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L-thyroxine Inhibits Homeostasis Maintenance of Melanocytes
in Zebrafish Embryos

QIAN Luwei, XU Jingjin, HAN Qize, KANG Yunsi*
(Institute of EvoLution & Marine Biodiversity, Ocean University of China, Qingdao 266003, China)

Abstract  TH (thyroid hormone) is essential for maintaining the proper development of the body. Although
excessive thyroid hormone has been found to inhibit the proliferation of melanocytes and promote the development
of xanthophores in adult zebrafish, it remains unclear whether thyroid hormone is involved in the development of
pigment cells during early embryonic stages in zebrafish. This study aimed to investigate this matter and revealed
that L-thyroxine treatment causes abnormal melanin pigmentation in zebrafish embryos. By treating zebrafish em-
bryos at different stages, this work demonstrated that L-thyroxine played a crucial role in the homeostasis, but not
the differentiation, of melanocytes—which differed from the role it plays in adult zebrafish. Live imaging and histo-
logical analysis showed that L-thyroxine treatments affected melanosome formation and eventually led to melano-
cyte apoptosis. Notably, the inhibition of melanosome formation was specific to melanocytes, as L-thyroxine treat-
ment did not affect the development of melanosomes in retinal pigment epithelium cells. Overall, this work sheds
light on the physiological function of thyroid hormone during early embryonic stages and provides further insights
into skin pigment determination in zebrafish.
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i 7R 75 28 CCIHIR IR R GiH , B H 4
T T ER IR SIS BN A DR £ [ R
AR ZE B S HE S OUC2012316).
1.2 294 IE

BRI 25 [L-thyroxine, W H A4 TAEY) T2 (1
BB PR AT, 575 A602869]% 0.1 mol/L NaOH
W R 4% 10° ng/LISBRER . KEIARARET , FIBTEE E3
TR (FREX0.290 g NaCl. 0.0134 g KCI. 0.044 gf/K
CaCly 0.166 g 7TH,O-MgSO., #hli/KZ1 LIFfFENAT)
FRE FOIR IR R BE 2300 /L, KR B 290%5 1
(9 hpf/e47)8 72 hpfW NG5 7% 224 fLiKk h, FH&A
29T B3RS 7%, W IR AL B3I R S 25 &
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BH 2 40 /K M B IR I 25 BRI 22 300 pg/LAN 30 pg/L,
X2 B TR R Gk 5 45 B NaOHIB W, £:FF24 h
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B EAR R (W H SigmaA 7], 185 B4642)7 T K
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0.2x SSCTHIMABT(100 mmol/L 5 3KfZ. 150 mmol/L
SALEN. 0.1%ME3R -20, pH7.5)IK VI He . I 3) B
(10%F I35 F1 2%3f R T MABTZE il ) db 22 ik
fif, # J5 IR AR 5 Anti-Digoxigenin-AP(J4 H Roche
AT, 4511093274910V E T4 °CiFH Id . KB fE
FIMABTYE, 4% 22 41 (100 mmol/L Tris-HCI.
100 mmol/L NaCl. 50 mmol/L MgCl,+ 0.1%MH:35-20.
1 mmol/L7c ek )i, f% J5 Ff BM Purple(J# H
Roche/A 7], %5 411442074001) 5 (4.
1.5 BERRRVEREIR RS

5%k N7 IR D PR Ak 3 2L A0 o) R ZEL PR B L £ IR B
F10.016% Tricaine(J4 F Sigma/A &, $8°5 P7629)/k
W, 2 5 1% R RE (W 3 Sigmaaw], 585
A9414) BT AL, AR TS A R RS E3.S em4H %
FRILIWILE , 356 ML 33 B39, FHEHITE 10 cm
PIEEFR LA, it R RGS HE b, (8T SR A5/
R84 . fd F Thunder Imager Tissue 1F & & /Ul
1% R 5 E Leicas 7)) AT MG K&
1.6 EER/PMFEFHKIE

