) and lifetime T;, i =1, 2, 3 were calculated
using the following Equation.

3

QT :

_ i=1 !
Tavg - 3

Zi:lai Ti

Statistical Analysis

Introducing Ratio Variables

To quantify the results and estimate the diagnostic potentiality
of the present technique, two ratio variables were introduced.
These ratio parameters were computed using fluorescence
intensities at different excitation wavelengths, whose signifi-
cant variation in the spectral signatures were observed [6].

Linear Discriminant Analysis

The Linear Discriminant Analysis (LDA) were also per-
formed as described by our earlier reports [6, 7] for two ratio
variables (R;=I,75/I319 and R,=I310/I355). The analysis was
performed across two groups, tissues from 22 normal subjects
and 40 oral malignancy subjects were histopathologically
confirmed as cancer patients. The LDA was performed using
SPSS-19.0. The discriminant analysis used a partial F-test (F
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to enter 3.84; F to remove 2.71). The classification function of
one group could discriminate another group in the analysis. To
check the reliability of our analysis, leave one-out cross-
validation (LOOCV) was used. In this procedure, discriminant
scores of one particular case were eliminated and discriminant
analysis was used in the analysis. The resulting algorithm was
then used to classify the excluded case. This process known as
leave-one-out cross validation or jack knife cross-validation
provided optimal use of a small data set to validate the
performance of a decision surface without bias. Sensitivity
and specificity values were determined by comparing the
spectroscopic classification with histopathological examina-
tion [6, 35].

Receiver Operator Characteristic Analysis

Receiver operator characteristic (ROC) curve was plotted for
fractional amplitudes (A;, Ar and Ag), component lifetime
(1, Tr and Tg ) and average lifetime (T,y,) to determine the
optimal cutoff value that would give the maximum sensitivity
and specificity. The area under the curve (AUC) for each ratio
variable was also calculated. The AUC must be close to 1 for
maximum discrimination efficiency [6].

Results
Fluorescence Spectroscopic Characterization of Oral Tissues

Tryptophan has been used as the primary fluorescence probe
in studying the protein in its native state. The averaged fluo-
rescence emission spectra of oral tissues at 280 nm excitation
were shown in Fig. 1. From the figure, it was observed that the
normal tissue emission intensity was higher than that of ma-
lignant tissues and the broad emission band was observed in
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Fig. 1 Averaged fluorescence emission spectra at 280 nm excitation of
oral normal and cancerous tissue
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the wavelength region of 330 nm—350 nm. The minor humps
were observed at 439 nm and 451 nm. It may be due to the
presence of NADH and at 467 nm a hump may be due to lamp
peak.

In order to assess the spectral variations accurately, the
normalized emission spectra of normal and malignant oral
tissues were shown along with their difference spectrum in
Fig. 2a. From the normalized emission spectra, it was ob-
served that there was no shift in the spectrum with respect to
normal and malignant oral tissues. The difference spectrum
along with the normalized spectra shows a positive variation
at 410 nm and negative variations at 335 nm and 460 nm
respectively. In short, the spectral region at 330-350 nm
which shows negative valley confirms the significant spectral
variation in the fluorescence emission spectra.
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Fig. 2 (a) The normalized fluorescence emission spectra of normal and
cancerous oral tissue with their difference spectrum and (b) the FWHM
values of averaged fluorescence emission spectra for normal and cancer
oral tissue at 280 nm excitation



J Fluoresc (2014) 24:613-623

617

The FWHM analysis was carried out for every individual
recorded fluorescence emission spectra for 20 normal and 40
malignant tissues as shown in Fig. 2b. From the figure, it was
observed that the FWHM value of normal tissues was higher
than that of malignant tissues as their values were 86.87+
15.33 nm and 71.02+£16.36 nm respectively. The student’s t-
test analysis reveals that the data were statistically significant
(p=0.001).

The averaged fluorescence excitation spectra of normal and
malignant oral tissues were shown in Fig. 3a. The excitation
spectra were recorded in the wavelength region of 250—
330 nm by fixing the emission monochromator at 350 nm.
From the spectra, it was observed that the normal tissues
exhibit higher fluorescence emission intensity than that of
malignant tissues and the peak at 293 nm may be attributed
to absorption of tryptophan. The spectrum exhibits an
isosbestic point at 302 nm and from 302 nm to 316 nm
exhibits higher fluorescence emission intensity than that of
normal. Subsequently, after 317 nm the normal dominates the

malignant one. Further, a spectral shift was clearly observed in
the excitation spectral profile. To account the spectral shift
accurately, the excitation spectra were normalized and the
corresponding difference spectra shown Fig. 3b.

