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Application of Raman spectroscopy in the detection of brain glioma
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Abstract: Brain glioma is a common type of brain tumor with a low cure rate and a high recurrence rate. Pre-
cise identification of tumor boundaries is an important prerequisite for reducing recurrence and improving
prognosis. Developing a rapid, high-sensitivity and label-free diagnostic method is of crucial clinical signific-
ance regarding glioma. Raman spectroscopy can reflect substance’s chemical and structural information at
the molecular level due to its fingerprint characteristics. It has already shown excellent prospects for the loca-
tion and identification of glioma. Firstly, we introduce the different types of Raman spectroscopy technolo-
gies in this paper. Secondly, the research status of glioma diagnosis based on Raman spectroscopy is re-

viewed. Finally, the future development of glioma diagnosis through Raman spectroscopy is prospected.
Key words: Raman spectroscopy; brain glioma; detection; identification
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Tk FES AL AR EY 342
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(1) H:PRH7 2 7K (resonance raman scattering,
RRS) i U2 4 A GHUARO G B KB s 2 5
o MR i 43— 1 H - BRATE B e AR 42 0 5 F 6
R 35 A e i, R A O TE RR AR I DR 2
s, 5 A &mSHE S AR, ek Raman 58 5
I e AT MG 9R 6 MRS, HE I AT SE B R B A
e, i F YR Raman £ AR H a5 5 A G
B VERL 1 7 TR s, BIXEREE 21 1 4R 3h
BRI R, PR L B AR SR A BB, AT SE I
PO S FAERs a0 1| LN (BB o i R EN 53 I 25
Fil, BRI ZAb, i ki B 5 e W S B DO
SN B A B R R

(2) & 17 4 55 $7 2 £ K (surface enhanced ra-
man spectroscopy, SERS) . 1974 4, Fleischmann
S N 30 I o0 A R A R L A S TT P ML BE 43 7Y
Raman H38 BEAS 2] T FORAGHE R, BIH L SERS
PR . SERS 7r4& /@R ML R a R 5 4R
YRR AT AR |« 43 Jm 9 R UL 2 [H] A PR B | F
W 535 4 Js 240 K A 2 T 7 W o R B A O
P T EL A ARG P L R S PR R RN R v AR
&L, SERS HIR T £ 450 H T RNAM DNAML 2
[N TR L 7/ BN (= 111 TN At
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KA 8] 43 B8, Has 8] 43 HEFeAN 32 P RO Al
JEMRFZm . AR TR T SERS ™ F ARSI S il
# ot 1Y S BRAE, (B 1 ot e A B s ARG

(3) A1+ %7 2 4% K (coherent Raman spectro-
scopy) o AH T 5 7 4E 5 it Raman # 5 ( coherent
anti-Stokes Raman scattering, CARS) fl 3% % Ra-
man 4T (stimulated Raman scattering, SRS) J& %
PRI A TP 28R . CARS 22—~ =Bk
Pt fE . R R AL 3 F O R AN [
A0 R . Wt s G FRIDE) VE A i %
T, > A ' 5 0 96 o 0 D' 1] 1% 45 48 2 55 15 Tl
FE il B2 BR AT BB R A1 B ™= A JE IR, 10 4%
PR IR IR L BRI RN B 1 5 1) 53 PR B
i, 7225 CARS {55 o FESEPR NI b, 38 o i 2R

T AR S () 3 2 [ LA fa Ak A 2 e 454
CARS 155 2) k338 Raman Y6555 Y 100~10°
i, REMETE A= WA N S BRAILATT G 2 1 0 F 1%
H T CARS & # ] T S Ik 6 00 355 40 i 0 3 25 5
TR, 3 3 i o 0 9 5 AV 000 40 000 1230 R B AR
A B A5 8., 2 T840 BT e I 2 1 R g o 5 o
e A8 21 2 e DAL 1 2] i 1 ) AR b AR R, ]
CARS I B AR 7R Z AR RS 505 5 T s
AR A= B 5t . BRIAT F8 A8 S TV ) i 2 BRURE i
PR E BRI . AN, CARS AAEFRHESS
5, PRLCARRAE MR R R R LA IR E . 5 CARS 28
8, SRS FiAR WS — Rt R, Y AR RE
w250 IR e E AR, ZEM TR 2T
2. 7EM I R Raman S FROBERCR SRS
29 10°f%. T SRS WIfE S UK SU R EIH AR
[), #4038 Jk 9 1 % fige VA BV AT % BUIR] A% G SRS 15
5. 5 CARS HiARM I, SRS H RN &= 3t
P75 5, H SRS {555 H & Raman {55 5% & —
0, v R AR SRS AT, BT SRS &
B 05 20 L AN 2 2 rb iR B AR 1 BT A S A A
o281 248 i 4% S 2o A v B 5 R T LA B 4
RS RS0 AT, B R AR ()
S AR 7 . SR SRS £ HETS
FEREALER R A 28 H B it . oy F e B pE o SR
B, TR BP9 . 25 ETIR, CARS. SRS F
SERS 3 FlEAEL Phhr & IS E AR B BR 4 sk B &
LS Lk 5 | M 220N L, SCIAE YA
vt P 1 R ABORE ARSI, (EL R D i 396 4% A Pk
Jio AT 3 FRARL RS TR AR B Bl ok
77 XL, ansk 1 FR .