WINAERE (19 H Sigma A &), 1845 CO750)% T K 14
K EC R B 10 mg/mL, FRARHEAT 24540 kb 3
272 hpf, MR AL EEIR G, ARBER ]Z91 min, 1EE
EAUEE T 0T SE B A R A MR B ET TR AS
1.7 ZRBEETHN

St I s 4 ) Ak B £ 0 ot HEL2H B I A i
4% PFA 4 °ClH @i & . & H H PBSIEHE30 min, Ff
F 0. 1% B BN W (NN 0.1% Triton X-100)i8 3%
2 min, 2 J5 M 50 mmol/L Tris-HCIE ¥k =k . BH:
%f B ] DNase 1403 10 min, {5 i 5 ¥ DNA 7843
2, Tris-HCHEBE =R 2 K TMRZL 567
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Table 1 Primer sequence for probe

H R A4 R JFHI(5"—3")

Gene name Sequence (5'—3")

sox10 Forward: TGG AGA CTG CTG AAC GAG AC
Reverse: CGC TGG AGATGC CGTATG T

mitfa Forward: ATT ATC CGT TAC TCC ATC TCC
Reverse: CGT TGT TGA GGT CCA GAG TG

dct Forward: GCA GCA TTA CTA CTC CGT CAG

Reverse: GAA GCG TCT CAT CCATTC ATC A
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%2 RT-qPCRE|¥1F7%!
Table 2 Primer sequence for RT-qPCR

B VSRS FPF(5'—~3")

Gene name Sequence (5'—3")

casp3b Forward: AGC ATC TCA GGAAGATCACAGT
Reverse: CAG GAG CCATTA GCGACATTC

[-actin Forward: CCG TGA CAT CAA GGA GAA GC

Reverse: TAC CGC AAG ATT CCATAC CC

Ji A5 40 B B8 T A I 7R & (8 1 Roche A H], 15
12156792910)Fa I 240 M 8 T, A FE 75 37 °Ci
ek NI AR KH, ek TUNELESK, 4« b
DAPI, & I IR k.

1.8 RNA$ZEUFIRT-gPCR

B £ )i 4 B 22 B 7 BB, AR 4 R0 R A
3 HIWCE 1SRRG, F RNAiso Plus(i [ TaKaRaZy
A, 5 9109) - EUIR G & RNA, BAREAE 7155 %
i PR A W B A . B S A R SR & (W
B LV MERE AR IR A B IR A ], 555 R323-01)
B 5 RNA S G558 cDNA, AR 715 2% i it e 42
BER UL . A T SR 2O 8 B PCRY 1S H 21|
55 L3R 2 .

SEH % 6 E 5 PCRAE ThermoFisher Scientificft]
StepOne ReaL-Time PCR systems 4T, 1 ] {1
4 2% ChamQ Universal SYBR qPCR Master Mix(/4
H B i MERE A MR R A IR 2 7], B85 Q311-
02), SAABIN20 pLEATH 38 . I RImRNA R FRIA
& IH—1 A B-actin mRNARIFRIA , BT A SL6 45 B 15
BEAT 7 =L B E R
L9 REYIA

AEEE 2272 hpfA1120 hpfi %)t 4% PFA 4 °Clil
SEEB, UCH I 30%HEREVA R (RERE 7% T PBST)#E4T
WK o B 7K Je BTRR G A U0 BLE 7 (1 B Leica
AF], 145 14020108926) G35, IRAG LT, 4T
AU R, VIR EEE N 10 um, MU flRBIRG 2
TR R A M M L, 37 CCR Bt ZLY)
R E A, M2 E FHPBSTHHTEK, B T3t
RS N .