From the Fig. 3b, the normalized malignant excitation
spectra shows a spectral shift of 7 nm with respect to normal
tissues. This spectral shift can be attributed due to altered
biochemical, morphological and conformational changes of
the corresponding protein. The difference spectrum shows a
positive peak in the region of 250-296 nm and a negative dip
at 310 nm. Further, the difference spectrum at 296 nm and
321 nm show null difference. These spectral shifts clearly
confirm the changes in the protein fluorescence due to the
transformation of normal cells to malignant conditions.

To quantify and characterize the general features of the
fluorescence emission spectral differences between normal
and cancer subjects, two ratio variables I,75/151¢ and I310/I1328
were introduced in the fluorescence excitation spectra at
350 nm emission. The mean and p value calculated using
student’s t-test were shown in Table 1. The student’s t-test of
both ratio variables exhibits higher significance with p value
of 0.000. Further, the LDA was performed across 22 normal
and 40 malignant subjects for the above two ratio variables
using Leave-one-out Cross Validation method. From the
Fig. 4a, it is observed that the ratio variable R; discriminates
the cancer oral tissue from their normal counterpart with
86.4 % specificity and 82.5 % sensitivity whereas the ratio
variable R, discriminates with 86.4 % specificity and 70 %
sensitivity (Fig. 4b). Among the two ratio variables, it is
further observed that R; discriminates with better sensitivity
and specificity than that of R,.

Time Resolved Fluorescence Spectroscopy Characterization
of Oral Tissues

The alteration in the protein conformation and local microen-
vironment could be analyzed with respect to its corresponding
changes in the lifetime values and its amplitudes. In this
regard, to probe the conformational changes in protein fluo-
rescence, the fluorescence decay kinetics of oral tissues were
obtained at 350 nm emission using 280 nm excitation (Fig. 5).
The decay kinetics were fitted using the Decay Analysis
Software (DAS). The mean, standard deviation and P value

Table 1 Mean, standard deviation and p value of ratio variables (R;=
Lb75/1310 and Ry=I3;¢/1355) for normal and malignant oral tissues
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Fig.3 (a) The averaged fluorescence excitation spectra and (b) normal-
ized excitation with their difference spectra of normal and cancerous oral
tissue at 350 nm emission

Ratio parameter Mean + SD Student’s t-test
(P Value)
Normal Cancer
R1:1275/I310 1.193+0.221 0.843+0.200 0.000
R2:l310/l328 1.180+0.360 1.686+0.488 0.000
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of fractional amplitudes, component lifetime and average
lifetime are tabulated in Table 2.

Component Lifetime and Fractional Amplitudes

The intermediate component (T;) for normal tissue showed
2.22+0.46 ns and malignant tissue showed 2.01+0.58 ns. The
average lifetime of normal tissue shows 0.21 ns difference
with respect to malignant tissues and student’s t-test was not
significant (p =0.114). The fast lifetime component (Tf) for
normal tissues exhibit 0.88+1.59 ns lifetime, which is shorter
than that of the malignant tissues 1.30+1.60 ns. The student’s
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No. of Samples

t-test show that the data was not significant (p =0.324). The
slow component lifetime for normal tissue showed longer
lifetime (15=6.50+1.06 ns) than that of malignant tissues
(t5=6.06+0.749 ns). The student’s t-test was computed with
the p value of 0.061. Briefly, it was observed that normal
tissue shows longer fluorescence decay time when compared
to malignant tissues except for fast component lifetime (Tf).
Fractional amplitudes of the corresponding lifetime for
intermediate component amplitude (A;) of normal and malig-
nant tissues were 33.02+9.28 (%) and 31.03+10.78 (%) re-
spectively. It reveals that the equal contribution of photons
was observed for normal and malignant tissues. The amplitude
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Fig. 5 Typical decay kinetics of normal and malignant oral tissues at
350 nm emission

(AF) of the fast component was 33.77+17.19 (%) for normal
samples and 30.77+19.5 (%) for its malignant counterpart.
The amplitudes for both short and intermediate components
were higher in normal than that of malignant tissues. For slow
component (Ag) the amplitude for normal shows 33.21+12.69
(%) and malignant show 38.20+15.05 (%). The amplitude
distribution of malignant show higher photon counts than that
of normal. In contrast, third component amplitude shows
reverse photonic distribution when compared to the interme-
diate and fast component amplitudes. The student’s t-test
reveals that the fractional amplitudes were not statistically
significant.

