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Fig. 1. Basic principle of fluorescence lifetime and schematic diagrams of lifetime measurement methods [8:9]: (a) Schematic

diagrams of fluorescence emission and fluorescence intensity decay curves (single component and multicomponent); (b) frequency

domain method; (c) gated image method (single component); (d) streak camera method; (¢) TCSPC method.
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Fig. 2. Improvement in FLIM imaging speed: (a) Dynamic FLIM imaging of diffuse fluorescent beads in aqueous
solution (128 pixel x 128 pixel, 3 fps) with ultra-short dead time TCSPC hardware 141 (b) FLIM images of live
intracellular protein interactions using multi-focus multiphoton excitation SPAD array technology (256 pixel x 256 pixel,
15 s/frame) 211,

178701-4



¥ 38 % 3R Acta Phys. Sin.

Vol. 67, No. 17 (2018) 178701

B H ) SPAD A% 8 38 R, 38 G A 32 A A
I 18] 5 07 B A5 B ek /s B 98 B OR 3R T R R
Poland % U |45 & SPAD FEFI A2 48 4 2t T
K TCSPC-FLIM AR, BE3k#F 1 5 LSCM-FLIM
B oy He R, X — BT T R, 5
TR i A b A B 5 A TR A O R ) FLIM Y
% (k2 (b) Fiiw).

bR TR R AR BB I AR, x4 T 20 BAk
B R SR T UG 1) — M RO A, A GRS
— R ARG, 47 O, IR 3 %
SRR A4 I R T 2 SUMMLEI XU T80k FLIM
R R SR E RS T =4 FLIM R,
AT T 50 ps Zo A I IA] 73 HE, FRAE UG SR AU
[ A TG i R NE 2 QA S /L & TN TR=
Wy A AR R O R X . R 3 4 T Bk
RO R X DL AR 3R, B ML o i+
JEOMGER X AT, AT 48 KRR H], 42 T UG
B USRI X — R R R T — MR T RO
%25 (acousto-optic deflector, AOD) F-HEHHH Y
AOD-FLIM A 23138 3o /0 A5 2047 i T RR 4
SRERIST B], MTITIE B R HR 2 T+ BUGOE FE I H 1. &5
BB E AL SOm AR ], AR R R R T
A FH Tz 3R ¥ FLIM RS AIE B 1) B0RL 1 5E A7
FLIM $A P fE3E 4L P12 3 B AR 1056 77 iR
W7 1 HA — € 1 N H A5

T 3 9D B B 0 S R B AT 2 O R Uk 4 4
B R T B SR A A2 4R T I 38 FLIM B AR e 5
PR — A SR . A 258 1K) 2 D 3o Uik 4 A0, 5530 >R FH B
/N 3Rk (least-squares, LS), 125075 I # & 5 (H
EORUENS 2 106 TR T &G, KR
IS ) AT 8 0o 72, (HR BRI 1 BB E B2 Rk AR
KA 11 (maximum likelihood estimate, MLE)
SRR B B ] — B R B PR AN O 1 2 K,
TR AT o AR M AR T GO 2520 i L AR
2 I RH B 20 M vk 0 O R 10 6 A i 4, T
TR BB E R OGS B A i B A A
(phasor plot) b N ) g IR A i (5 8. %07
EA G AL 1 B 53 A, 10 B AT DL {58 A S B B
Moy 52 Mo FE A i) X 4y, 5 H A &R 2
EA T 112728 Lakner % 29V {EH 5t B e
3D A R 50 e o3 B 1 AR oy i AR i 2
TREA G 715, 45 R WA 72 B0 21T I 7R 225
DRI EEER B, B8 b A PROE. Marois % PO 2 1
BT RA G vt (1) B e 3 B R 43 #T (noise-corrected

principal component analysis, NCPCA) &%, AT
RRIE R FLIM $E A7 78 (iR 2288 75 | %7357 A
SEARKIE T T BORA T GO B (1 70 A, BEE R, 1
1 78 20 73 BRI BT R 06 TR A B MR e D
AT S e Jn il A 7y R 5RO 43 1 1 3 Ik E)
JIFHAL

