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ABSTRACT 

 
This study shows tryptophan as the key native marker in cells to determine the level of aggressive cancer in breast cell 
lines using native fluorescence spectroscopy. An algorithm based on the ratio of tryptophan fluorescence intensity at 340 
nm to intensity at 460 nm is associated with aggressiveness of the cancer cells. The higher the ratio is, the more 
aggressive the tumor towards metastasis. 

Key words: aggressive cancer, metastasis, fluorescence spectroscopy, tryptophan, NADH, cancer markers, native 
fluoresce (NFL)  

 
1. INTRODUCTION 

 

Previous studies of optical spectroscopy have shown that native fluorescence spectra is one of effective methods to 

diagnose cancers without remove tissue to characterize the properties of normal, benign and malignant cancers in tissues 

and cells [1-8]. The main fluorophores in tissues and cells are: tryptophan, reduced nicotinamide adenine dinucleotide 

(NADH) and flavin adenine dinucleotide (FAD) [9]. These molecules may appear in different amounts in tumor 

evolution. These changes can be reflected by the NFL spectral with distinct excitation and emission wavelength [10].  

This objective of this study is to demonstrate that tryptophan level in cells is an important biomarker for determining 

aggressive cancers in different cell lines. The NFL spectroscopy is used as an effective approach to distinguish two types 

of breast cancer cell lines with different metastatic ability as well as normal cell line, based on their tryptophan level. 

Upon excitation with 300nm, the emission spectrum was measured and the normalized tryptophan level was obtained by 

calculating the ratio of tryptophan intensity at 340nm to intensity at 460nm for various breast cell lines. The experiment 

and analysis results indicate that the relative content of tryptophan reflected by NFL can be used to determine the 

aggressive nature of cancer metastasis. 

 2. MATERIAL AND METHOD 

2.1. Sample preparation and cell lines:  

Three types cell lines were used in this study: 1) normal human fibroblast cells (Coriell Cell Technologies NJ) [11] and 

normal human breast cells MCF-10A (ATCC, VA), 2) moderate metastatic breast cancer cells MCF-7 (ATCC, VA) [12], 
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and advanced metastatic breast cancer cells, 3) MB-MDA-231 (ATCC, Manassas, VA) [13]. All the cells were cultured 

in Dulbecco's modified Eagle's medium (DMEM) (Sigma, MO), supplemented with 10% fetal bovine serum (FBS) 

(Thermo Scientific, MA), 3%Penicillin Streptomycin, 1%L-glutamine (Sigma, MO). All cell lines were incubated at 

37°C under a 5% CO2 atmosphere. At above 95% cell confluence (3~ 5 days), the cells were harvested by the treatment 

with 0.25% Trypsin-EDTA (Sigma, MO) within 1 minutes, wash the cells away from the bottom of the flask with 5ml 

cell culture media. Centrifuge the solutions at 125g for 5min, aspirate the supernatant with remaining trypsin, at that time 

the remaining centrifuged cells is only about 100ul. Re-suspension the cells again with 5ml phosphate buffered saline 

(PBS, Sigma, MO), centrifuge the solution, aspirate the supernatant (all most all the solution) and this time the remaining 

centrifuged cells is only about 100ul. Resuspend the cell to ~ 3.6 × 106cells/ml with PBS. Base on these steps, the 

concentration of the trypsin-EDTA was diluted from 0.25% to ~0.0001%, few trace of trypsin remains. The cells were 

transferred to a 1 × 1 × 4cm3 (the inside dimensions) quartz cuvette (NSG Precision Cells, New York) for the 

fluorescence experiments. The cell suspensions were vortexed evenly before each measurement taken. To check possible 

background fluorescence due to cell sample preparation, the emission spectra of the quartz cuvette, and supernatant from 

measured cell suspension were also measured. The intensity was only 1%~1.5% compared with the intensity at 340nm 

and was also subtract from the cell suspension spectrum.  

 

2.2. Measurement instrument 

The measurements of NFL spectra of the cells were performed by using the Fluorolog®-3 spectrofluorometer system. 

The excitation light with 5nm spectral-width was focused on samples with a spatial size of ~3 × ~1 mm2 and 0.5W 

power deposition. Each scan was ~1min at a scan speed of 300nm per minute. The fluorescence was collected with a 

spectral resolution of ~1nm. To obtain the fluorescence of the cell sample, the fluorescence of trypsin solution and PBS, 

the emission spectral of quartz cuvette, were also measured and subtracted for calculation of final results. The 300nm 

excitation was selected because among all the fluorophores. 

 
2.3. Data Analyzing methods: Support Vector Machine (SVM) 

To classify the metastasis competence between these 3 types of cells lines, Support Vector Machine (SVM), is used to 

categorize the three groups of data. SVM is a well-known, one of the most useful technique for data classification 

[14-16]. In general, the SVM classifier is determined by a number of components for the most effectively discriminating, 

the support vectors, which located at the boundary of the group of data. In our case, since the data is just one dimension, 

it may be better to render as Support Component Machine (SCM) and Support Component (SC) [15]. SCM was used to 

distinguish the aggressive breast cancer cells, non-aggressive breast cancer cells and normal cells. The sensitivity and 

specificity would be calculated. Subsequently, the receiver operating characteristic (ROC) curve was generated to further 

evaluate the performance of SCM.  