Changes in Average Lifetime

The average lifetime for normal samples exhibits longer life-
time (Ty=5.06+0.31 ns) than that of malignant tissues (Ty=
4.77+0.23 ns) with the difference of ~0.30 ns and the stu-
dent’s t-test show higher statistical significance (p =0.001).
Further, the component lifetime and amplitudes were analyzed
using Receiver Operator Characteristics (ROC) curve. When
compared with component lifetime and amplitudes, average

lifetime reveals better sensitivity and specificity. Thus, the
average lifetime may also be used to discriminate normal
and malignant tissues.

Receiver Operator Characteristics (ROC) Curve Analysis

The component lifetimes (1, T and Ts ) and fractional am-
plitudes (A;, Ar and Ag) were analysed using the ROC ana-
lytical tool (Table 3). Among photonic contributions of am-
plitude and lifetime, the average lifetime shows better sensi-
tivity and specificity to discriminate cancer from normal. The
average lifetime (Tavg) shows 77.3 % Sensitivity and 70 %
Specificity with the cut off value 4.85 ns (Fig. 6)

Discussion

In cancer diagnosis, for the past few decades fluorescence
spectroscopy has been considered as an effective tool to
monitor the functional, morphological and structual charac-
teristics of several endogenous fluorophores in tissues [4, 5].
Fluorescence spectroscopy was successfully applied in oral
cancer diagnosis and achieved 80-100 % sensitivity with
specificity [4]. During neoplastic progression in oral cavity
show remarkable differences in spectral signature of the
fluorophores. Among various endogenous fluorophores, due
to its greater importance in natural proteins, tryptophan is one
among the fluorophores which was extensively studied both
theoretically and experimentally [9—12]. In this regard, the
present study investigates the native fluorescence and time
resolved fluorescence spectroscopy of normal and malignant
oral tissues to probe the internal dynamics of protein under
UV excitation.

Fluorescence emission spectra of oral tissues showed a
major peak emission at 340 nm and it may be due to trypto-
phan. The reason for the fluorescence emission intensity of
normal dominates the malignant tissues may be due to its
biochemical and morphological changes in protein fluores-
cence on the prognosis of normal to malignant condition [4].
In addition to that, the FWHM of malignant tissues show

Table 2 Mean fractional amplitudes (A;, Ar and Ag) and component lifetimes (Tj, Tg, Ts and Tay, ) for decay kinetics of normal and malignant oral

tissues

Samples Intermediate component Fast component Slow component Average Lifetime
T (ns) Ap (%) Tr (ns) Ag (%) Ts (ns) As (%) Tavg (15)

Normal 2.22+0.46 33.02+9.28 0.88+1.59 33.77£17.19 6.50+1.06 33.21+12.69 5.06+0.31

Cancer 2.01+0.58 31.03+10.78 1.30+1.60 30.77+19.51 6.06+0.749 38.20+15.05 4.77+£0.23

P Value 0.114 0.448 0.324 0.876 0.061 0.171 0.001

t=Lifetime in nano seconds

A=Amplitude in percentage
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Table 3 Area under the curve (AUC) for fractional amplitudes (A}, Ag
and Ag) and component lifetimes (Ty, Tr, Ts and Tyyg)

Test Result Area  Std. Asymptotic  Asymptotic 95 %
Variables (S) Error*  Sig. ® Confidence Interval
Lower Upper
Bound bound
A 0.559 0.075 0.444 0.412 0.706
Af 0.550 0.074 0517 0.406 0.694
Ag 0412 0.073 0257 0.269 0.556
T 0.606 0.074  0.169 0.462 0.751
T 0393  0.080 0.164 0.237 0.549
Ts 0.622 0.074 0.114 0.478 0.767
Tave 0.783  0.058  0.000 0.669 0.897

#Under the nonparametric assumption

°Null hypothesis: true area=0.5

narrow band emission spectra than that of normal counterpart.
So, the FWHM value decreases when normal tissues progno-
sis to malignant condition. This may be attributed to the
possible changes in concentration of amino acids present in
tissues. This clearly indicates that the location of key amino
acid, tryptophan changes with respect to its tissue transforma-
tion and particularly unfolding of proteins. The student’s t-test
analysis of FWHM was statistically significant (P=0.001).
The alteration in protein fluorescence can be effectily stud-
ied using fluorescence excitation spectroscopy. The averaged
excitation spectra at 350 nm emission exhibits a major peak at
293 nm which may be due to the absorption of key amino acid
tryptophan/tyrosine [5]. Previously, Yang et al. [36] reported
that the excitation spectra of breast tissues show significant
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Fig. 6 Receiver Operator Characteristics (ROC) curve for Component
Lifetimes (Tj, T and Tg), Fractional Amplitudes (A, Ar and Ag) and
average lifetime (T,y)of Oral tissues
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difference between normal and malignant subjects and also
the peak in the excitation spectra was due to optical absorption
of tryptophan/tyrosine. Similarly, Ganesan et al. [5] reported
that the excitation spectra of normal and malignant epithelial
cells also show that alteration in protein fluorescence.