3.2 TOLFwMNERERES

FELRUEPOE FLIM B B LAl b, dnfa) S ¢
Ot 7 iy V1R TR i 00 = R O A ) . b 98O g
IR B AT MR A 5 B4 R 7 T AT s IR
K, WA PRI A E R R RIS PR KR,
TR e SO B B AF 3 7 KIRIR T, RGtME S
AILLREAIS, (5 5 RAEEMCE AT LU &, BBIE M L2
e, PRI O 75 i DN BERG P2 G R . (H A2 Jd
TR 42 1 77 i WU K 2 ) RO IR A B, HSAR L
wen UL DRI VR 22 RHAE N 573 %% T 38 3o v ok o A et
ot B AR RAE BURAS e L B G RT3 R ey
PRAIE 73 iy V1 ORS00 e . 7 B ARV 2 e
PG Ak 33 By 0 SR A5 R A5 T bU A 22 1) 9% e 77 i ]
ST AR FE, 0 R TR AR 7k 3 P2
KN AR e M A5 S A% B (genetic
algorithm, GA). X [\ f& 4 (back propagation, BP)
L EAT N A N 25 27 2T, AT s 9% D 75 il
BIHERATE. A ERERE K B[R0
P PRI 1 BT 77 i 2 (rapid lifetime determina-
tion, RLD) J& 2 [ T4 4R i LS 0 & Bkt 47 1 Xt
U 9T, &5 SR 2 B 2 1 45000 o8 B E 00 8 K T 22,
Ja WG I AE I, P e AR 2 N T & T
AN, HAMBATIEXS I T 5 A - 55w 54
(Levenberg-Marquardt, L-M) [ & ¥ B 2% % 75 Ay
BERTE T WA, RIAZ AL RLD A 38 1 LS
BA B GRS R, H A8 IE A R A28 e 57 bR
# (instrument response function, IRF) #E7Y [34],

BHx TCSPC-FLIM, Al [fi $2 2] MLE 5941,
G Al DB L6 0 1 30 2K, SR T R
JEE 19 [ B CRAIE T D0 G i 125:20] S rpoRl 4 K2
CARER AL B X — B4 (the first moment, M, ) V%
5L LS #EAT 1 LhAL, 45 K ILAE 75 dw B0 H
T BB WER T, MOEE RS, TR
Rowley 2 321 $2 1 R i ULH- i 77¥% (Bayesian anal-
ysis, BA) K7 M f6 BOL s, IF DUB m RS 2
XF TCSPC RS A7 AR, 0T SRS AR Hi

178701-5



¥ 38 % 3R Acta Phys. Sin.

Vol. 67, No. 17 (2018) 178701

RUEAT B4 v A, AHEE B3R LS 5 MLE &%, K
HERRFE ST T i, T Yang 25 PO 34 1R 46 B
(compressed sensing, CS) 5% T 9¢ 6% i £ 4
SR, B 1O B AT 1) 2 20 0 RO T A A Ak T
FOHERAIE. X LA SR T HUE 7 1 28 73 dir 41
A R A R b R 1 T

SR RS AR R T L — B AR T AR T 5
TELKERE. 40 Zhang A1 Li P73 22 14 43 47 AL
X 8 /N7 2 fi i IR BT (least-squares deconvolu-
tion with Laguerre expansion, LSD-LE) #17 1 &
1E, 42 E DI A AR AR ) P I N % R e MR
T AE o e . P 2 B TR AR AT 4% PSR

1) 1) BT IR AR 5 AR SR S LR SRR ) RO T
fir, R T AR GE ARG REL s . (H
LR BRI — T B S i e HERA Y IRF, Atk
W K B IRF RS # I &, 2R YE K7 ik i
U 2 1390 DAY AN BRAL A0 7 00 2K IR 5 e B AR R
mh, KJE T — Mgl & TCSPC &4t IRF 177,
M B 7o 56 6 73 i U B RO HE R E. Gao AT L 1401 01
KHY B R 2P (extended Kalman filter, EKF)
Bk, RIS T TCSPC-FLIM % 40l & 1%
F i FMUIRF, &% 1 % IRF i B30 &, [ %07
V2530 BLAT NI ) i AR I B A R
.

