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Abstract: Purpose: The goal of this study was to determine the marker spectra of purified colorectal cancer (CRC) 
exosomes by Raman spectra analysis. Methods: Culture supernatants of different malignant CRC tumor and im-
mune cells were collected and centrifuged to obtain exosome samples. The facticity and purity of the exosomes 
were identified by electron microscopy. Flow cytometry (FCM) analysis was used to determine their size and compo-
sition. Nanoparticle Tracking Analysis (NTA) was adopted to identify surface specific marker proteins. The non-inva-
sive, label-free Raman spectroscopy technique was used to detect large numbers of identified exosomes. Results: A 
standard spectrum for CRC diagnosis was constructed through analysis of tumor exosome spectra. Overall expres-
sion levels of exosome surface proteins were found to be increased and most of the surface protein levels were 
increased compared with those from normal benign cells (p<0.05). There were many similar peaks in exosomes of 
colorectal cancer, indicating that they contain same substances and abundances in crucial proteins and nucleic ac-
ids, which have the potential to become biomarkers. Conclusion: This novel method is non-invasive and can be used 
in clinical diagnosis to observe tiny biomolecular structures in situ which is suitable for biomarker discovery studies.

Keywords: Exosomes, colorectal cancer, Raman spectroscopy, surface protein, marker spectrum, nanoparticle 
tracking analysis

Introduction

Malignant tumors of the digestive system, 
especially colorectal cancer (CRC), have been 
increasing {Cai, 2015 #1; Belov, 2016 #113}. 
CRC is one of the most common malignancies 
in the United States and accounts for approxi-
mately 10% of global cancer incidence [1]. 
However, symptoms of early-stage cancers are 
minor and not easily detected. The differences 
between normal cells and rudimentary cancer 
cells are too slight to be detected by common 
morphological methods [2]. Thus, colorectal 
cancer diagnosis requires more sensitive 
molecular markers.

Exosomes are nanosized [3] vesicles ranging in 
size from 40 to 200 nm (1.13-1.18 g/ml densi- 
ty) that are present in a cell’s surrounding flu-
ids. Exosomes are generated inside the cyto-
plasm, and their cargo, therefore, represents a 
molecular biology fingerprint of the cell of origin 

and is useful for identifying cellular phenotypes 
and genotypes [4]. Recent studies have shown 
that exosomes actually contain functional bio-
logical material and represent a vital subset of 
microvesicular communication in the body. 
Exosomes also play an important role in cancer 
metastasis through the regulation of tumori-
genic pathways [5]. Therefore, they have been 
thought of as a cancer biomarker. However, 
there are only two efficient methods to extract 
and purify exosomes: (1) differential/gradient 
ultracentrifugation [6] and (2) low-speed cen-
trifugation with commercial isolation kits [7]. 
Extensive practices show that differential ultra-
centrifugation methods [8], which separate 
exosomes by size and/or buoyant density, lead 
to higher purity of the desired vesicle popula-
tion, but they remain quite time-consuming and 
are not appropriate for applications [9].

Thus, simpler and faster methods, such as 
laser optical tweezers with Raman spectrosco-
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py, are investigated to analyze the molecular 
components of exosomes. Raman spectrosco-
py, a vibrational analysis technique, is gaining 
popularity in cancer diagnosis. Raman spec-
troscopy can support gold-standard techniques 
and substantially improve clinical diagnosis 
[10]. Although other optical methods have also 
been used to analyze exosomes, many of them 
offer only limited biochemical information [11]. 
For example, fluorophore-assisted methods 
provide biochemical information for only tar-
geted biological components in the exosome, 
and other scattering techniques (nanoparticle 
tracking analysis, NTA) [11] merely provide 

are a kind of optical technology that combines 
laser optical tweezers with Raman spectrosco-
py to study single biological cell or organelle in 
a near-natural state [16]. These tweezers trap a 
tiny sample in suspension. The optical fixing 
technology does not involve any mechanical 
contact, does not cause cell surface effects, 
and does not require any chemical agent. 
Therefore, living cells can undergo long-term 
Raman spectroscopy probing [17]. The technol-
ogy not only overcomes the defects of the fixed 
technique in traditional Raman spectroscopy 
detection but also improves the activity of bio-
logical mononuclear cells. Also this technique 

Figure 1. Overview of exosome characterization methodologies, including 
biophysical methods, and molecular and microfluidics-based methods. Bio-
physical methods include NTA, TEM, DLS, Cryo-M, RPS, FFF and AFM. But 
according to the identification performance of these methods, our group 
chose NTA and TEM as the identification methods. In addition, molecular 
and microfluidics-based methods include Raman spectroscopy, Flow cy-
tometry, and microfluidics-based technologies. Also based on the charac-
teristics of these methods, our group chose Raman spectroscopy and Flow 
cytometry.

physical information, such as 
the size distribution of the exo-
somes (Figure 1).

