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Application of skin autofluorescence detection technique to diagnosis of diseases
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[Abstract] Skin is the largest organ of human body. Its histological changes may reflect local lesions and serve as the manifestation of systemic diseases.
Some molecules in the skin can absorb exciting light of a specific wavelength and emit emission light with a longer wavelength. These molecules are
called endogenous fluorophores, and the emission light is called skin autofluorescence (SAF). Different endogenous fluorophore has its specific
fluorescence spectrum. When the skin undergoes pathological changes, the content of certain endogenous fluorophores in the skin will change, and even
new endogenous fluorophores will be produced. SAF detection technique is a non-invasive, convenient and low-cost optical measurement without toxic
side effects, which contains autofluorescence imaging and autofluorescence spectroscopy. It plays a vital and distinctive role in the diagnosis and
differential diagnosis of various skin diseases and evaluation of skin pathological changes by analyzing the fluorescence intensity and the excitation or
emission spectrum of skin endogenous fluorophores, especially in the early diagnosis of the disease and long-term follow-up after treatment. So far, SAF
technology has been used in differential diagnosis of psoriasis, atopic dermatitis, contact dermatitis and other types of inflammatory dermatosis, in
monitoring the treatment effect, quantitatively evaluating skin wound healing and scar fibrosis and predicting the type of scar formation, in quantifying
and calibrating skin aging and photoaging, in differential diagnosis of multiple types of benign or malignant skin tumors, in guidance of the scope of
resection in surgical operations, etc. In addition, SAF produced by advanced glycation end products can also be used as one of the risk grading indicators
for various system diseases such as endocrine system, nervous system, cardiovascular system, and urinary system. This article briefly introduces the
principle of SAF detection techique, reviews the application of SAF technology to the diagnosis of diseases, supplements the application of other systemic
diseases and provides an outlook on the future development of SAF detection technique, in order to provide reference for related medical fields.
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BRI B ER o353 (RLFE AN S dm i ok ) mr LA ok
FERK ARG (WAL HFABULSS, JFEE
BRI EE B MBI, AR 0 R SRR R B Ik
BA&7E5G (skin autofluorescence, SAF); iXLL/rT-HEFR A
WIEPESE AT . B AT E 0 B TR P IR M 2 A b bk
(porphyrin) | 374 B AL 2K 7= ¥ (advanced glycation
end products, AGEs). ¥ . b5 AHGERE RS —
f? (reduced nicotinamide adenine dinucleotide, NADH) .
R FE AR (flavin adenine dinucleotide, FAD) .
KNAR . ARAR . REES . HHEES . BERMM
HEAE DL SO EA 2RI G, RIS R Y
JEIE . WO OGTE A I E KOG , PEOtR EE Rl &
WA ARG 5 TR OGS R E B BUR O,
T 1 A SR G 2 R B AE A R A B 4 A . 3X
i v B I 5 T 3 DA A () A B T ' A A IR
FIRIEXE N sciution Nemisions Nex/Ne) o HI T BEFI 2 1]
B N/ Nen o FEAE 1Y, BRI AR AR B B AR i
LA VER Bz k20 205 0 e A= DR ZS 9 A F A e B T g

AT, 5% BRSO AR K B IR0 Y SAF £
MEAC A Z PR L Bs h A IS REH. &
SO HAE B2 IR 12 b B 0 AR S, IR T %A
RIEA AGEs 2T HA 22 G0 Hh i H

1 STEMER BT
L1 BB N

R o R o DL A PR R PE R R — R AR
KB B g L ml AT 5, BRI 5 B B R AR BOY A
JHO A S S RN RE A, B SARANML . ELRELAML . T 40
i 60 9 e PR 4 i A5 R 200 IR i KR AR I A TR B
Bissonnette 45 ")}z Wang %5 * 43 I fiff FH I & 442 nm K&
(405+10) nm IR ' REHHER S 5 A8 25 0 748 B A 9 A8
AL B TR A L, o 7 RS 2 JOR 1) ¢ SR 663 TR AE 635 nm
WA —5E K T, H B 2 o B 5 )8 e 28
AR R IEME (7=0.627 5, P=0.002) , ifi 3F 5 25 A
149 Bz JoR R G Ath, Rz Bk o A8 2 TG A 5 77 2R 20 I R S I 1Y
Jt DR 2 B8 9 AR BB AL 1 55 S8 v LR R DX (protoporphyrin
IX, PpIX) MAKFFm. Bk, SAF KA 4R 5
W ST ROTA I T H

