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Progresses of diagnostic and therapeutic application of melanin
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[ Abstract |

Melanin is one of the most widely distributed natural pigments. Due to the special chemical structure of

melanin, it can be used as a new theranostic media in medicine and has a great potential for clinical application. The

development and perspective of the relative researches on medical therapeutic and diagnostic application of melanin were

reviewed in this article.
[Key words ]
DOI:10. 13929/;. 1672-8475. 201712037

Melanin; Molecular imaging; Contrast media; Theranostics

EREEEFLIT LANRAHE

ko EMOTLE

M HRERY O RER X

FSRE

(1. BERERREMBE —EREERL, TR 4000162, @A T4 ER T E S LHZE,
HEK 400010533, E R ERK2EME JLE EBE LB Br. EK 400014)

(A Z]

BORENMRNTZHAROCRZ—. 0 THARO A RORAE—F ey i i, BA

ERM TR R V1 o A SCHI S8 B0 AR B 12 9T i 1 1 T ik R R AT 2538

(XA RBOE 0 TRE:ERR 2T
[hE4S%ES] R981; R445 [XEAERIRAG] A

BOERE—MRREYOR, L0 M T A 4
Pk N, A T Mk B ) ReNY, JE Ok R 1R
(photoacoustic imaging, PAD™  MRI® | 56 #4 ¥7
(photothermal therapy, PTT)M) () B #f ¥ 45, I35 7]
Ay 5 4w R 2y kAT e A Rm R R
4% B A 3 (reactive oxygen species, ROS) i 3%
FIU AT R B A AR P iR bR
MR AR, A, AR B hum Y O

[(EeTiE] HEARB#IS (81571688.81771845,81371718).,
[E—1EH] K52 (1990—) , J WAL BRIR A , FE A+ . F9E 7 1) B
T W12 5367 W5 . E-mail: zhangliangeq@163. com

[EEEE] LA, TKER RS 55 — B B = R, 400016 ; 8 75 43
TG T N S804, 400010, E-mail: wang57554@163. com
(s EH#I] 2017-12-20 [f&E B#I] 2018-02-09

[XEHS]

1672-8475(2018)06-0374-04

FEL BiRhR U AR E TR, B REN — R KR
AW EER B R A R R A A A,
TR AT, RO REEE 2T T HEA R
B 1) N FH

1 BBEEEEZEREGPHNA

L1 R BEZEHTRRERZE BREAEKE
MRI 2 Wr 2 & & 988 F1 A 4 7% 7% (Parkinson disease,
PD) MY 1 A>3 R A M bR i, B € 38 2 0w v 9 J5 T
AW R 450 T1 J T2 s, #F5-" £ W, MRI
J2 A i BB S W B A €0 31 Ik 4% i P 0 208 41 4L 40 i
SERFIE R AR AR A vk . A HE EE IR T A
B 22 38 2 4% (neuromelanin MRI, NM-MRD) $% A&
Al S i 2B 20 SR (0 R A R,
TR PR R AN 2k R O

Grootendorst



FE A AR S5IRIT 2 2018 4E58 15 455 6 #1 Chin ] Interv Imaging Ther, 2018, Vol 15,No 6 e 375 -

A5 AT B T O O B 45 ) R O% . Neuschmelting
AEROTR B £ 3% 6 7O AR R 2 1R (multispectral
optoacoustic tomography, MSOT) 1] %& L& LG 5
% FDG PET/CT ANRe A th i) 8 8 3R 98 Ik UL 45 B e 7%
MTER R, JF HA B T 55 Ho A ok T2 45 95 28 R 47 48 501]
PDEFHM THATTRKELR, FBMARARID
Wb O TE NM-MRIT R PD R 8 5 808 i
5T X AN mE S XS 1 RS S U E AR,
HL 3R O [ o 2 2 e S B L o 2 R A R
AR R W PD % 9 i & 1) 52 AR bR e 9 - W] B 3% O vk
AT PD 5 5 & M i ) 02 e
1.2 BAEAFRTES T R H
1.2.1 BERAT PAIA MRI B 5 T RA4Q M0 %L
Jg BB R AR R By s R v L B B — R A R0
Gy FHRRAR . BT R Y RPN, PR A R A T LA
3 R P B A A 1 DG W L RE T 5 RO G R T R
AR AOCIR IS . AR 58 06 75 UG X L 3R AR A R
P TR0 2R A A 0 N AR PR LA AR A A, e e
B, Sim R K R AR PR AT EHEEN, T
B S 3G 6 (5 S o B . FHRRE 7 0% RGD k4
I RAAZR YRR L, AT e K R 4 USTMG
Fieb S8 2001 it 2% 10 Ao B SRR Y o B BB A AR R B A 1) BB
J7o Ju BEPHHRGE B R Y48 K KL (melanin-like
nanoparticle, MelNP) W] 7£ fiR 1 B8 58 & & £ R4, ™
AR S R IE W pH BT A 8.1 %, $ER
MelNP A T B2 M3 R 45 1 Iogg St s 4% . kb, iR
TSR 1Y &l E A B (enhanced permeation
retention, EPR) &N , B8 04,2 44 KOk A] 2 37 b Jgg 1 45
TE b 96 20 20 1] B AR 2R L 52 BRI A8 A U