1T HNE T LR & HIR A L [29,26,31,35,36]

Table 1. Comparison of several fluorescence lifetime fitting methods with low photon numbers [ .
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Fig. 3. Improvement in FLIM spatial resolution by combining with STED super resolution imaging: (a) STED-FLIM
super resolution fluorescence lifetime image of ATTO 647 N labeled NK cells (resolution 60 nm) [#4]; (b) CW-STED

vs. confocal fluorescence lifetime image of 20 nm diameter fluorescent beads (resolution 70 nm) (471,

#2 FLIM UG Red T st et e

Table 2. Recent progress on improving FLIM imaging performance.

A AR T MGEREYERE  EREESERA] TCSPC Bt + JRA 7 PMT /b i ik
THERAY  SPAD S TCSPC-FLIM #if%
P AOD-FLIM FhEH4
FROE TR MR HTVE, NCPCA %

RS RE SR T EREEREMERERYE  GA, BP, L-M%

RREESMOLTHMAE:  MLE, M, BA, CS%
MR ARAG AU /IRF W& 7% LSD-LE, EKF 4%

BAR 5y PR TE RIS ESCERG R G
FE v FLIM ZHT#g SEA R 72X (SIM, SPIM)
TS HERMIR 462 P8& (STED-FLIM, SIM-FLIM)
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1T 2% STED % 1) A 5 & 32 1F B JE A i
SHElRRIMGZE, B SIRT T RGP 180 i
b, French %5 PO ¥4 SIM 5 FLIM A4S &, FT-%t
i iR 2 S A S5 COS 418 7R DDR 32 A4 R AL 1
FRET i f2#t 178 52,

g5 b, FLIM g tERede - itk g a4
*2.

4 FLIM# A& 4 4 & 5 4038 84 A
R

WIHT AT, FLIM B 1 B & — M58 b B kg
()R S R S A, I B A RO R AR
B 7] 8 B SRR AR A, Rt A
K CAESAIRAT 2B 2 N, R R
= 22 LR 70 B2 W SR TR AL, DL AR A
I A ) = 5 B T 72 55 5 T, 34K FLIM [ RE
F EL U VF 2 R AR G 08T 92 T BoOE v 3R B 2
i, DT A3k e A 1) e A e B 7).

4.1 FLIMASYIEZFEMARHIINA

REE LT REVEEZH R OCEISE TE
KEVRFE, NI T 24T 8 A HAL B i o &
RS ERIR N AR E, (EATY IR V2 B 2 v il o 4R Ak
FRZ S, Bl B AT 20 M A BEAC R Ik RE AT 2
T T T B AL L R A A G A VR LR SR Y
T FEAT) SR A 40 B AR P 22 0t b ) A R iR R, FLIM
AT T 5 02 v A B AR A R A BB 4G B
XL ) (P B TR T — R BT B B,
T 5% [ Walsh 25 51 ) FH — b 7 i X 45 8 7k B e
WU ) 2GR ET (Oregon Green BAPTA-1) /s
SRR Ty AR A 22 ST HEAT FLIM A%, SEh W Eg 1 4
TCAEGHITHT 5 85 B IR FE AR Ak, I R IR H i
ZLAMK ' R SR I AT 5] SR 4 T 4 AR N A )
BEEIN, P 4 (a) FiR. French WAL 10 )iz
FH FLIM £ AR 5T 1 LA AF 2 WL 73+ 4548 12
G MG 5 AL T AR, 9 T T X R EREERL
PEH A SR, AR FLIM HR 5 & Ak 2
e A% 3 BT 2 K (high content analysis, HCA) &5
&, SCL 7 FLIM ()4 |3 g, IF 5T 2Ot LR
fit B ¥4 # (fluorescence resonance energy transfer,
FRET) %} 8 [ i 2 8] 59 A A F 3047 43 7 02531,
454 7 HCA I FLIM AR B & A5 3A TR LK

[ FLIM B o | 3k A i E 0 8dE, X A7E
RIS 254 It 5T 20 40 - AH ELAE FH Aol R
BIEH.