L10 g3t 53R

SEIHHR 1) 73 32 F Microsoft Excel# Graph-
Pad Prism 8KHAT, 45 R xts>kKx. WA 2 A1
72 5 F Student’s t-testRIEAT LA . HH nsfREREL
=R AR ; 45 P<0.05, W AEE 2 WA %2 5%,

P<0.000 1, WA NEHEA T E Z R

2 ERERH
2.1 HRBERLEBNHHSEEHERERSR
nE

SR T PR IR 25 B £ 6 R AR R B IR
BATMIE L AR AR 2 K5 )5 9 h(9 hour post-fertilization,
9 hpHJF4h, H 300 pg/LI HARBR ARG HEAT A0
SE R IR BRI R B 48 hpf, AFEA 50 EZH 1) A
EXWEZER (K 1AME 1D). FRELA0F % 72 hpf, &b
HEZH YR PR R AN P 1 B A R MR H LR E
ME(EIBME D). 4kZ:40FE 42120 hpfit), ZE 85
MR R, 7D AN B R ME(E 1A
1D)o NGEH FUIR iR 2% Ah 1 41 RN 5o i 4 2 £ 3 40 g
AR, AT — DR HE EIREAEEG. 'E
R AT IR @ RN Y o B AR AR
SRAF/IMERED TSk B AR AL
o Gutgi R TR FARMEE AT 2248 hpf, JF AR 00
HORMBIEH , dkeiab3i % 72 hpf, BEAKLNM
MEE R R AERENR, SR, B2
120 hpf, A B AR M4 H 8% 5> (D).
22 FRBERAESHEC RMMEFRIA

FUR IR R bR 25 R B, AbFRBE 1 IR /i6 2248 hpf
TR ORI R & P2 A B . Sy — R
FUHUIRIRZR R 2B R AN ) SR 1, FRA T B S
NG 48 hpfie HEAT FEOPR IR 22 AL B, A A AL 2H24 h
B Re % 5] AG 1) BB 6 28/ MA /A I B 2 5 (&
2A). FfLlHh, M 72 hpfFFURAbEE, 75 120 hpfis 022
ORMIK B BB (B 2BFIE 2C). 2051 30 pg/LA1
300 pg/L A FUIR B 22 Ab 30 Rl A 3 5y £, (ERFER A0 EE 14
KRG, AT WLBE T 4K H E 7 A 1 SR R
DUEBRIG, IR, Ab3A R R s, R R
UUE INEE(E2D), X5 O I iRkiE — 500 ok, &
TR B 1 FR AR ZAL TR 20 K J5 , HXT 1 2B (0 R 40
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FTIEFERAE M

R TR R R 3R 2 5 0 B fa IR i
M A R B o A R AR e, FRATT R R AL A 5
J7VEASI 7 HOIR R 2R AL B S TR IR 20 0 By i kA
sox10. mitfalh Jz A F A AR 10 3 ] derff 3Rk 7K
o GEREIR: N9 hpfabBE 5224 hpf, 55 FRZHAH L,
Ab T ZH IR R 08 B I AR R AE IR AR A (1 3A) . BIY
{5 BUIR R R AL HE FR 42 2 48 hpf, detiI R A A %2
5200 (B13B). LA b 4h S 150 B FHODR M 28 Ah B8 9 R0
TR RN R A R A AR L
24 PARBERREHZEEZEEIVEAT

T BNAS TR IR IR 2R AL FE 0 6 5 3 41 i R

(A)