 
3. EXPERIMENTAL RESULTS 

 
3.1 Native fluorescence spectra of three types of cells lines  

The average fluorescence spectral profiles in the range of 320 to 580 nm from fibroblast cells (n=16), MCF-10A cells 

(n=4), MCF-7 cells (n=17) and MDA-MB-231 cells (n=18), under 300nm excitation wavelength are displayed in the 

Fig.1 as solid, dash, and dashed dot lines, respectively. 55 samples were run. It shows that the spectra have consistency 
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for the same type of cells but significant differences exist among these three types of cells. The measured cell suspension 

intensity ranges from 12,000,000 to 1000,000, and the measured background intensity ranges in 15,000 to 20,000. The 

background intensity is subtracted although it only counts 0.1%~2% of the total intensity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Native fluorescence spectra of all three types of cells with standard deviation error bars. MDA-MB-231 (red), 

MCF-7 (blue), MCF-10A (brown) and Fibroblast (black) excited at 300nm wavelength. The black arrow in the small 

window indicates the weaker peak between 460~470nm. 

 

The main emission peaks of all three kinds of cell lines were found around 340 nm, which is known as the emission peak 

of tryptophan [17]. The major difference of the profiles between MDA-MB-231 and MCF-7 or fibroblastic cell is that a 

much higher fluorescence intensity of MDA-MB-231 was observed comparing with MCF-7 or fibroblastic cells at the 

peak of 340 nm. Intensity of MCF-7 is lower than intensity of MDA-MB-231 at 340nm, but higher than intensity from 

normal cells: fibroblastic cells and MCF-10A at 340 nm. To quantify the difference between tryptophan, the relative 

tryptophan level were calculated by using the ratio of intensities at 340 nm over 460 nm as reference signal for each 

sample and compared the differences in Fig. 2. The average ratio R of all MDA-MB-231 breast cancer cells were 11.2,R 

of MCF-7 breast cancer cells were 5.9, R of MCF-10A were 3.87 and R of fibroblast cells were 4.4, The average ratios 

are R231>RMCF-7>Rnormal. The relative tryptophan level is more prominent in aggressive cancer cells compared to 

non-aggressive cancer cells as well as normal cells [18]. There is good agreement with our past observation on breast 

tissue which used the ratio of 340 nm to 440 nm in cancer tissues, that the aggressive breast cancer tissue had a much 

higher relative tryptophan level than normal or benign tissue have [3, 5]. 
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Fig.2 The average ratio of intensity for 340nm over 460nm for all the cell lines 

 

Figure 2 shows the relative tryptophan level exhibits a monotonous growth with increasing metastasis competence. The 

increase of the R as the function of metastasis competence reflects higher tryptophan level and contained higher grade of 

aggressive cancer cells in comparison with the lower grade non-aggressive cancer cells as well as normal cells lines. In 

cancer diagnosis and cancer research, identification of the metastatic competence of cancer is crucial to determine the 

stage and therapeutic method [19]. This study provides a highly relevant methodology to predict the metastatic potential 

of cancers by measuring the tryptophan spectra. 

 

3.2 Native Fluorescence Spectra Data Analysis of Aggressive, Non-aggressive and normal cells by SCM Method 

The SCM classifier were employed to analysis the ratios of tryptophan from native florescence spectrum of different cell 

lines to determine if the tryptophan ratios can be used to classify the cell with different metastasis competence. SCs were 

chosen from the components of ratio R between Rmin
agg-κand Rmin

non-agg-κ from each group, where Rmin
agg  is the 

minimal ratio among all the aggressive cancer cells ratio, Rmin
non-agg is the maximum ratio among all the non-aggressive 

cancer cells ratio and normal cells ration, κ is a self-defined threshold value for optimum, for identifying aggressive 

cancer cells and others. Same method was applied for chosen SC for identifying cancer cells of both aggressive and 

non-aggressive from normal cells.  

 

During a diagnosis of cancer metastasis competence, one may meet with the problem that if the results are positive 

(caner) or negative (healthy).It is necessary to eliminate statistical errors, such as false positive or false negative. False 

positive is defined as a test result that is erroneously classified in a positive category and false negative is defined as a 

test result that is erroneously classified in a negative category. To set the diagnosis standard for distinguish the positive 
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or negative results and evaluate the metastasis level of the cancer, ratio RC was used as the criteria by applying the SCM 

algorithm on all 55 (3 types) cell samples. It was obtained that RC = 5.26 and RC = 6.77 for distinguishing normal vs. 

cancer, and non-aggressive vs. aggressive, respectively, which is shown as solid lines in Fig. 3(a). According to these 

two separating lines, the sensitivity and specificity for these two cases can be calculated. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 (a) The criteria RC, for 340 over 460nm of total 3 types of cells. The separating lines indicating the value of 

RC were calculated using SVM. Accuracy evaluated by ROC curve using the RC for distinguishing significant 

criterion to classify the cell samples into two groups for (b) cancer vs normal cells and (c) aggressive vs 

non-aggressive cancerous cells. 