TERE DA MR A =W ST T, 2016 4 [E R4
B FH S B 45 (54 K f) 25 F LSCM 1 FLIM 45 A, #F
T ERG MRS IIL B ALEE, AR 7%
HERMCEEAPRERENEBEE. 22
Blilou %5 521 78 % % T (Nature) #) TAE 3, FH
FRET-FLIM SR SCHL 1 M 4K A 3 1 o A LA
F P RTRAGAH 72, IR A7 T ARG & & (1)
S FHLEE (1 4 (b) Fiaw).  H A Kodama [P F1| F
FLIM £ ARG TR E B brid B RDE &R (—MAL
Tk SRR A1 O B SZ A8 ) TE R, FLIM
FEAE YDA M Bt 58 v 1) R M 2 — B A N
SRR B IGI T, BOAEAE 48 FLIM B 2% 1
TNASER IR A3 R SR TR K A AR A
T 4T BR SR AR 1) B AR R GRS A . 1% DR 2H R
F M- 284K B AR R0 75 an i (N ps 4% T AL,
SR FH 87 BRL PR IS TR) B 38 7] 428 AR AR SRV BR B AT
B, Camborde %5 7] 5% A B AT &y I 18] 49 9% 2R (14
FEUHMLER I FLIM EHE, i N 3 5 4
FERAERT ], T 456 FRET BoRKEN 1Y A
iR S E A A EAER.

4.2 FLIMEERIZESRIT A ERINFH

A FLIM BN I PR — 6 i 7 505 32 47
2 W KR T I T AR AT A R ) — AN BTV BT AT A
M BT R 3 B AR 9 0 A3 i SR AT
A P 4 B AR L, AT 5152 i PR L BR800 12 W
59677, Robert % P13 A BAZR /N R B2
AR AT 2 0% 1 FLIM A%, @3 40 i o 59 P
A 2 ' ) o Tl O I i JER P N — A% HF R (nicoti-
namide adenine dinucleotide, NADH) 7 i &5 25 Al
AN A B LR ST RS, T I I i g ()
AR, G5 R K, e R K R, %
thR 2 B EW K, (HNADH B J K /%6 % iy 417 1)
EEAT) ) e A LR FFA AR, % TAER B, FLIM £ AR A]
PAARAR N2 o R PRI fe I 8 € 30 11 ke
BERE, B AE S W SR 9T R AR T R AR A
IEAh, BT NAD(P)H. 3 & IR EM —Z H K (flavin
adenine dinucleotide, FAD). A% R (tryptophan,
Trp) & W PEZE Y S NAD(P)H 5 FAD 144
M TR HEA5) BE B ey 400 i 2 21 PN AR L, A
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P FLIM 52 A 3% 26 A4 A0 2 S A2 A0 IE RE T PO AF A, GRRINIGIT R EATN T 5O %
SIS B BUHE 25 P00 I6 9T RUR. Alam %5 960 #m, HNAD(P) H, FAD ¥ % fb ik J&5 He 9 T B,
M =818 £ 7 TCSPC-FLIM £ R, 3R T 12 M S T s 2590 BRR T RCR (W18 5 (a) BT,
TUIEE 25036 97 1l i i 50 Ji e 20 B A 3 LA 0 5 FEMLFER B, AT 3GEH FRET - FLIM £ RBEF 1