Hence, the changes in the spectral intensity of normal and
malignant oral tissues were due to changes in the optical
absorption by amino acids and the proteins. Also variation
in the concentration of tryptophan and its residues present in
malignant tissues may be the reason for red shift in malignant
tissues with respect to normal counter part [5]. The decreased
absorption below 296 nm and increased absorption above
296 nm for malignant tissues when compared with normal
cells indicates certain conformational and microenvironmen-
tal changes in the amino acid residues in proteins [5, 36].
Similar variation was observed in the difference spectrum
which showed negative valley at 310 nm. The negative band
(296-321 nm) indicates that the changes in the molecular
environment in tissue protein.

Based on the above investigation, it was evident that the
excitation spectroscopy of oral tissue serves as the indicator
for the conformational changes in the cellular/tissue level of
proteins. Further, LDA of two ratio parameters (R;=I,75/I31
and R,=I3,¢/I3,5) were introduced to discriminate malignant
from normal tissues for statistical significance. Among them
R, provides better sensitivity and specificity of discriminating
malignant from normal tissues. Thus the excitation spectra of
oral tissues at 350 nm emission confirms the possible
microenivronmental changes took place. This interesting fact
leads to extend the study to obtain the decay kinetics of oral
tissues in order to probe the conformational changes in the
protein fluorescence under two different microenvironments
and to study its excited state kinetics of key fluorophore.

Time Resolved Fluorescence Spectroscopy of Oral Tissues

Recent technological advancement in fluorescence lifetime
reveals that time resolved fluorescence spectroscopy has been
effectively considered by the medical community in order to
obtain additional information owing to protein fluorescence.
Although it has an added advantage in analyzing biochemical
alterations of biological tissues and fluids accurately, to the
best of our knowledge limited number studies were reported
in oral tissues. Previously, Chen et al. [28] had investigated the
normal and premalignant oral tissues in vivo using hand held
optical probe at 633 nm emission. It was observed that the
decay kinetics was fitted with two exponentials, hence two
lifetimes were observed. The longer lifetime may be due to
PPIX and shorter component lifetime not known accurately.
Meier et al. [29] studied the time-resolved fluorescence
spectroscopy of Head and Neck Squamous Cell Carcinoma
(HNSCC) at 337 nm excitation and reported that the lifetime
values were differing between normal and cancerous tissue at
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390 nm and 460 nm emission. Subsequently, the same group
had also investigated the time resolved fluorescence spectros-
copy of Hamster Buccal pouch animal tumour model [37] and
reported that the lifetime at 460 nm was 1.44 ns for healthy
mucosa, 1.25 ns for dysplasia, 1.28 ns for CIS and 1.34 ns for
carcinoma. However, the lifetime values for 380 nm and
635 nm emission do not show any statistical significance.

To the best of our knowledge, it is the preliminary report on
time resolved kinetics of in vitro oral tissues at 350 nm under
UV excitation. In this context, the present study investigates
normal and malignant oral tissues excited at 280 nm excitation
(Nano LED 280 nm) and the emission was recorded at
350 nm. As reported previously, tissues under UV excitation
was dominated by tryptophan than tyrosine. Tryptophan is
extensively considered as one of the popular fluorescent probe
to understand different conformational states and structural
heterogeneity under different physicochemical conditions.
This is because of its indole chromopore which is highly
sensitive to the local environment makes much easier to study
the local structure and its dynamics [9, 10]. Thus it is neces-
sary to study the photophysical properties of tryptophan in
oral cancer to obtain the internal dynamics of tryptophan. For
a number of years, there has been a problem associating with
the tryptophan lifetime in water as well as in proteins whether
it is double or triple exponential.

