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Abstract: Light Scattering Spectroscopy is a spectroscopic technique which relates the scat-
tering spectral properties of tiny particles to their size, refractive index and shape. LSS allo-
wing real-time, non-invasive probing of cell nuclei and organelle structures and enables ob-
tain the characterization of biological tissue structures at the cellular and subcellular scales.
When biological tissues illuminated by a light source, it can produce scattered light with dif-
ferent angular and polarization characteristics due to its’ structural specificity, so the infor-
mation about the macroscopic and microscopic structures of tissues can be obtained. This
technique has been intensively studied in related fields and extended to the detection of cancer
cells. First, we introduce the basic principles of LSS technology, then a detail description of
the research and application of this technology in early cancer diagnosis is discussed. Finally,
we summarize the advantages of LSS technology and outlooks its future development.
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Fig. 1 Principle of three light scattering phenomena
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Fig. 2 Optical properties of cellular and subcellular

structures and associated approximations that
can be used to describe light scattering from
these objects. The uncolored region repre-
sents a parameter space and requires an exact

solution to get the exact result
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EPSS scanning esophageal epithelium during
screening endoscopy. (a) Illustration depic-
ting the probe tip extended from the endo-
scope working channel during the scan; ar-
rows indicate linear and rotary motions of the
probe tip before and during each scan, respec-
tively. (b) Frame capture, obtained and
shown via the EPSS user interface, of an im-
age acquired by the endoscope video channel
showing the actual EPSS probe tip during
scanning of the esophageal epithelium of a pa-
tient with Barrett’s esophagus during a clini-
cal procedure. The scanning illumination spot
is seen on the esophagus wall at the upper
right of the image. The EPSS probe tip diam-

eter is 2. 5 mm 26!
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the same subject26]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



$e il

SR8 OCHUR I TE A W B2 7 U Y 22 e A 109

J. AN TEAE S PLSS NS IR 1g 25,
B A% T fi 2 i 4 1 ST L ofE S B I R R
— N A B BRSO W B AR TR AR K R ],
Tuniyazi® N7 6 3% 98 il F A o 7 P i
PLSS % % (snapshot PLSS) . i% % % ffi F % 1% i
il O 41 7 L 42 1T S R Y B RIS O L i R 4 T
LA 58 e 2% Ml I i 1 B . L A 1 % 2 3 B
AR (CSIMD) H @ HURAE 5 OG5 o Ak w

L1 A1 L2

P1

F i TGS AR A 43 HE R . IR PLSS R4 4n &
6 Fizs . i a4l ) B RN 3 Bk B S R T &
T PR 5 7 AR O AR O O i 4 R AR U B AR
Bk B AL S B OE& ar RAR 51 2 5 A
P2 B8 DG B 3X — 38 43 2 B T 1) S 6 i AR
FE— A HEPR 2 18] (1) 3 DA A% 3 Z O ok A
AR . MR B OGRS el O R A AR R DL SRS
FH OSA i 5% il /) 3 .

A2
L3 L4 Q R P2 L5

BS

Sample

€1 6  Snapshot PLSS 24k . 6 (L1,L2.L3,L4.L5) ; FL4& (A1 A2) i diR 48 (P1.P2) ;43 s A% (BS) s i 0 22 WU 5 2 — P Fr

(Q) s 2 28 (RO 512 8l () 5 Pefal () 5 634X COSA)

Fig. 6 Acronyms: Lens (L1, L2, L3, L4, L5); Aperture (Al, A2); Linear Polarizer (P1, P2); Beam-splitter (BS); Achro-

matic Quarter-Wave Plate (Q); Retarder (R); Slow axis (s); Fast axis (f); Optical spectrum analyzer (OSA)

R T VEAGACES B PR Be RIS M B 5 /N 2 X
BRI R AN B AR AT TR, JF
S5ZSZEMIGIRZ B & K17 7 e, &I
PLSS ) 5% 45 PLSS 152 56 45 2 — 20, L4 10 i
LR /N3 A1 A B R RS AR EARAF AL I Ah,
%R GERE AT A H DA ZH 21 3R MR A5 S A
M RA N SR HMAX Rk, HER TR
PLSS, PRI PLSS AN 22 FAK 1 T Jié % w4 % » R
GE A8 3 A0 5E 2, LA RS A PR AR I % R AT B 4R
o HLR AR R G Bt N PLSS WA i — 25
R o e B R N BB PLSS R & g 4 it
TATRE. HJE PR PLSS e 8 #5610 38 B A%
T M LA AE S S L, T 8 Y 40 o) A
AR S SEBR A A BT 22 7. LA, REER R
AR RE I RS 45 R A — & R, Ot
T R 2 R0 R R B B ]