To better characterize exo-
some content, we decided to 
employ specifically laser opti-
cal tweezers with Raman spec-
troscopy. This optical spectros-
copy method could reveal the 
ratios between proteins, nucle-
ic acids, and lipids and the 
changes in these ratios under 
different physiological condi-
tions [12]. However, optical 
lasers only allow the measure-
ment of single exosome, mak-
ing the collection of sufficient 
data extremely laborious and 
slow. Additionally, this method 
lacks surface specificity. More- 
over, most minute particles, 
especially exosomes, must re- 
main in a liquid environment  
to maintain their normal bio-
logical function [4]. Brownian 
motion makes it difficult to 
locate a single exosome and 
collect its Raman spectra [13]. 
In the past, common chemical 
fixation or micropipetting tech-
niques have been adopted, 
However, both approaches ex- 
ert strong effects on the sur-
rounding biological environ-
ment [14, 15].

The improvement of optical 
tweezers has gradually solved 
this problem. Raman tweezers 
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affords real-time tracking of biochemical kinet-
ic processes, which can help us gain a deeper 
understanding of the behavior of macromole-
cules in the cell [18] (Figure 2).

In this study, methods of identifying exosome 
characteristics were comprehensively assess- 
ed [19]. Raman spectra was found to be a fast, 
non-invasive method for easy examination and 
extraction of materials. After the standard 
spectrum of a certain type of cancer is screened 
out, the spectral curve of the patient’s blood 
could be used to confirm the diagnosis.

Materials and methods

Cell culture

Exosome-depleted FBS Media Supplement 
(EXO-FBS-250A-1) was provided by Genetimes 
ExCell Technology, Inc, affiliated to System 
Biosciences (SBI). The CT-26.WT and Mc38 cell 
lines (mouse colon cancer cells, purchased in 
Zhongqiao Xinzhou Company, Shanghai) were 
cultured in RPMI 1640 medium (Gibco, Grand 
Island, New York.US) with 10% FBS and 1% 
penicillin/streptomycin (Gibco, Grand Island, 
New York.US). Ana-1 cells (Chinese Academy of 
Sciences Shanghai Cell Bank, Shanghai) were 
cultured in RPMI 1640 medium with 10% FBS 
and 1% penicillin/streptomycin. All cell lines 
were cultured at 37.5°C in 5% CO2. This study 
has been approved by the Ethics Committee of 

the First Affiliated Hospital of Guangxi Medical 
University.

Exosome isolation and purification

A total of 240 ml of cell culture medium was 
centrifuged with a 32Ti Rotator at 500× g for 
15 min at 4°C to remove detached cells. The 
supernatants were centrifuged at 2000× g for 
20 min at 4°C to remove cell debris and then at 
16,000× g for 40 minutes at 4°C to remove 
additional cell debris and microvesicles. The 
supernatants were collected and filtered using 
a 0.22 μm filter from JET BIOFIL. These filtered 
supernatants were centrifuged at 120,000× g 
for 70 minutes at 4°C and were then thrown 
away, retaining the deposits. The deposits were 
resuspended in 40 ml of filtered phosphate-
buffered saline (PBS). The resulting fluid was 
centrifuged again at 120,000× g for 70 min- 
utes at 4°C, and the supernatants were thrown 
away. The sediments were considered exo-
somes and were diluted in 100 μl of phosphate-
buffered saline (PBS). All centrifugation was 
performed at 4°C. The final solution containing 
exosomes was preserved at -80°C.