In this regard, it is also reported that single tryptophan
residues in a protein or peptide exhibits multi exponential
decay and their corresponding amplitudes depend on emission
wavelength. For example, the two fluorescent lifetimes of
tryptophan in water at pH 7 is due to its dependence upon
the structural complexity of tryptophan where the local envi-
ronment of the indole chromophore also varies substantially.
Hence, the heterogeneity was mainly associated with the three
rotamer of tryptophan structure involving C, and Cg bonds
related to long lived component of the indole excited state [9,
10]. Also, the shorter lifetime component may be due to
rotamers in which the indole is closer to carboxyl group. The
time resolved fluorescence emission of tryptophan in water
undergoes multi-exponential decay even at room temperature
and its lifetime value varies from 0.014 to 9.8 ns [9, 10].

In this way, the physical interpretation of multimodal dis-
tribution of tryptophan in its native state could be the indicator
for various situation such as alteration in the rotamer state of
tryptophan residue, changes in protein conformation of tryp-
tophan residue due to variation in microenvironment or longer
decay in microstate and fluctuation in the local environment of
tryptophan residue in case of multi-tryptophan protein [10].
As tryptophan itself exhibits multi exponential decay in water,
the analysis of decay kinetics of tryptophan in tissues makes it
difficult to analyse the multiple lifetime correlation with tryp-
tophan residues and its various conformational state [9—12].

In these circumstances, it is very difficult to monitor the
changes in protein conformation exactly in its native state.

Hence, the observed decay kinetics were fitted with three
exponentials exhibiting three lifetimes and three fractional
amplitudes. The decay kinetics justifies the tri-exponential fit
as single or double show higher chi-square value. The ob-
served three lifetimes may be due to different forms of tryp-
tophan and its residues in different conformational states in
tissues. Further, possible changes in rotamer state of trypto-
phan and it residues could be the reason for observed triple
exponential. Thus, the intermediate and fast component life-
time may be attributed to the three conformers of zwitterion in
tryptophan and the slow component lifetime may be associat-
ed with the tryptophan anion [8]. The fluctuation in fast
component lifetime may be due to local pH and/or quenching
mechanism observed in lifetime of the fluorophores [38]. Our
results are well correlated with Asima Pradhan et al. [8]
studies which investigates the metastatic and non metastatic
cell lines under UV excitation.

Subsequently, the variation in the component lifetimes and
their corresponding fractional amplitudes of normal were
observed with respect to malignant tissues. The component
lifetime and fractional amplitudes strongly depended on their
microenvironment such as viscosity and chromophores of
charged group [27]. As a single tryptophan and its residues
conformers itself were strongly influenced by their microen-
vironment, thereby conformational changes possibly results in
changes over lifetime. When the alteration of protein in ma-
lignant tissues changes subsequently the biochemical and
morphological alteration leads to variation in normal and
malignant tissue fluorescence lifetimes [6, 21]. As reported
by Tata et al. [26], there could be the presence of two trypto-
phans in different proportions which may lead to alteration in
average lifetime between normal and malignant tissues.

Further, the component lifetime and fractional amplitudes
does not provide the statistical significance but the average
lifetime exhibits statistical significance which is confirmed by
the student’s t-test (P=0.001). The ROC analysis of average
lifetime results in 77 % sensitivity and 70 % specificity with
the cut off value 4.85 ns. The component lifetime and frac-
tional amplitudes were not statistically significant. Hence, the
fluorescence lifetime spectroscopy technique may also be
used in cancer diagnosis effectively. Further study is necessary
to probe the exact reason for the variations in tryptophan
lifetimes present in normal and malignant condition.

Conclusion

The photophysical properties of normal and malignant oral
tissues under UV excitation were studied using native fluores-
cence and time resolved fluorescence spectroscopy. The dif-
ference in the FWHM values of fluorescence emission spec-
trum at 280 nm excitation for oral normal and cancer tissues
exhibit statistical significant difference (P=0.001). Further,
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the analysis of fluorescence excitation spectra confirms the
alteration in the biochemical and morphological changes pres-
ent in tissues. The two different ratio variables (R;=1,75/I319
and R,=131¢/I555) were introduced. Among them LDA of ratio
variables reveals that R; provides 86.4 % Specificity and
82.5 % Sensitivity. The analysis was extended to time re-
solved fluorescence spectroscopy of normal and malignant
oral tissues exhibits that the average lifetime provides better
significance when compared to fractional amplitudes and
component lifetimes. The ROC analysis of average lifetime
results in 77 % sensitivity and 70 % specificity with the cut off
value 4.85 ns. In conclusion, over the component lifetime,
average lifetime reads statistically significant. Further, the
study can be extended to lifetime modeling, in order to probe
the internal dynamics of protein.
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