(a)
1.15
1.10
=
~'1.05
<
1.00
0.95
0 0.5 1.0 1.5
Time/s
0.8 0.3
2:2 0.2
=~
5 0.6 hy
3 %
Coa
0.4 0
0 0.5 1.0 0 0.5 1.0 1.5
Time/s Time/s
(b) YFP RFP Lifetime heat map Lifetime heat map 250 Cell-wise FRET-FLIM quantification 1% 10-16
channel channel donor-only co-expressed JKD-SHR 1 x 10-14
’ . 200 WAt 1x10-12
% 150 © P value 1x10-10 8
& s £
< B3 1x10
< 100 1x106 &
e L1 1x10*
01 R R e (U
0 : r . r T +1
QC CEI EN1 EN2 EN3 EN4 Vas
6 pWOX5:LUC
5
4
3
2
1
0
1 NLS:YFP — - - JKD JKD JKD JKD
WOX5 4. o > - - SCR SCR - - SCR SCR
WT ¢ jkd-4 WOX5 s WOX5  scr-3 WOX5 T OGR - SR - SHR o R

B4 FLIMfEAEYEFEMPIHWRA  (a) FLIM B85 E 72 £ 20N P (b) FLIM 454 FRET H T2 Hifll s 7F
KR A4 o 4 7 L (55]

Fig. 4. Applications of FLIM in basic biomedical research: (a) FLIM applied for quantitative monitoring of calcium ion
concentration [°11; (b) FLIM combined with FRET for analyzing the development mechanism of Arabidopsis root tip cells (55]
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Before After

Trp

NAD(P)H

[m=8600- 1400 [ps]

FAD

800 - 1800 [ps]

(5

10 pm

30%

155 h 29.3 h 43.8 h 78.0 h

Phasor plots

ab overlay

Pearson's correlation

Rr=0.158

acoverlay

Pearson’s correlation
Rr=0.107

be overlay

Pearson's correlation
Rr=0.106

abc overlay

g o H

==

—

Pearson's correlation (Rr)

AK & BD AK & BCC BD& BCC

5 FLIMEFIREE S5HRIT KN (a) #5400 & Trp, NAD(P)H, FAD ££ 3677 5 J5 #9735 7% fy 28 46 W ) (600,
(b) A FIFFC ELA AN & I 1A T K18-Atto532 JE ¥k 8 224 P (K1 34K 7% (62]; (¢) phasor-FLIM i T[X %> AK, BD, BCC %A

Bt e (66)

Fig. 5. Applications of FLIM in diagnosis and treatment of diseases: (a) Monitoring changes of the mean lifetime of Trp,
NAD(P)H, and FAD in prostate cancer cells before and after treatment [60]; (b) aggregation of K18-Atto532 amyloid in

vivo at different labeling ratios and incubation times [62]; (c) phasor-FLIM applied for differentiating different skin diseases

such as AK, BD and BCC [66].

471 Ji e 40 B 9 Tep 1) #4142 46 5 Trp-NADH AH
HAEH Z B[ &, i Shirmanova %5 61 11 1 F
FLIM 3 AR 58 T 15 7% 10 9 40 P B3 40 4 N i od
12 B AR A KA 2907 PRI 0L T B0 A P g 2 AR
WO B AR AL, @ id NADPH B AR 2¢ 6 75 i1
WS R I T IRYT G T 40 0 3% 25 A NADPH AH Xt
TN, BB R K BHMe LR
¢ Kaminski 25 52 F B %¢ 6 G619 B 7 K 308 A]
SR B By 52677 fim AT S B R IR 2 1 45 A 1Y