Strizker 250 B 5 28 56 PR % e A I RE 40 B, £
20 M 2 38 R R R DG 75 AR R AT B R 1
B AR AR TR R L 3R B AR B 9 78 B e Jj 2808 s B3R
I8 F A0 2R 1 Il e A i D & kR AR RS A T AU b
BN A RIS S HON W B AR EE RSP
ATFER MR T1WI B EART FER) . Ju 2899 8 A R
[ MeINP 0] Y25 MRI X} L6, 50 #% Fe'™ Z MG,
Him g Rimm T A 1 MR 3 ] (G 54 (Mn) .
3.0T #i% T ) MeINP 5% ri f 17 mm ' s '\,
HN18 mm s /AN 1.1, MR iR AR B
g s EL U B 2R N KOk 0 B 7 R I 44 90 L O 4%
—Fh Z B AR T LG, AT I A R 7S /OGS /g 3
P AL
L.2.2 BMEREMEBEETHTZ2HEEIRG ZH

BRI FE BRI T & 1A m s B a 84k, R )5
AR 25 A BT Ry X LR P I A il 2 B 28K
BrEe . BERKAANENRRESZHERE T
FIPERE LG Cu® A1 Fe' ™, X Se R vl F T R B4
(PET)FI T2 AL 3L 4% 4% (T2WD . Lin 1 1]
BORYPKRREF Fes O, ML SRR Co® I T
PET\MRI\PAI #3& & % . Cho %" f% Gd*" % A 7E
B RGO E L IR E LG Y B bR 10 1T #E 1T MR
TIWI FZEE S o
2 EBREEFRITHHMA

B L3 i 4 2 RE AL SR (0 3R ik m] ] TR I B .
FEAB AR AT LL AP XA SR WS 2 — i R A A L FAGR] AT
T eHGETF I AR, BERAT L 5RE4Y
54 AEN YRR VR —Fh ROS i35, B @
FZal TPl bR LU AT AR . A R E R
FHTIRYT 5 B R B = AH OGRS , 4 PD & 4E Ve S
HAE O T B SE
2.1 BAEAE RO T TG RAGA ST I il R
PR R AT LIAE R HOE YT I A @ AR . Liu %0 R
AR R A SRR EAT O BIR YT S T R AR AL
R, Jiang 0PI B f0 v B2 IR K B €5 3 o) 45 AN
K IBURE , - FH 21 240 J0 55 R A O 26 4 SR DRG] L nl A7 2501
il ek 96
2.2 BOFRMENROSHIKN o TH o oI 1A
F BT SOE R A R AR TEBT R
UL PO I P05 A 26 55 O T 26 B R 4 19 2
[{lIp=
2.2.1 ¥k HiE¥E ElNaggar AW B MAFE
A B HUREASCR . w0 A s RS R A YA
S AR 40 B AR AR BT L T A A AR B T
ao b AR S fe A A A ) R M R A e 4 BN
MR, Lu F9O M E S RARNYREALR
A U Y e BP0 3R AT LU RO N 22 AR BURY 1A 5T 4
g gt T KR I AR B, DN T R B A T W B Ak
(superoxide dismutase, SOD) .4 bt H ik id & 1k ¥y i
(glutathione peroxidase, GSH-PX) #1id & 1t &
(catalase, CAT) KN, BRI RE L A M | ofi 25 A9 P — 1
I s AR A IR
2.2.2 PURRSH PUEEAML BEARE-FREE 0
TR A R R BRI X R AR RCRA
A T PR €0, 3R T R 5 el R 68 3R O VR 9T ROCR Y
W Z—, Kunwar 58044 — 8 70 & (1 28 6 R 990K KL+
i R DK T AN B A L SRS AT R R O AT DR



. 376 -

FEN AR S5 IEIT % 2018 4E58 15 #8245 6 8] Chin ] Interv Imaging Ther,2018, Vol 15,No 6