Transmission electron microscopy (TEM)

The solution was mixed with an equal volume of 
4% paraformaldehyde (PFA). Then, 8 µl of the 
mixture was deposited on electron-microscope 
grids made of copper. After a series of standard 

Figure 2. Raman spectroscopy flow chart. A laser is focused to trap exosomes mounted on a high-purity quartz glass 
groove in fluid (e.g. PBS) (A). Molecular vibration spectra of individual exosomes are captured (B) and processed to 
obtain the Raman spectrogram, including individual constituents (C & D). PBS: phosphate-buffered saline.
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treatments, the solution was volatilized, and 
the grids were observed by TEM at 200 kV.

Flow cytometry (FCM)

Samples of exosomes extracted from nutrient 
solution derived from CT26, MC38 and Ala-1 
cells were sealed and preserved at -80°C. 
These samples were melted slowly at 4°C and 
then divided into twelve portions. CT26 exo-
somes sample was equally divided into 4 por-
tions and added to 4 flow tubes and 2 μl of 
CD9-FITC was added to the first flow tube, 2 μl 
of CD63-APC to the second flow tube, and 2 μl 
of both CD9-FITC and CD63-APC to the third 
flow tube, then 2 μl of PBS was added to the 
fourth flow tube as a blank. Incubate at 37°C 

for 30 minutes after mixing gently. After the 
incubation, 2 ml of PBS buffer was added to 
each flow tube and centrifuged at 300-400 g 
for 5 minutes at 4°C, and discard the superna-
tant. After resuspending the cells in PBS buffer, 
a flow test was performed and the results were 
analyzed. The other 2 samples were also treat-
ed in same method.

Nanosight detection of exosome size

The dynamic light-scattering method was used 
to measure exosome particle size distribution. 
The collected exosomes were diluted with PBS 
to a particle concentration of 106/ml and inject-
ed into a Nanosight NS300 Nanoparticle 
Tracking Analyzer (NTA) with a 1 ml syringe.

Figure 3. Typical characteristics of exosomes 
CT26 Mc38 Ala-1 exosomes TEM H-7650 ac-
celeration voltage 80 kV, enlargement factor 
150000×. According to electron microscopy, 
the morphology and size of the microparti-
cles were in accordance with exosomes from 
the disc shape and the size of 40-200 nm 
respectively. Due to separation methods and 
equipment, there may be some small par-
ticles in the image, which may be excluded 
by their morphology and size. 
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Figure 4. Multicolor labeling of exosomes and flow cytometric detection 
and fluorescence compensation. A. CT26 exosomes FITC fluorescein label 
CD9, APC fluorescein label CD63. B. Mc38 exosomes FITC fluorescein la-
bel CD9, APC fluorescein label CD63. C. Ala-1 exosomes FITC fluorescein 
label CD9, APC fluorescein label CD63. According to the tendency of par-
ticles division, the defining line of the quadripartite zones can be located 
in the big and small particles, which are Q1 zone, Q2 zone, Q3 zone, Q4 
zone. Q4 zone represents double positive particles distribution, and Q1 
zone, Q3 zone represent single particles distribution.



Identification of colorectal cell exosomes

12996 Int J Clin Exp Med 2018;11(12):12991-13002

Figure 5. CT26, Mc38, or Ala-1 exosome NTA and exosome-specific marker proteins. First, the first three red line drawings show the particle size of different types 
of exosomes. The drawings revealed that the size of exosomes of CT26 mainly distributed in 60-160 nm (A), Mc38 exosomes distributed in 110-200 nm (B), Ala-1 
exosomes distributed in 100-240 nm (C), the size of which are slightly larger than that of conventional exosomes. Second, WB detection of the three proteins on the 
surface of each exosome was based on the band (D). The expression of CD63 protein at 64 kDa was higher, while the expression of TSG101 protein at 43 kDa and 
CD9 protein at 26 kDa was lower. Third, differences in the expression of exosome surface proteins (E); the difference of cell exosomes in same surface protein (F).
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(Mc38 and CT26) and normal immune cells 
(Ala-1 cells from mouse) were placed on quartz 
glass grooves. The spectra were recorded with-
in the 400-2000 cm-1 range with an acquisition 
time of 120 seconds per spectrum. The laser 
power of Raman experiment setup [20] was 15 
mW, using a 532 nm solid state diode laser, 
and a 100× objective (Nikon, TE-2000). The 
type and content of exosome components 
(such as RNA, DNA, protein, fat and so on) were 
determined by the baseline and amplitude of 
the characteristic Raman spectrum.