1.2 HERVERE %
Rtk % (atopic dermatitis, AD) J&—fpEdE, &
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KMk RAEMER R, DARIZUREEANES N 2SR, ]
RATHAFRE, BaE)LEREE ULEBRE 5%
20%) o EHT R TCA A2 W AD Y ZH 2Lk AE P
Yy, FEAREEIGIRRIL . SN s FIRE ARG g Wr . (HXx5 T
TR R R A BRI R, JCHREAL, b A i
RN EERIE, 5 5RBERIRE NSRS, 28
o B AR A 5 AT MK 2 B VO YimAE M R 228
PR IR AL AL AE 408 nm YK RO T 7 A 9Ot
AW EAR . AD BE LA SAF7E 620 nm, 530 nm
F1470 nm YA AR YDA BE K SARDE G5 B T AR AR
WAL (P=0.000 8, P=0.0007, P=0.0005, P=0.0003), J7&
620 nm. 530 nm JE AL YD R EE R SRS AR FE AL T
FEXFER (P=0.000 0, P=0.000 0, P=0.0000); Tfi%/E &
HRASTRAL Y SAF 7E 620 nm Y KA 1T 13 s Tk
FEXTHR (P=0.0119), {H7E 530 nm F1470 nm % K AL A E
SRR B R SRR 5 R 44 55 A 2 S S R B o) R 2 S TE 4
TR X T AR AD SR AS RO K I A2 Bz v i v
HIRAEPE | L JRE AN M IR T B IR AT (M5 £y
HEFIIFEE ) & RIS ik, SAFRIAT Y
TeONAE X 2 Fepi PR B

1.3 Pk R

T2 Ml vk Bz A 48 B K 26b A ok BE L6 SN IR T ), AR
Tz fil AL 2B B 28 Mk A S o AR RS LR (4 AN TR
TR A R R B S B2 R (irritant contact dermatitis,
ICD) 175 i P 2 fil 4 B2 % (allergic contact dermatitis,
ACD). HET, IR b E 2R L L 6 R 0 S B i
%X, ICD BE Z AR, I ACD i35 W DL R 4
Ib IR R EELR I, {1 ICD I ACD ) 57 #5334 141 55 175 it
111§ FL 7] — i 3% 7T A& ) if #7 76 ICD F1 ACD, - [ A A5 52
Rl R R S S e Ay TR M 5 1T BRI e R A A e | #E
BH, B E T T W A A b A ] gl Bl as e
Shin 55 "' & BAH FH 408 nm ¥ & IR CD 83 19 A2 5
D B IEH B IR LY, AN R ICD BRE B & ACD B3, i
AR PR AL AR 2 o B AR T IR B TR, X T BE S A
JEBEIR I B 2 I RAERIE A 55 T ICD Hl ACD i 22
DL L TC I b 25 5, B BRLAE SAF A6 I 7 % 571)5 2
PSR K 58 b i Ar A Ry BV T 8 BRI 230 45 2R ] S
Bk, I R I AT 30 Ao X0 45 B Dt 396 Az 000 35 97 7% 408 nm 3
RGO B X A5 R AT HE (BHPE R HE R IR R
14 4 A~ Sy 3 A KDL R 5 R T B 50%~70% L L
AR, T = 12 W i e o
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B Bk 1 A e — At Z R A S A N 2 5
Bt ®e, WRRIERON . R Ak, RZFHZUER. i R
Az O TSR AR BT I A AR U HETI R IEA 5 F A R
PRI SR KRR IO, W T AT LG . A2 A
BefE, X 0T RE 2 S B0k — 40 09 41 ZUB 45 R4 11 48 SR A
A 7, Wang % U HENT TARSN AR RO T A A,
1A L B J2 v 0P 0 S SRS 7 A 1 L AR ke
[Nex (335 nm)/\, (390 nm) | AT 5 & PEAL 5 TR/ . TG
TR BB, T A 3% )23 1 €0 8 7 A 1 AR5
[Nex (295 nm)/\y, (340 nm) | AT BFAR 2 F2 20 i 38 5 F s o
PEAG R ARIPIRAS o U EIRSCEG WIS, [k SAF
G4 A 07 P AE TE NP AS AR B Jok A5 D i S R B A T
B, FEIEPRE IR, 15 ARG ARSI K B O
UURR, JERUBIR . Zhao 55 1" ZEARSM S50 v LA T IR iR
BN R MRR IS KAV B, 16488 nm I LG T,
Wi IR 4 211 9 5 i 7E 548 nm Ab ik B I {H (176.71+
20.69), i 5 B Jok L e L3k 2 B IR 2 e 120 Ak 11 2
SEER AR H4 103.91£15.23 F1169.24+9.18; {51 158 % B4
BRSO IR D) AT A A AR IETE 50T T Al s e ST 4
(EsF, AR | R . R KAMVIE RS,
XA A5 VAL A R IR L S AT A AR B A, BRI — A T
PRI T EE RIS AR . Viktoriya 25 20 5 1 TE BRI
A PR RO R P R B IR, S B R b i) LR
PIEIRIE, RIAEME [Nx(535 nm)/\;, (585 nm) | 93
DATVE I W IZ & T8 bR 2 —, JFIRA5 ik 81.8% 1Y
EURRE TN 93.9% (MR 51 . FIRIRIZ I fBE 1 IR B2 Ik
TAAER R R S AL, L SAF RN iA T DLliz A1
AT R IZ P I B AU 4 AR DT Rl .