A DNA #i0i. HJLFE AR =R I EH . Lin 204
Sz RSB0 25 T e Ak BT A e N Ry R RO 4 1) A%
PEF S IR IN O B0 3R BE 06 45 R0 Bk 5 46 4 IR = A 1 3
MAME, FRGRER BERITEN 1A
(0 RS R A 7 A 422 32 8 R YT g RE R Y OE R
TE Rz SR .
2.3 fERAYBIE BORXE-FEZRSFHELE
Yy, T AL ren JEHE RS AR S G HA O B A 2
Yy AE 2 Y6 2% I AR . Zhang S50 Bl T MUK BB (4
Z Wik 5% hr JE JE (sorafenib, SRF) %54, I Mk
Ve R B oK A o R K T S 3 /N B AT
i 6T BUS T BRI ROR
2.4 Hfth  WFFETN LB, — ] 1k SR (S A R A
o N 28 s S8 SR G 2 R T JE 2 A W ) A
Ye SR — i A 65 3R A 5 00 08 0E G0 YA T OR I
RV 7 B2 R W — b 55 A 2 R A AL R, FE I 2041
(1 BEST Z 0 R e Ay B 8 3R AT DR Y A R DA 2k
— I AR 2 0 7% P 98 R M T P R 8 T Y B
P T 20 T B K Bt bR G g I R . I Ah BRI H
A 1098 AR A A R PR
3 RE

AR R KRR BARCEL N H T B2y btk i 45
G, R OK PO T ELAT BT (0 25 W) b 25 0 2 ) i
fE 77 LA B I AE G AT MR A% 8 L Xt 4 8 B 1 Fn
TRALTT 25 B A PR RE L O AT A RUE bR A i3 B 2
AR TR TG TT I 5 T AR X S 4 T B R A T
R AL TR A ST L R OB 5T O T R AT
B T4k 8 5 T ARG TT S I R 1k

[ 5% 30k ]

[1] Riley PA. Melanin.
1235-1239.
[2] Sim C, Kim H,

Int J Biochem Cell Biol, 1997, 29 (11):

Moona H, et al. Photoacoustic-based
nanomedicine for cancer diagnosis and therapy. ] Control Release,
2015,203:118-125.

[3] Stritzker J, Kirscher L, Scadeng M, et al. Vaccinia virus-
mediated melanin production allows MR and optoacoustic deep
tissue imaging and laser-induced thermotherapy of cancer. Proc
Natl Acad Sci U S A, 2013,110(9):3316-3320.

[4] Liu Y, Ai K, Liu J, et al. Dopamine-melanin colloidal
nanospheres: An efficient near-infrared photothermal therapeutic
agent for in vivo cancer therapy. Adv Mater, 2013, 25 (9).
1353-1359.

[5] Jiang Q, Luo Z,

Men Y, et al. Red blood cell membrane-

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

camouflaged melanin nanoparticles for enhanced photothermal
therapy. Biomaterials, 2017,143:29-45.

Zhang R, Fan Q, Yang M, et al. Engineering melanin
nanoparticles as an efficient drug-delivery system for imaging-
guided chemotherapy. Adv Mater, 2015,27(34) :5063-5069.
Panzella L., Gentile G, Derrico G, et al. Atypical structural and
n-electron features of a melanin polymer that lead to superior free-
radical-scavenging properties. Angew Chem, 2013, 52 (48).
12684-12687.

El-Naggar NE, El-Ewasy SM. Bioproduction, characterization.
anticancer and antioxidant activities of extracellular melanin
pigment produced by newly isolated microbial cell factories
Streptomyces glaucescens NEAE-H. Sci Rep, 2017,7:42129.

Lu Y, Ye M, Song S, et al. Isolation, purification, and anti-
aging activity of melanin from Lachnum singerianum. Appl
Biochem Biotechnol, 2014,174(2):762-771.

Ye M, Guo GY, Lu Y, et al. Purification, structure and anti-

radiation activity of melanin from Lachnum YM404. Int ] Biol

Macromol, 2014,63:170-176.

Kunwar A, Adhikary B, Jayakumar S, et al. Melanin, a
promising radioprotector: Mechanisms of actions in a mice
model. Toxicol Appl Pharmacol, 2012,264(2):202-211.

Lin J, Wang M, Hu H, et al. Multimodal-imaging-guided
cancer phototherapy by versatile biomimetic theranostics with
UV and 7v-irradiation protection. Adv Mater, 2016, 28 (17).
3273-3279.
Sidibe S, Saal F, Rhodes-Feuillette A, et al. Effects of
serotonin and melanin on in vitro HIV-1 infection. ] Biol Regul
Homeostatic Agents, 1996,10(1):19-24.

KL A AR AE. B AR B A B G ) NF-«B 3% 12
BRI T 0 HENT & it o 7 R . b A= W Ak 2 5 4%
FHEW R .2009,25(4) :364-372.
Ye Y, Wang C, Zhang X, et al. A melanin-mediated cancer
immunotherapy patch. Sci Immunol, 2017,2(17) :eaan5692.
El-Obeid A, Al-Harbi S, Al-Jomah N, et al. Herbal melanin
modulates tumor necrosis factor alpha (TNF-alpha), interleukin
6 (IL-6) and vascular endothelial growth factor ( VEGF)
production. Phytomedicine, 2006,13(5):324-333.