Results

TEM Images

Figure 3 shows TEM images of a colon cancer 
cell-derived exosome and an immune cell-
derived exosome. TEM indicated that the aver-
age exosome size was approximately 120 nm.

FCM

Figure 4 shows that CD63 and CD9 were 
stained with fluorescent antibodies in every 
exosome solution isolated by ultracentrifuga-
tion. Each kind of exosome particle was labeled 
with both fluorescein FITC and APC. Because 
the forward scatter (FSC) reflects the size of the 
particle and the side scatter (SSC) reflects the 
internal structure of the particle, the cross-bor-
der or tail phenomenon of some scatter plots 
may be related to the low purity of the exosome 
particles.

NTA

The NTA curves of the exosomes derived from 
two cell lines with differing degrees of malig-
nancy (CT26, Mc38) and benign cells (Ala-1) 
were linear and smooth, indicating that there 
were few impurities, and the peaks of the par-
ticle size curves were 115.5 nm, 165.5 nm and 
147.5 nm, respectively (Figure 5A-C). It was 
confirmed that most of the extracts had a par-
ticle size distribution of 30-200 nm.

BCA protein concentration detection

The BCA of culture supernatant exosomes from 
malignant cell lines (CT26 and Mc38) is much 
higher than that of benign cell lines (Ala-1). 
Similarly, analysis of three surface proteins on 

BCA protein concentration measurements of 
exosomes

Protein extraction: Sample buffer was added to 
each sample on ice, and the mixture was incu-
bated for 20 minutes and then centrifuged at 
6000 rpm for 5 minutes. The supernatant was 
collected for use.

Protein concentration measurements

BCA protein concentration detection method is 
used to detect the protein concentrations. 
Briefly, two hundred milligrams of albumin from 
bovine serum (BSA) was weighed and dissolved 
in 100 ml of NaCl at 150 mmol/l, creating a 
standard protein solution with a concentration 
of 2 mg/ml. Reaction solution A and reaction 
solution B were uniformly mixed at a ratio of 
1:50 to create the working solution. The same 
amount of standard protein solution or test 
sample was added to 200 µl of working solu-
tion. The absorbance at 570 nm was deter-
mined for each sample, and a standard curve 
was drawn to figure out the concentration.

Protein analysis of exosomes

Measurement of exosomes protein concentra-
tions: BCA protein concentration detection 
method is used to detect exosome protein con-
centrations (see details above).

Determine exosomes surface-specific molecu-
lar marker: These are some essential methods 
and procedure from Western blot test.

Raman spectra analysis

Exosome samples were diluted to different con-
centrations with filtered PBS. The exosomes 
(50 μl, 107 particles/ml) from colon cancer cells 

Table 1. Characteristic protein markers of 
exosomes, assessed by immunoblot

Protein MW 
(kDa)

Cell types secreting 
indicated exosomes 

protein
Enrichment

CD9 25 DC, IEC, U, P High
CD63 50-60 Human: DC, B, IEC High
TSG101 44 DC, Mov, U High
DC: dendritic cells; IEC: intestinal epithelial cells; Mov: 
immortalized Schwann cells; U: urine; P: platelets
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the same cells revealed that CD63 had the 
highest surface-specific protein concentration, 
followed by CD9, and TSG101 had the lowest.

Exosome marker proteins: WB was used to 
detect exosome-specific marker proteins (Table 
1). Figures 5D and 7 clearly show that the 
bands corresponding to CD63 are clear and 
relatively wide at 66 kDa, indicating that the 
surface proteins are rich and high expression.

Through further analysis of the experimental 
data (Table 2), the expression levels of differ-
ent exosome surface proteins were found to be 
different (Figure 5E), which means that the pro-
tein expression of malignant tumor cells is basi-
cally higher than that of normal benign cells. 
These also confirm that the expression of pro-
teins and nucleic acids increased significantly 
after malignant transformation of cells. In addi-
tion, the same surface protein expression in 

different cell exosomes was also different from 
our group (Figure 5F), which means that the 
expression of surface proteins in malignant 
cells is substantially higher than that of normal 
benign cells.