ROOm) Control 48 hpf [

L-thyroxine 9-48 hpf

©

s Control 120 hpf [Py

L-thyroxine 9-120 hpf W, - _

HIFE, FATTINO hpfIFah, X B 5 0 JE iR 34T i
H, FEIRAG R B 248 hpfif AT IES ARG . 18
Sh IR BORTE A3 I AR B A MR R T R AR, AR
RS h(HFRIE R A EEIE AR 2263 hpf), AR/
I 5e 4 BAE, FAGELE 17 h(HUR IR L BIRAG 2
65 hpf), 1] LA B35 5 2 0 2 /MR H 2 AN /N )
RO /MR IR (K4, 3 EOH L),
TEARMLEE T R AL B 2572 hpfir) BE 5 £ I G 1]
18, [FIRETT LU 52 2N 1) 2R 3R /MR AETE (IS A).
Rt — 0 b B MR T B A BT RE, AT
Xof AT T WME R AR EE e DR AT S R A
P ICAMPKSFROL E TR A8 B8 0 30 /MAET 5K, B
I f FE AT B AR R A B B R MA R, uinn
D] 4k B i 0t R 4L A 6 3R /N R AR B R A 5K, Ab B2
AR ORI B8 2 /N T R AR R o BT, (ERE B B
SIS, T/ 1R MEIE TS KE A ((ESA), B

(B)

Control 72 hpf 100pum

(D) 60 ns sk stk

Number of melanocytes

3 9-48 hpf
A~C: N9 hpfH iR HUIR R 25 AL BEAR AR 2248 hpf. 72 hpfA1120 hpffa R T K X IR E . D: ANFE A RO MBI GG . ns: Z7A4
g, #RxP<(.000 1.

9-72hpf  9-120 hpf

A-C: the phenotypes of zebrafish larvae treated with L-thyroxine at 9-48 hpf, 9-72 hpf, and 9-120 hpf. D: bar graph with dots showing the relative num-
ber of melanocytes in control and L-thyroxine-treated groups. ns: no significance, ****P<0.000 1.
El L-FRBRLESERS&aRYERECRAERLERE

Fig.1 L-thyroxine treatments induces abnormal melanogenesis in zebrafish larvae
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. =] L]
(;ontrol b hpf L-thyroxine 48-72 hpf 100k (;.trol 120 hpf L-thyroxine 72-120 hpf E 207
: . E 101
=
z

=
I

> &S
C\‘@ @*'& 4'\60 &
o
N N
48-72 hpf  72-120 hpf

100um

L-thyroxine 300

Control

Con L L-thyroxine 300

A B: IR HURBRERAEA R S A BB 1t R fiR /5 SR G R R R . C: SRR AN H Siit e D: AR EE ORI AL PLE B £ pl i (X R L ]
E: fFIEHURER R AL B20 R J5, P S i R MK . ns: 2570 ANE3, *++4P<0.000 1.

A,B: the phenotypes of melanosomes in zebrafish larvae treated with L-thyroxine at different stages. C: bar graph with dots showing relative number of

melanocytes in control and L-thyroxine-treated groups. D: inhibition of melanogenesis in adult zebrafish at different concentrations of L-thyroxine. E:
the recovery of melanocytes at 20 days after L-thyroxine treatment. ns: no significance, ****P<(.000 1.
E2  L-BRBRRAIEZNE & RMMORIESUER

Fig.2 L-thyroxine treatments inhibit the maintenance of melanocytes

(A) sox10 mitfa det (B) det
M ;:3._,_.&7_.3 — ?‘ »
200um Control Control Control Al - Control

sox10 mitfa det - det
‘b.-——-» A —m— " Mt
L-thyroxine 9-24 hpf L-thyroxine 9-24 hpf L-thyroxine 9-24 hpf L-thyroxine 9-48 hpf

A: HURIRZRACEIRAG th 32 K559 h&224 h, IRHG BRAT 2448 45 R i oRsox 10~ mitfafdetfRIE BB W AR, B: HURIR A H NG 22K 59 ha
48 h, JRAL AR AL G R LR det i RIB T F A
A: the expression of sox/0, mitfa, and dct was grossly normal in 24 hpf larvae treated with L-thyroxine at 9-24 hpf. B: in situ hybridization results
showing that the expression of dct was not changed in larvae treated with L-thyroxine at 9-48 hpf.