3 RBELREEL

Bk B A5 1 8] 300 3 i A A f) ik A D i A, TR
B R A 0 2 B8 T AN R AN IR B P A i A, RN
JeRAL P BRI R A MO R 3 R B 3R A A T
T LA M B D | 3B - IR STARAL A . PR AR A
A ERIUE R ERAY, H R NI A A s K
ST AELS IR A

31 Mgk
i % A 7E 295 nm 3 &6 T 7= AR & SR R 98Ok
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S EERRA, 532 B N A TR 400 R e sk L T B0 €
PR & BEU AT G, WA 335~340 nm i k6 R R AR &
SOCR PR BRI, 5 8 8 R i R R AR RS
AP NafF P4 7E X AR TG 28 A 2 2 5% 04 T 3 1 ik
B R ITE RO IR A8, HAE N, (330 nm)/
New (375 nm) I Y2205 B 5 4F I8 52 IE AR G (17=0.25,
P=0.002) , AR B ZY 2% 1 AE Nk (370 nm)/
New (455 nm) BF A9 25 B ) 5 4R 08 T8 G, Ak i 2l
2 T I 43 A 0 B R 1SS B R A L AR
Sandby-Meller 55 ' SR F [ RE (19 T i BB, 2034 I
wLO0E ML JE B S I R BR AE N (370 nm)/
New (455 nm) B 19 520158 B2 1 5 AE g B E A OC (P=
0.08~0.26, P<0.001), T ik &AL K Bk TE N« (330 nm)/
N (370 nm) B D)3 A S AT 08 MR 1 s SR F 5% 19 245
RIFRE2—8, HEARED, FRESBUREEHRL
ARG SAF 3. Rk, SAF $ A A ofe il FH T 4% v 5
AL R RR AL, AR AR A T i W B S 5 A 5 Y
i SURTE A

3.2 kel

B IR A Y] 5 o T 50 A4 i 3 UK 63 270 nm
F1305 nm Ab 87 2 G AT G H B0, 3 AT AR 508 G
FAE J AR G 2 At 2R A2k A (ultraviolet A,
UVA) % i ) 3R B R 30K D6 1% Hh 295 nm Ak 5¢ 't i FE 4
TG 335 nm &b 985 BEREAR, 3 AR A AR SR X O B R
Byt Y, HHAEFA A A, T auem
)R IPAL o Togsverd-Bo 45 70 XiF 30 v #% B A AH ) 1)
A VAT LB, 7E 370 nm &b & 99O 5 %
ALk T 5 AR B N R RO - B0 IR Y 9 R OG
WAL (8 5 ' i BE R AR Ay I R b 2% 0 s Ak O 4 1 1 4
b, AT h & RS AR IS B8 Y O 8 A s 4 A AT A )
WHEFF o