Raman spectra

Origin 8.0 software was used to generate the 
spectra of four kinds of exosomes; Figure 6 
shows that the peak of the exosomes from the 
more malignant tumor cells was much higher. 
Therefore, the intensity of the Raman spectrum 
was higher than that of the low-malignancy 
Mc38 exosomes cells, which in turn was higher 
than that of the benign Ala-1 exosomes cells. In 
other words, intensity arrangement of Raman 
signal (ICT26exo>IMc38exo>IAla-1exo) indicating that a 
higher degree of malignancy is associated with 
higher proportion of protein and nucleic acid 
content.

Figure 6. Raman spectra generated by the sample directly from the machine were used to analyze the position and 
intensity of each peak. The Raman position value of the peak is marked to help analyze and decode these data. (A, 
B, D) show that various substances in the exosomes of Mc38, CT26 and Ala-1 produce a variety of different char-
acteristic spectra in the Raman spectrometer. The common spectra of malignant CT26 and Mc38 exosome (C) is 
different from that of benign Ala-1 exosome (D) in crucial spectra.
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According to two left column of each table 
(Table 3-5) from the Professional book [21, 
22],  there are many similar peaks in exosomes 
of colorectal cancer, which means that they 
contain many common substances and abun-
dances, especially proteins and nucleic acids. 
The extrinsic performance spectra of these 
common substances will be a simple, non-inva-
sive detection marker.

The following content will show these hidden 
common substances and mechanisms of 
action. These characteristic spectra weregen-
erated by fitting the spectra of CT26 exosomes 
and Mc38 exosomes together via observation 
and analysis of a third image. In the protein 
spectrum of CT26 exosomes, 960 cm-1 repre-
sents C-C, which is associated with the protein 
secondary structure random coil; 1225 cm-1 
represents C-N str, N-Hdef (amide III); 621 cm-1 
represents O=C-Ndef (amide IV); 657 cm-1, 732 
cm-1, and 779 cm-1 represent N-Hdef (amide V); 
538 cm-1 and 578 cm-1 represent C=Odef 
(amide VI); 333 cm-1, 345 cm-1, and 364 cm-1 
represent nucleic acids; 431 cm-1 and 621 cm-1 
represent base and carbohydrate deformation; 
and 779 cm-1 represents base, phosphodiester 
(OPO). The Raman shifts that correspond to 
Mc38exo include 952 cm-1, 1215 cm-1, 652 
cm-1, 652 cm-1, 805 cm-1, 543 cm-1, 601 cm-1, 
332 cm-1, 511 cm-1, 543 cm-1, 601 cm-1, 652 
cm-1, and 805 cm-1. These corresponding spec-
tra associated with representative substances 
show that there are many common features 
and characteristics of cancer cells in the fitted 
average spectrum.

In this fitted average spectrum, the spectra of 
proteins, nucleic acids, and even lipids appear 

simultaneously. For example, the correspond-
ing protein spectrum containing 658 cm-1, 803 
cm-1 N-Hdef (amide V), 536 cm-1, and 601 cm-1 
also represents C=Odef (amide VI), and the cor-
responding nucleic acid spectrum peaks are 
339 cm-1 and 505 cm-1. The 536 cm-1 and 601 
cm-1 peaks represent base, carbohydrate defor-
mation, and 658 cm-1 represents base, phos-
phodiester (OPO). Therefore, with this spectrally 
fitted spectrum, an exosome spectrum of cells 
that differ in type and malignancy was observed. 
When we compared the intensity of the peaks, 
the average intensity of the observed spectrum 
was lower than that of the original spectrum. 
Therefore, from this fitted average characteris-
tic spectrum that Raman spectra with these 
characteristic peaks in the biological spectrum 
are cancerous spectra, representing the stan-
dard spectrum of malignancy. The biological 
spectrum containing these characteristics 
reveals that cells may have undergone cancer-
ous transformation.

Discussion

According to Siegel, et al. [23], although the 
annual mortality rates of cancer have slightly 
declined in the United States, the overall situa-
tion remains pessimistic. If it is diagnosed 
early, the cure rate could be more than 90%. 
With the rapid development of optics, Raman 
spectra, and in particular laser optical tweezers 
with Raman spectra, possesses many advan-
tages for diagnosis via exosomes.

In this study, two kinds of CRC cells with differ-
ent degrees of malignancy and Ala-1 macro-
phages were studied. Supernatants from the 
cultured cells were collected and then ultracen-
trifuged to obtain exosomes. A series of exo-
some identification methods, such as TEM, 
FCM, NTA, and WB, were employed.