PR (A0 5 (b) BToR), KR T —Fha] s ¥y IR
HHREREN FLIM AL RS, 146 K83 3h A Tu H
o, W B PR AT, BB
e E B S R R I RARIRAS. FE R
FEA AR AT SR A STM-FLIM 455 A % B /R 2% i 2R 0
(Alzheimer’s disease, AD) MK HE H 7 ) K18 H H
BB 5 3 G (Huntington’s disease, HD)
FHOR B B A BN B VAT TR FE, 2T AG T
Il R b 2R AL A O 3 L.
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1E B WA 2 AR AR T R FLIM 5K 1)
PR SITOEIE. IR TG R 5 H B &5 i 1 — F
HAT R 1 8 R0 - WSO T AT 22 1 18
BB T O EE R EREL, TR TUE AR N B 5 110
FLIM 48, 4558 R BUAH FLIE# /N, & AD /8 R
H Dl A IR B ), g T
R R R S5 104 S6F Ll 40 AT 77 T 5 80T i A 2 21
t J ARG, AL T AR ER K G B B
SR S T A B R . R R R
#9935 Fl 22 % 730k FLIM R BE ST T K RO B
R T HIE T 5 4 0 AR E O, Tl R b g
97 A 5 v T B R S 5 L IR
Luo % 50 %if F5 A K& 7t 41 (hematoxylin and eosin)
et i BY) 247 X067 FLIM R, JF il i
FINHE & 7 W idont 22 0 A3 A AT 4y XAk, K
J& T —Mpaf X 43 2R 40 L (basal cell carcinoma,
BCO). JAb MM IR (actinic keratosis, AK) {8
S (Bowen disease, BD) &5 AN [ 5 JR 2 H 7772,
B T CWi e, AL S B A A R it
T MR R AT B (WELS (¢) B R).

4.3 FLIMEMARMBEYMEZHR+
IRz

Bl A oK H AR PR e B T AE R 2 iR
B B K BB AE AN Wi L. H HE L B
RGP MR B3R 27 £ (quantum dot,
QD). BR & T 5 S 9K UL B o Ath g K s (671,
0 KA L P 1) 5 T P R — AN AR T R R BT T AT
B, R B GR MR — R B A B B A
H B AR T A D R 2 G AN 9 A e i %
i A A 25N, 75 BRI SRR R . & ROk
e MR, AZEE, Bl T BEMEE, HAEY
G —HAAS W T IX YRR SRR
ST, FLIM N G0K AR A ) = 2 v (1) 9 FH A
FORRHE T — R n B, BN, JEZ T R K Gi-
raud %5 (%) F| ] FLIM £ R#F 78 7 QD ##ic7E DNA
20 AT ARSI A R RE R 9 3 O e TR ] 4 AR K
QD FIEES 75 i BUG T LU FE 3 v T 1.8 3%, ATk
B K EE R A HE R R, WROKAE R 2% K2 Lin
24 [69) k5 41t [§]) BH 2 7] Becker & 1F, % F TCSPC-
FLIM AR S 1 8B 9K kL 1) 76 8 B bk
AT T FLIM B8t 78 HARHDIRAS, A A% gh
KWL F1E B R B iR A N TR BT —

Pl AR N 1 AR FAS I F B, £ [ Chen %5 [70)
il £ 7 P9 A S Y ) it B 4R R -HS A (Pheo-HSA)
YRR, R LSCM-FLIM % eI T7E 40 Y
YR BOE RR AT W T, ATATAS B IX P gl KR AT
YENHB 717697 (photodynamic therapy) 24 &4
L5 8. IRYIK 2 Luo %5 M ) I 36 T 4 = 40 B )
FLIM £ AR % & 1 1) 5 & ¥ 94 K b+ PAHCit/ 2
Z £ (doxorubicin, DOX) ) 25 ¥ F O 2 4T
FAR 38 0 4 AR ) 5T o DOX %O 77 i R B &
AR AR VEAL 9K BAK I IR TR . S MROR
Zhang 25 "2 X067k FRET-FLIM A 5
FFE S FARBOTIHRBOR 455, B 5m AL e
BRI T —Fpa] DU D 45 299 oK MUK 7E 35 20
) P s R B T, TN T T AR N AR SR )
A RABAE IR S 0y T 1B R AR A AR K ).