2.4 THRET

SRR B A% N A ST 248 T 8 0 A R S 2 i gg
BT B P AR S, A BRI A 9 2 6 2k R
SR A AE ) — AR R Tk /AR RPN T
G 9 T 248 B 45+  BPak 2 — B AT DLAE S oK
K- b W HR 240 R I 48 L # [) Bs SOAS 23 il SR 1)

REIFE A . Mourant 4 AW W58 1 80 W v i 9
20 B DG 1 B AR PR . 4 R AR BT O A
KT 110 MU IRk B LA DNA 4. 1Ak, 40
A X A~ 240 D O BRI Bk o BN Sl 4006
FR AR ok BT RORL AR 55 0 R 454 . Fang
NIRRT — B E vk BEAE DL 20 nm (ARG B
D&/ 2100 nm 1Y 40 . H AR 3 an 18 7 R
N o SRR TR A T B SRR L0 TR e A AT
M HE B 0T 150 4 SO 20 B A% R A i 1 2R AT T
PR, fe e F LSS I 5E YKL BE 0 Al 5 H T 2 6ol
e R B ORLRE A3 AT HEAT T, SRR BT X I
TR T A Y 20 M g O AR 1 2 W O3 A, RN
100 nm £ 400 nm A&E , 5 b Gl B A9 I B oy A R
—.
J&i 3k s Mulvey B Jo[a] 051 BT R R 09 7
R M0 A0 B T AR AT A B TE S A
ML TS 0 10 B 15 43 5w LAAS: 00 3] HCAH O 3
R A2 A o 33t 3 B O IO O 3 TT LUK S 4i i B 35
2778 A SR A I 240 M R TR
2.5 FAHBENXWRINEE S (CLASS) 5% iE
{4 40 B

Fang'®, Ttzkan"" fil Le Qiu®2) 48 A 61 14 Hb



110 W i o 31 %

g3

(a) (b)
1.0

0.8
W EE L 4TB

B9 B

ffLeTA
0.4

FEA 0.2

0.0

h, 100 150 200 250 300 350 400 450 500 550

H AR mm &
7 a LSSHIMIINKIE. LRJGLT A SHBOLL B MR g~ 35 pm; L HOLEF (L7 B AR p=200 pm) SFEAR JREJE hy =~
2 mm) Z B B hy A4 mm; 21 BUROEGE 0~ 170°) drli 6 2r B UCHE - M X o dBEF R AT D4R NA JusE s I (A X
I8 Ry OB B — S IO 6 X B R 5k R o BA25°, b ANMER KN A EL . LR N LSS Sk 4R B, K 4R
S P P 0 B T A 11 4 A

Fig. 7 a. LSS Test diagram. The distance between the transmission fiber A and the receiving fiber B is =35 um; The dis-

tance between the transmission fiber (core diameter p=200 pm) and the sample (thickness 22 =2 mm) is h1~4 mm;

Backscattered light (scattering angle 92170°) is collected by the receiving fiber, The angle a is determined by the probe

caliber NA; The dark region is a single backscattered light region; Angle between probe and normal is f~25°; b. Com-

parison of the size distributions. The solid line is the distribution extracted from the LSS spectrum and the dashed line

is the distribution measured using electron microscopy-!'7’
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Fig. 8 a. Schematic of the prototype CLLASS microscope;b. Crossectional images of two 16 HBE14o-human bronchial epithelial

cells reconstructed from the CLASS microscope spectral22]

3 AFBER AL R HREED BT R A

1 g 2 Sk 290358 A UL M bR 2 — 4
FARIBGIFAMIRH FBOR G & & . B0 05
FERIES F AR S 2, Miller 28 A™Y X 15
A [) B SO P P R T 91 AN UL SRR 8 44
et R IR N AT T OIS o AT, 38 i R
I 5 TR 0 PR i R e % 4 IR (NADHD 1y 28560k
%5 337 nm Al 358 nm G 19 4L EUE A 9k
JCIE AT LN G L IF R I ARE DO 1E 3R 15 T
KT HEHALRRVCH AR (B 8, X
el SRR A AR AL S S R B AT A A YRR
BRI HI TS S 2 M. i 456 X = F4 R 2
BERFE U T — R FR O Trimodal J6 3% i 75
L H R AR SR S Bk E] 96 Yo 1 96 %0, T
X7 9 24U IE 8 22,