E3  L-BRRRAENESE RMEF A EEENRE T EEZFM

Fig.3 The expression of melanocyte genes is grossly normal after L-thyroxine treatments at early stages

RO TR I TR B R, TATRIH
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(BI5C), ix g BRI HUR IR = b3 S5 7 BEER
S S T
2.5 BRBRLENIMER R ERMAMRITAE
2

PRI RS € 2% b iz 2 i R e 1 SR 3R /Mg,
— B BRATTH I T FOIR R 2% A B2 7 2> I HIRPE ) 2
BRIE . BATE D @R 9 hpfRes: i HURR

FAFE 2120 hpf, ARG #ATHLR W EE. SR E
N SR IRALAR LG, HOR IR A B RPE R (4 31 )2
HB A B 3% (E6ARTE6B), H % RPEZE
FEE W I R 25 (E6C).

3 itig

HORIRE 2 5 4 40 10 % Fi R DD RE, 21
AU B R RS AS AR I R P ) W B,
BT ik A SO R, i B,
FRR AN . 2 BTS2, FOR R
R 2 P s R ATAN R B R W, B (i
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Control

100um

15:00:00 17:30:00 17:40:00

9-72 hpf L-thyroxine

HUPRARZR AL BEIRAR J5 0T S (0 R AN ) S S (BB o B AR AN 259 hTARAREL, I A48 hITah 1R, or B R 48 htih s A5 s A Rl I
(PN S A S TN 1 LR S AN

Time-lapse imaging showing the phenotypes of melanocytes after L-thyroxine treatments starting from 9 hpf. The video was captured from 48 hpf and
different time points were shown. Arrow indicate the small particles broken from the melanosome.

E4 L-BRBRZEALESHECEAME R/ VFMRERE

Fig.4 L-thyroxine treatments result in melanosome degeneration in melanocytes

Before caffeine treatment (B) After caffeine treatment
100 100 i
=" Control ﬁ o Control g

Before caffeine treatment After caffeine treatment
: a A O

L-thyroxine 9-72 hpf : L-thyroxine 9-72 hpf ‘

©

casp3b
sk

500~
T

5 400+
<

Z 300
Control %

=200
2

< 100
o]
(=4

L-thyroxine 9-72 hpf’

A. B: XTHEZLIEAG, FH O A 28, B €0 30/ M RT IE 3 AT 5K, HORIR R AL B IEAG9~72 hpfia, /IR 30/ IMARE ok LB 87 5Kk (I (75 k), TR
R B EZMET LR R R D). C: BERMMIXIMTUNEL R (5, HUIRAR AL BRI T PR A0 EUE £ . D: TR I K casp 31K ik
i L. ***P<0.001.

A,B: the melanosomes dispersed normally in control zebrafish larvae after caffeine treatment. In L-thyroxine-treated groups, small melanin particles
failed to disperse (blue arrow) and larger ones still underwent dispersion (blue asterisk) when treated with caffeine. C: confocal images showing TU-
NEL-positive melanocytes after L-thyroxine treatment. D: q-PCR analysis showing the expression of apoptosis-related gene casp3b in control and L-
thyroxine-treatment groups. ***P<0.001.

E5 L-BRRZFSECREMAT

Fig.5 L-thyroxine induces the apoptosis of melanocytes
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15
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B) |
o_
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& &
S =
(@) ;&4;*
N
L 10 hpi~- / 9-120 hpf

A, B: XHEZL(A) AL HIZH (B)IE 1 £ AR AR I BE D) Ay 1], IR IR AR BN (8] D9 52 K5 /59 hZ2120 ho C: HURBRE AL FLARJIG 15 05 BE LR NI FORPE

RORZEEZGITE. ns: ZRARE.

A,B: cross section of the retina in 120 hpf control (A) or treated zebrafish larvae (B). The larvae were treated with L-thyroxine at 9-120 hpf. C: bar

graph with dots showing the thickness of RPE layer in control and L-thyroxine-treatment groups. ns: no significance.
Eo L-FURBRZRALIEAEZMIAMEE R ERMABEELE

Fig.6 Retinal pigment epithelium are grossly normal after L-thyroxine treatments
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