 

The receiver operating characteristic (ROC) curves were used to evaluate the performance of criterion of the calculated 
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RC of the relative tryptophan level combined with SCM for distinguishing the metastasis competence of cancerous cells 

as well as normal cells. Accuracy can be measured by the AUC (area under the ROC curve). ROC curves shown in Fig. 

3(b) and 3(c) were generated from the cases of aggressive vs. non-aggressive cells, and cancer vs. normal cells, 

respectively, to determine the accuracy of metastasis level by using the ratio, RC, combined with SCM. The AUC values 

of the ROC curves were then calculated to evaluate the accuracy.  

The sensitivity, specificity and the AUC values for using the calculated ratios combined with SCM for detecting 

cancerous cells metastasis competence are summarized in Table 1. In Table 1, the excellent sensitivity, specificity, and 

AUC values demonstrate the excellent efficacy using the ratios combined with SCM for separating different metastasis 

competence cancerous cells as a promising diagnostic tool for early cancer detection. 

Table. 1 Evaluation of performance for criterion using ratios of 340 nm over 460 nm combined with SCM for separating 

different type of cancerous cells. 

 
Evaluated Components Sensitivity Specificity

Cancer vs. Normal 91.4% 81.3%

Advanced vs. non advanced 88.9% 90.9%
 

4. DISCUSSION 

Tryptophan is an essential amino acid necessary for protein synthesis. It cannot be synthesized by mammalian cells and 

thus the mammalian cells depend on transport machineries for uptake [20-23]. While researchers explore early cancer 

detection by enhancement of target contrast agents [24-27], the study indicates that there is a higher tryptophan content 

in aggressive cancerous cells, which relates to the physiology phenomena in cancer; therefore, it opens a door to use 

label free molecular imaging of cancer detection. Tryptophan is transported into cancer cells via large amino acid 

transporter system (LAT1/CD98) [28], degraded to kynurenine in the cells by enzyme indoleamine-2，3-dioxygenase 

(IDO). Numerous studies pointed out that the tryptophan consumption by cancer was involved in suppress the immune 

response to cancer cells [29-32]. It is known that aggressive cancer cells have larger amino acid transporters on the cell 

membrane, which can more efficiently uptake tryptophan from surroundings environment [33] and which may results 

enlarged nuclei caussing the change of scattering coefficients [34]. An increasing number of studies show that the fast 

progress of tumor is due to a failure of immune system control over the growth of tumor cells [30, 32, 33, 35, 36]. The 

immune system T cells are particular susceptible to low tryptophan concentrations and resulting in energy and apoptosis, 

so that cancer cells can escape the immune detection and survive [32]. Moreover, there is a pair of receptor and ligand 

proteins, PD-1 receptor on T cells and PD-L1/2 on cancer cell, which is one of the causes that the cancer cells can escape 

from the immune systems, because PD-1 receptor is activated in low tryptophan environment. When the PD-1 binds to 

PD-L1/2, this interaction suppresses the T cell activity, causing T cell apoptosis [23, 30, 37]. These proteins are shown to 

provide a protective shield surrounding the cancer to protect against the T cells from the immune system. In T cells 

‘death by binding’ paradigm, the cancer cells escape the immune detection from T cells and develop towards increasingly 

aggressive forms [22]. Therefore, direct monitoring the tryptophan level in cells/tissue can be used as a key to investigate 

the immune escaping ability of the cancer cells and the metastasis ability of mild and aggressive breast and other cancer 

cells in prostate [38, 39]. 
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5. CONCLUSION 
NFL spectra have been used to diagnosis the aggressiveness of breast cancer cells. This is the first time to evaluate the 

cancer metastasis among aggressive and non-aggressive breast cancer cells lines from normal cells by measuring the 

relative contents of tryptophan using NFL. Our results demonstrate aggressive breast cancer cells have higher relative 

contents of tryptophan than other cells [40]. Tryptophan is the key biomarker for aggressiveness cancers using the 

emission ratio of 340 to 460 nm excited by 300 nm. This research indicates that measuring the NFL of tryptophan within 

the tissue can be used as a fingerprint for monitoring different metastasis cancers. A similar outcome was found in 

prostate cells supporting the results presented here on tryptophan as a marker. The NFL technique has the potential to be 

used to monitor disease activity and response to therapy in cancer patients. One can speculate that the ratio R size from 

the tryptophan in cell indicates the degree on how aggressive the cancer is to metastasize from this research.The higher 

measured R value , the patients is in a higher risk level. The outcome of this research can result in a new screening 

optical NFL tool where cells can be extracted from organs, such as breast, prostate, brain, colon, and measured for the 

tryptophan ratio of 340 nm over 460 nm for level of risk. 
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