Mourant 2 A\ F 2007 4EP00% LSS + A
T B B TR A AT — T I ok

RSN 36 ) 5 B BB B R AN AT T OIS R
. B anE 10 Fros . BRE 0 I i 5 4 4%
filk . SGEF D1 A1 D2 43 51 2 e B 09 F0 AR D I 09 56 1%
G, 4 D2 BEFH LR EA 2 SR R
eI (B 10a) . MIEEF DI R G 8L, e 4F
1.3 F1 4 HI T W R B G  Horb ol 2F 3 i Tl s 1
BT A G B 09 f B 06 (&L 10b A 100) . S
B ROC fi4: A1 Logistic [8] )54 %0 4b 3 5 5 9%
ARG AT 45 b 4T T Hexd . & B R B
728 (HSIL) 5 4 HSIL By 8088 v A Es 55 7 38 )
100 %1 80 % . AL A H T AK/KF (6 3 & T %
AUFD S (18 00 £ B 1) 00 ] DA $it A3k S g 25 21, e
DAAS B I 23 25 95 N4 R AT Al AS 3, 17 HL 0 4 AH
MPRBE AL

TE 2017 4F Perelman 25 APO¥ LSS A Fnzs
[B] 145 G 2T PR 25 G 2B Sk F000 JBe Jit A48 4 9 28 1) S0
PEFRRE . MATTH & T — B i AL 38 . 25 JLEM B0
AT A 2 i 9 R AR 2 A T A6 2E 0 RO



112 o i1 5+ 2 Eiid %34 %
12 (a) 12 (b
1.0 1.0
b= 0.8 = 0.8
= =
| 0.6 | 0.6
o o
0.4 0.4
0.2 0.2
0.0 0.0
350 400 450 500 550 600 650 350 400 450 500 550 600 650
K (nm) K (nm)

B9 7E 337 nm G AL R I I 2 50 i 2R 43 % 3 52 I T IO 1% B0 4 1 [T AT 920 . () B RE BLAT 1CAERD . SR T 2
JEE I CRLERD Lo #5e . (b) S 4y 2 (ANl 5 il 4 i DR CRLEE ) 14 08 T P A W 0 — % 75 R (NADHD AT Hp 028

Fig. 9 Intrinsic fluorescence spectra of the 2 spectral components excited at 337 nanometers (nm) and extracted with multivari-

ate curve resolution. (A) Spectral component 1 (thin line) , compared with collagen of the submucosa (thick line). (B)

Spectral component 2 (thin line), compared with nicotinamide adenine dinucleotide (NADH) of a tumor cell pellet

(thick line) (28]

g R 2 1 T4 LSS ST T I PR M o T P
V1), 2555 W], 5F AT ELAT W 0 0 097 G0 S T 4
1SS A B Ay S R T 1
W0 B0 995 090 o 2 AR 0 5 R o W R ik B 95 %
2018 4F Le Qiu %8 AU I 3k T 56 1145 9 14 65 F
(v) S (LSS 7 W5 T8 TR0 K 0 e 17
S 3 T 05 R A D B L0 B A B L
e I 12 B 6 £ 77 2, 3 LA AT 06 11 1 2 06 it
P S A e L R O W B B R T
Lo A 550 B0 T 9 2 A 0 T A
L5 Bl 24 T A A

(a)
A NE| — LR

&

10 M R GRS, )84T 6 1 % £F 4 1%
FIA AP, s AU 6 i OB
HG LT W AT FE CCD ML E. (b FE %
BSES . JELF 1.3.4 il D1 b 2 3R b i 1=
Jr . SEEF D2 AN 2 43R Al b Ak i 2 i sR

LFYE. (o) FLUe 2R 4 AR T 41818 20 JiF £y L2 (¢)
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Fig. 12 Microphotographs (a) and LSS spectra (b) of four bacterial strains: E. coli, P. aeruginosa, S. aureus, and K. pneu-

monia 16
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