4 RBEEME

B kO PE Mo 4R T M B 8 K ¥ (malignant
melanoma, MM) A AE 2 (4 98 7 9% (non-melanoma
skin cancer, NMSC), Xt NMSC X 43 b % IR 41 Jfd 43
(squamous cell carcinoma, SCC) F1%EJiE 4 it 4% (basal
cell carcinoma, BCC) &AL, phy il Jag 4 it A &) Bl 1
R DR 240 B R 3 B A DL AR BT AR TR] R ok e 2
UG IER J R SAFAFTE2E 5, ] i B2 W B I 1
T o AN CREGRI TE B IR PR b g e R AR 2 A
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an Pp IX T 45 2y NMSC A F1¥% 2h T3 97 2 e iG] . 5-%L
H BN E  (5-aminolevulinic acid, ALA) /& PpIX 7T
WA, JREBAMECA ALAFLE A3 hs, ALA A] 8
A A BT 2 21 R A R R e Ay PpIX s rbigg 41
U I 21 2 & AR R, AR R T 3 2119 PpIX Jf:
UL IER ALK 5 2 i NasgE 20 UEB] BCC AR fr
1 B JIRAE 370 nm & O T 7242 1 SAF 7 455 nm &b ik 5]
(B, FLUR (B 2 ' T 8 B T R R IR W R R AIR (P<0.001) ,
AIHE 5 NADH ., WA b A S 9O A b A
&, AT DU Pp IX 75 5 (0 2 XS Bl d i AT e o
T SAF A B 4220 k11 JC 75 B2 1t FH A R BGR Rt
ALY iegg VT8 i AR i #fE £ B[R] . Brancaleon 45 0 Kl
T BCC J2 SCC B WA HBAT 1) SAF S B & B, 7F 295 nm
PR OGTS  Jied F8 o7 €0 20 R A R 5 | ke 1 2 D' B BE LU IE
R R AL, KR IR A6 3R R A B ) i I R i
BB TR, AR, 7E 350 nm RO T L IR A 5
F14) g Jir B 11 3 IO DG 1 9 DIt 58 B 38 LU I L U1K, X
AT A TP TR 20 R 1) il B0 A 2 2 O A 8 A2 ol o
£SO 0 S B N LRI DS S S A R A S DO 3
JeAWMVE, 7E 410 nm &G T, NMSC (k28 H
LAY Bz JEk Lo S R E A 27 A i 9 G BE TRAIR B AR Al
NMSC 3  FIIE H Bz PR AE b 3 Pl KA B A 56 i s JE 1Y
ANIF, SAF H AR HS B IR BRI #4712 W . (8 K-48 3%
(K-nearest neighbor, K-NN) B8 SAF Y61k a] LLIX 43
SR PR B B A PR R PG AR, fUdE IR FE BBC, 45
W BCC, B AR B, BRTAE] 92% DL RS
R R B 5 AFL I AR TR R R T 5 OGS A 5K
P EAT L, DRl B Sl A ST B R e 12 T Ak
A I ER B 2, 25 b, SAF R INH AR A H T NMSC
HH ST, % T MM, Lihachev % ) % B HAE 405 nm
K6 M4 (light emitting diode, LED) FREFF =41y
SAF = J§i{% (red green blue, RGB) [E{Z 1250 i 1 i
KT BCC R FRIE, (AT EY I MG 1 508 o H 5
FETEGET2E 25 5% . Wang 55 B4 fifi I 3T 21 098 6 A8 0t 5
B OMRuE A AE .  PE RCER A BERERE (MM Y
RO AE) AT BT R B, T8 ) B 35 A A (AN TR R A
A XA LB R o DLk, Tamogitnas 45 ) BIFFE 17 Jik
T AR S5 IR N SAF B3GR SAF 87 B ik
D AT e BRI R B A R bR A, DR SAF A AT
ANE P 7F 1 TR T P 0T B 5 AR A2 1 S A