A L BRSO VR R W 0 i 18 A A X i 5 R B R R Y 12
Wi fE. I 2 ACBE 2y, 2010, 17 (23):83-84.

Ba F, Martin WR. Dopamine transporter imaging as a diagnostic
tool for parkinsonism and related disorders in clinical practice.
Parkinsonism Relat Disord, 2015,21(2):87-94.

Grootendorst DJ, Jose J, Wouters MW, et al. First experiences
of photoacoustic imaging for detection of melanoma metastases in
resected human lymph nodes. Lasers Surg Med, 2012,44 (7).
541-549.

Neuschmelting V, Lockau H, Ntziachristos V, et al. Lymph
node micrometastases andin-transit metastases from melanoma:

In vivo detection with multispectral optoacoustic imaging in a

mouse model. Radiology, 2016,280(1):137-150.



tE S A AR 567 2018 4E58 15 545 6 ] Chin J Interv Imaging Ther,2018, Vol 15,No 6 . 377

[21] Reimao S, Lobo PP, Neutel D, et al. Substantia nigra [24] k52, Mook, B H), 5. 4R B @K IR 1) il & KRS 212

neuromelanin-MR imaging differentiates essential tremor from ARSI 5T, E B2 R R, 2017,33(10) : 1458-1462.
Parkinson’s disease. Move Disord, 2015,30(7):953-959. [25] Cho S, Park W, Kim DH. Silica-coated metal chelating-melanin

[22] JuKY, Kang J, Pyo J. et al. pH-Induced aggregated melanin nanoparticles as a dual-modal contrast enhancement imaging and
nanoparticles for photoacoustic signal amplification. Nanoscale, therapeutic agent. ACS Appl Mater Interfaces, 2017,9(1):101-
2016,8(30):14448-14456. 111.

[23] Ju KY, Lee JW, Im GH, et al. Bio-inspired, melanin-like [26] Yoon YI, Ju KY, Cho HS. et al. Enhancement of cancer
nanoparticles as a highly efficient contrast agent for T1-weighted specific delivery using ultrasound active bio-originated particles.
magnetic resonance imaging. Biomacromolecules., 2013,14(10): Chem Commun (Camb), 2015,51(46):9455-9458.

3491-3497.
[ SN G S R R R U S U ) S S R R R R U R U R R S U i R R U e R ) SN TN R U N e R L R U N e g e N R

(o 1R 258 AR B A ) WS FIAERS ) =

(i B2 AR R R ) 243K T 1985 AR T, & i rp BB 52 3248, vh BB 58 7 22 i 58 i £ 00 0 B K2 R
HIF) ., A b E AR A O B ) SO O R BRSO S R 2R 5| SR R AZ O ) S ISSN
1003-3289,CN 11-1881/R. 2018 4FFE( v [H BE 2% S AR B AR ) 18 FIHLE T 2018 4F 12 A AR, 0K A OC 35 10158
.

WAURERE U GBS ZES N ARV EYIS TR A O,

B IERE 20184 10 A 30 H,

HTIRE 20184F 12 A 20 H,

WHBAE  [FIET, K 16 A,

EREKR OF —EMFARMAE 0 s8] IR ™8 A% X F 44 R ER I , 06 2504 5 e SChR i, 1R
HEAVEE AL BEE Mk ARG 5 — R A R AR ARy PR S RO EE BT 2 0 VBRI S T R, g S
BRI E)  CHHR , 1E 3, 2% Bk s @ CFEIT, IR TERE & Fh AT AT G M Qi — MRt 5 000
FONH s QG A TR A 09 SCE B I IE 0 W R A 5 s © $5 86 35 5 Rl A< 7 3 50 (www. ¢jmit. com) . g i 22 £
WEE G RN E R BN B R RGBS H O ), N AR O A
SR AT T M2 R LR E A TR I A AR QIESCN A — B RIR 5 55 AR
JUHEE BN AL —R 1.5 cm, BA Word ##% X AE it s O & 4 A TE SCAH B AL 8, B 5 bk TR T O, JF 1 B IR
KR Ui B 48 O “ S B R 6B AR08 i E-mail 45 ARG 5 5, DUEA R

6 WEIRAE BF LR 2800 JL/ B AWATH 1 700 JC/ R AFRRIE 1 000 JC/ K s Fofim 155 BRI T 2
AH AR HEPAT &

7 Midb b nUTIEUE X AL PO IR P BK 21 5 KRR, R B A S AR BOR G L BB 4 - 100190,

8 HiIE 010-82547903

9 Mik www.cjmit. com

2 T 2 TS DT R S TSR AR R W R ) S T R S A

N R W N =

Crpr B2 225 AR BRI TR
2018 4E 5 H 21 H