5 RESRE

W RBUR B A R v R U Ry
R TEAE YR S A 2 T 2 N A, AR
PN F 175 A BEAT BUE I FLIM B AR B2 B F
HARE e B I IR 58 2 8043 AT AR Ak 1 JURR A
T A — R EE 7L T A, FLIM AR 43 A0
AN L S, A i ek SO T4 SR AL
FHHLEM TCSPC 4%, TCSPC-FLIM [ [F i B A7
B A R SR b TR S S TE RN 2 R
S 5 5 38 1) A5 DR 2 B e S AT R R RE P A
JZ B FLIM R, 34K FLIM R 1)K f 32 %
0 55 - R A% P B B2 RN N S LA 0 8 X
[fl. TCSPC #EHF PMT P RER I — 25 M3 . AOD
SR RN — e 2 3T T FLIM 1)
BAG I B, 1 SPAD B4 ¥ & K H 5 TCSPC 45
AR R 583 TCSPC-FLIM A5 22 KR Tt
FRAG TR ; 77 f A SR AN R S AV B Gt R
FAEPE FLIM A8 1 RT3 R 2k — 25 32 7+ 75 dr il
R, T HEN AR ER ERE ARG
FLIM [ A8 0 &k — D4R T+, 18 7 #F B A A8
FAR 5 FLIM [ 454 W KR 32 7+ T Befg 1 23 18] 4y
PEge, 345 T84 ¥ FLIM B4, 5T FLIM %1%
BOR E X sesl, H Al FLIM 90 A2 b —
s o R 2 ) PR AE A I PR B 2 b — M KR
HIHE W 56T E T, DA KA 0 2 4 25 2 )8
PRSI A) Z R, A T2 RS
B LT B REU HE . (B2 55—, H Al

178701-11



¥ 38 % 3R Acta Phys. Sin.

Vol. 67,

No. 17 (2018) 178701

FLIM [ 5 BB AT 5 VPR AN PR, B A

BEAT

PRI FLIM B AR N 528 AN BEE 3R 1545 15 A2 %

5 1 77 i HdE, DR FLIM [ A% 1 e 6 Fr itk —
DETE. HUE RRBEE BOCHAR IR A BOR #E 7)
PR AR PRI e, [RII 4f 5 Bk
FTEARE & B AR IRED | FLIM BARTE RS HE BE
AR I A5 2 ) o 9 R S5 5 T PR P RE I 7 2 i
— BRI, AT AT B 20 AR A 1 B B AR .
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Abstract

In the past decade, fluorescence lifetime imaging microscopy (FLIM) has been widely used in biomedical research and
other fields. As the fluorescence lifetime is unaffected by probe concentration, excitation intensity and photobleaching, the
FLIM has the advantages of high specificity, high sensitivity and capability of quantitative measurement in monitoring
microenvironment changes and reflecting the intermolecular interactions. Despite decades of technical development,
the FLIM technology still faces some challenges in practical applications. For example, its resolution is still difficult
to overcome the diffraction limit and the trade-off among imaging speed, image quality and lifetime accuracy needs
to be considered. In recent years, a great advance in FLIM and its application has been made due to the rapid
development of hardware and software and their integration with other optical technologies. In this review, we first
introduce the principle and characteristics of FLIM technology based on time domain and frequency domain. We then
summarize the latest progress of FLIM technology: 1) imaging speed enhancement based on hardware improvement such
as optimized time-correlated single photon counting module, single photon avalanche diode array detector, and acousto-
optic deflector scanner; 2) lifetime measurement accuracy improvement by the proposed algorithms such as maximum
likelihood estimate, Bayesian analysis and compressed sensing; 3) imaging quality enhancement and spatial resolution
improvement by integrating FLIM with other optical technologies such as adaptive optics for correcting the aberration
generated in the optical path, special illumination for equipping wide-field FLIM with optical sectioning ability, and
super-resolution techniques for exceeding the resolution limit. We then highlight some recent applications in biomedical
studies such as signal transduction or plant cell growth, disease diagnosis and treatment in cancers, Alzheimer’s disease
and skin diseases, assessment for toxicity and treatment efficiency of nanomaterials developed in the past few years.
Finally, we present a short discussion on the current challenges and provide an outlook of the future development of
enhanced imaging performance for FLIM technology. We hope that our summary on the state-of-the-art FLIM, our
commentary on future challenges, and some proposed avenues for further advances will contribute to the development

of FLIM technology and its applications in relevant fields.
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application
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