T Hphiiz HY SAF £ U2 AR IZ W4, SAF Kl s i)
B A At A 0 2 LA B 1R 2 W 4 A 8 . f F SAF 1 8-
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GEEIN X R IF GAR 45 G 1RO TS UGy 25 46 A5
M 28 PE BCC R M il 5, LB (i A &- 22 R i TG R 17
SIS T HE T S BRI IR A B B SAF X PplX
BRI AT IH — b5 (R 97%, FEHFE
100%) , % NMSC 7 v f 8 4 L 2 il i Pp IX 2¢ S
DA G T (RBUE 27%, RSB 39%) 7. mifli L2
JEHE . A WOGIOR 1 SAF IS R 214G IOR 1) SAF Ol
WA 3 FOGIEIR G4BT, JE X BCC. MM B B A AL
RS IR R RE B R bk BER L IRBAIR A A
TR IEAT S, ATIAH]97.3% A S E
T T e o bR 43 2 N R HLRE i A Y
A B RIBEIE A SAF G Kb B0, Wil AR R
J& (variable importance in projection, VIP) 43 #7 M i fix
/N (partial least square, PLS) [BIH4#T, A K 4F
X 7 MM, BCC K H Al Bz Jik R i gg - (B R &1 49
AR . MRS .

Khristoforova

5 T AEGs RHMNEMRENHER

B Bz K99 &1, SAF Kl 2 A Al 1T Jo B3 Ak K ik
AGEs ity R LUH B HoAh R G B 1912 1 1. AEGs &k
P L0 K2 R B 7=, AEL ST i BV S 1 2 4RI A
KR TEBR & A G, nsh ko fk . BRI . 18
PEB DR | BT R DU BR AE . SAF A 4 (n
AGE-Reader™) 18 % {# I 300~420 nm 4 34 & 't FE 5 i i
B Bz JER DX 38R, I 40 6 016 B 3 A 8 A6 0 1z JEk P VR e
JGIA A 7 420~600 nm & SFOGII IR, @
PRUEALATH SAF 3 . H AT SAF I 7E 11 AR 32
FEWFIL RS . WIRARG . DIE RS, MARKER
GRS WT . Biltn, SAF Al FH TR & A BE AR
S Ay 2%, SRR DR AG I B LA T 2 AGEs 76 B
i B A R, 0L 50 M IR v Y S A
Je W 4V E i (acute kidney injury, AKI) H# Ay
SAF I T2 ¥ WES%  (chronic kidney disease, CKD)
. P BSOS R A G, PR ke A
SAF A B T X 43 AKIFI CKD 4, SAF & i] VE g O IfiL 455
s e AU A 3 4 DRI BB T 3 R I A8 90 B T 23R 1) 9900
b 0 AEMZNATIRE T, R T RE RS R
SAF B & = F 1E 5 AR D) g 32 1038 19 SAF (2.56+0.55 vs
2.10+0.41, P<0.001), 1fii# SAF (SAF>2.27) 5N
PR S AFAE B FE AL (0dds=6.402, P=0.009) “*', [A 1
SAF 1 B AE W BN R 112 W T 2. 534k, SAF 5
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(e B S IEMSE (B=0.06, P=0.03), RIARER ) %4 M fi
Gy VAR Je T R R TH L 2RV A R G
B, SAF FZAEN AGEs (9 s PG T H, 5 b 5 H
¥k AGEs I E Y B o BT & 2, SAF H AR 78 WA
AGEs (WA ZUE FC T4k, JFHAEZ RGP
LW IR

6 HIES5RE

SAF K R BA TR HEE . ARSI A, 1
%ET&W&MT BEESAMEESO A (RIDEHGI)
A 3k G B 2 R R R0 e e R L SRR o 2 A I (7]
NH%&%&%@NKE&@%W@W%@%,ymﬁ
W w2 R BRE . O RIME 50 B A [F]3BA7 f
SAF 5 i SLLRANTR] 90, DRI RGN [ 2 ) B Gy I3 7 )
SAF 3 B AT AR AL . QR kR L Z IR E KL ZE N
(4 1L 2T 28 T 2 e o 242 BRIkt (Fitzpatrick
B2 R R R V RURTVIRL) (1% J Tk 5 W A0 o Sl R ik Iz
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