Through the analysis of the experimental data, 
we conclude the following results: 

Figure 7. The relationship between OD value and pro-
tein content in curve equation.

Table 2. Area (grayscale value) under the 
curve from exosome-specific protein

Sample
CT26 Mc38 Ala-1

CD9 1355 346 262
Primary CD63 27997 3447 14009

TSG101 438 319 110
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Table 5. Raman frequencies and peak assignments of lipid
CT26 exosomes Mc38 exosomes Average spectrum Ala-1

1066 Phosphatidyl c-c spectrum anti-form 1054 1061 Exosomes
1130 Phosphatidyl c-c spectrum anti-form 1135
1090 Phosphatidyl c-c spectrum tor

First, the protein expression of malignant tumor 
cells is basically higher than that of normal 
benign cells. From the expression level of 
CD63, CD9, TSH101 protein in normal and 
tumor cell, the expression of tumor cell exo-
somes are higher than those of normal benign 
cell exosomes, which is related to the high 
metabolism of malignant cells. Highly metabo-
lized malignant cells express more proteins 
such as membrane proteins and embryonic 
proteins, so exosomes produced by shedding 
also contain more proteins. A new related test 
has been carried out that the surface protein 
profiles of two live cancer cell lines are com-
pared with an antibody microarray and 
Biotinylated antibodies. These EV expressed 
from the same patients: moderate or high lev-
els of CD5, CD19, CD31, CD44, CD55, CD82; 

low levels of CD21, CD63. But none of these 
proteins could not be detected on EV from 
matched healthy individuals. This also confirms 
that some exosome surface proteins are highly 
expressed in tumor cell extracellular bodies, 
and are low or not expressed in normal cells, 
which is consistent with the results of this 
experiment [24].

Second, the same surface protein expression 
in normal and tumor cell exosomes is also dif-
ferent, which suggests that the expression of 
surface proteins in malignant cells is signifi-
cantly higher than that of normal benign cells. 
Finally, there are many similar peaks in exo-
somes of colorectal cancer after analyzing a 
large number of different Raman spectras, 
which means that they contain many common 

Table 3. Raman frequencies and peak assignments of amide acids
Raman Frequencies of Amide  
Acids and peak assignments

CT26  
exosomes

Mc38 
exosomes

Tumor average 
spectra

Ala-1
exosomes

890-945 C-C (α-helix Protein secondary structure ) 886,910,937
945-960 C-C (random coil Protein secondary structure) 960 952
1597-1680 C=Ostr N-Hdef C-Nstr amide I 1651
1480-1575 C-Nstr N-Hdef amide II 1565 1480, 1566 1551
1229-1305 C-Nstr N-Hdef amide III 1225 1215 1279
625-767 O=C-Ndef amide IV 621 652 760
640-800 N-Hdef amide V 657,732,779 652,805 658,803
537-606 C=Odef amide VI 538,578 543,601 536,601 536
200 C-Nstrtor amide VII 198

Table 4. Raman frequencies and peak assignments of nucleic acids
Raman Frequencies of Nucleic Acids and 
peak assignments

CT26 
exosomes

Mc38 
exosomes Average spectra Ala-1

exosomes
300-650 base carbohydrate deformation 333,345,364

431,621
332,511,543

601,652
339,505
536,601

489,536

650-800 Base phosphodiester (O-P-O) 779 805 658 652,719,760
1250-1450 base 1437 803,1237,1374 1246, 1279
1300-1460 Base carbohydrate def (C-H) 1373 1437 1374, 1442
1450-1550 base str 1501 1480
1550-1650 Base (C=H, C=C) 1566
1600-1750 Base (C=Ostr NHdef)
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substances and abundances in crucial proteins 
and nucleic acids.

There are some limitations to our study. First, 
large numbers of cancer cell exosomes derived 
from different disease types and perform 
Raman spectroscopy are needed. Second, to 
analyze and compare all these cell types in 
aggregate is needed. Future efforts will be 
devoted to exploring this hidden standard for 
cancer diagnosis.

In summary, this novel method is non-invasive 
and can be used in clinical diagnosis to observe 
tiny biomolecular structures in situ which is 
suitable for biomarker discovery studies.
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