F1 3MIELMREBLIER AR CARS, SRS 1 SERS
RO R = XT L
Tab.1 Comparison of advantages and disadvantages of
the three nonlinear Raman spectroscopy tech-
niques: CARS, SRS and SERS

EDA=S 0l

A CARS SRS SERS
B Fkria jmg% SIS

A BIAKTH 4 b

Cooma, JERRIES . REE S FiEEbEE 5%

3 AT ake I i g AT iU B

1990 4F, H AR AR 5 28 B2 R K2 Tashibu K.
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3. bR

The research state of the application of Raman spec-

troscopy in the detection of brain glioma

(Size: 888 um x 828 um
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2N A W REAR (1) Raman B AR LR 2H 2P R
A )43 X3, 2002 4F, Koljenovic® AP Fi] i #4
RPN 847 nm 1Y WP E OIS RS, X 20 44
Ji2 3 1 20 B 988 £8 3 1 i JRd 9E 4T Raman Yt i T
o FETVKIRY) L 4UE 400~1800 cm™ Ji [ Py
) Raman YGRS, TR i yRd 2H 23 JRBE DX sk A
i DX 3k o 3 35 o0 BT S R A SR i 25 5
INBE AR 2 i 2 HLAG A vR 7K T B4 IEL ] e R I s i
o L RIS, ALY R R, 45
FRanlE 2CE B WA /) frzs . AAEL 2 AT LA
B, U iR DA IR B X R A B Y
25 wJm, BT EAEF 5 (linear discrimin-
ant analysis, LDA) [} 43 B RY, %FIRAE 2H 2L F fih
LTI, HER PRI 100%09,

B2 (a)F(b) ARG O NI RE A MIR VKR U 7E B T IR 5 (o) () Raman G2 RILLEU] B Db 4]
(3B RET (a) Ml (b)) o ZL0: FEEERMRE AU, U (0 IRBEALEL 3 0 R s KR GG AR )5 (e) FI(E)
i H&E el 75 (@) by () R SR HEAL ORI Y P oY

Fig. 2 (a) and (b) are photomicrographs of unstained human glioblastoma cryosections used in Raman mapping experiments;

(c) and (d) are pseudo-color maps of Raman spectra of the tissue sections shown in (a) and (b). Red: areas of vital tu-

mor tissue; blue: areas of necrosis; yellow: areas in the scan where no tissue was present (edges, freezing artifacts);

(e) and (f) are photomicrographs of the same tissue sections after H&E staining; (g) x40 magnification of detail marked

with a green frame in (f)1*

Ji J5E J5 968 2 — o R 18 A R, R T A
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1441 ecm™: 1659cm™. 1003cm™. 1313 cm™'.
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Fig. 3 (a) Raman spectra and (b) Raman imaging results of
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Fig. 4 Comparison of Raman spectra of IDH1-wt and
IDHI-mut gliomal®”
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Fig. 5 The average Raman spectra of healthy (blue) and tu-

morous tissue (red)*
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Fig. 6 (a) Schematic diagram of the Raman system in Ref.

[42] and (b) photo of Raman measurement based on

mouse model in vivo?
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Raman [#1{&, o, 6 35 (RS (0 1EH 4121,
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Fig. 7 (a) Mouse brain tissue with exposed cortex; (b) Ra-

man images are segmented by cluster analysis. Nor-
mal brain tissue is depicted in blue, cyan, and yel-
low, the red is blood vessel, and the tumor and tu-
mor margin are shown in gray and black, respect-
ively; (c) superimposition of the photomicrograph

and the Raman image of the tissue*?
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Fig. 8 (a) Schematic diagram of experimental setup of the
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(b) photo of brain tissue detection based on the
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Fig. 10 The Raman results of handheld contact probes at
different tissue locations. (a) Schematic diagram of
in vivo Raman spectral measurements taken in the
surgical cavity during glioma resection, using a
handheld contact probe to target dense cancerous
tissue (red), infiltrated brain tissue (yellow) and
surrounding normal brain tissue; (b) In vivo high
wavenumber Raman spectra of dense cancer, infilt-
rated brain and normal brain, averaged over all
samples; (c) Representative H&E-stained micro-

graphs for each tissue type!*!
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Fig. 11 The identification results of normal brain, infilt-
rated brain and dense cancer tissue based on SVM
algorithm. (a) Boxplots of the Raman intensity
ratio of the lipid and protein in the bands of
2930 cm ':2845 cm™' for normal brain, infiltrated
brain and dense cancer tissue in glioma patients;
(b) receiver operating characteristic curve com-
puted by the SVM algorithm™*
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Fig. 16 CARS images of astrocytoma in mouse’s brain. (a)

Mosaic CARS microscopy image with low-resolu-

tion and large field of view; (b) the CARS image

of local tissue of the white rectangle in (a) ™
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Fig. 17 (a) Bright field image of glioblastoma in mouse
brain, with the tumor boundary outlined (black).
The cyan indicates a region of interest (ROI);
(b) micrograph of ROIs; (c) pseudocolour CARS
image of tumor and normal brain tissues, with nuc-
lei highlighted in blue, lipid content in red and red
blood cells in green; (d) CARS image with nuclei
highlighted in blue and lipid content in red;
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Fig. 18 SRS imaging of fresh mouse tissue. (a) The my-
elin sheath neuron bundles of the corpus callosum
in mouse brain is marked with abundant CH, at the
characteristic peak of 2845 cm™; (b) SRS image of
CH, acquired from a brain tissue slice ~1 mm
thick; (c) SRS images of CH, in three separate re-
gions at the same depth in mouse ear skin. From
left to right: stratum corneum, sebaceous gland,
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Fig. 20 (a) Measurement results of Raman scattering spectra and (b) the difference in Raman spectra between neuronal glioma

cells and normal astrocytes™”
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Fig. 22 Difference in marker peak intensities for differenti-
ated and undifferentiated cells. (a) C6 cells; (b) SK-
N-SH cells™
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Tab.2 Application of different Raman spectroscopy techniques in the detection of brain glioma biomarkers
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