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Abstract

Objective: This paper aims to construct SK-MEL-2 stable cell lines with dual overexpression of neu-
rokinin-1 receptor (NK1R) and 5-hydroxytryptamine 1A receptor (5-HT1AR), thereby providing a
receptor-defined in vitro model for mechanistic studies of pigmentary disorders. Methods: The tar-
get genes were amplified by polymerase chain reaction (PCR) and inserted into the lentiviral vec-
tors GL215 pcSLenti-EF1-Puro-CMV-MCS-HA-WPRE and H5297 pLenti-CMV-EGFP-3xFLAG-PGK-
BSR-WPRE, respectively, to construct pcSLenti-EF1-Puro-CMV-HTR1A-linker-mCherry-HA-WPRE
and pLenti-CMV-TACR1-linker-EGFP-3xFLAG-PGK-BSR-WPRE lentiviral packaging plasmids. Lenti-
viruses were packaged in 293T cells and used to infect SK-MEL-2 cells. Single-overexpressing and
dual-overexpressing stable cell lines were obtained through puromycin and blasticidin selection.
The expression level and membrane localization of the receptors were verified by fluorescence mi-
croscopy. Results: SK-MEL-2 stable cell lines with single overexpression of NK1R or 5-HT1AR, as
well as dual overexpression of NK1R and 5-HT1AR, were successfully established. Fluorescence mi-
croscopy showed clear red or green fluorescence in single-overexpressing cells, while yellow fluo-
rescence was observed in the merged images of dual-overexpressing cells. The positive rate was
290%, and the receptors were mainly localized on the cell membrane. Conclusion: SK-MEL-2 stable
cell models with single and dual overexpression of NK1R and 5-HT1AR were successfully estab-
lished. These models provide a stable and reliable in vitro platform for mechanistic studies of pig-
mentary disorders and drug screening.
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1. 5|8

R PEBRIE P R AR R T R B OR A BRI, X B AR A AV = A R [ 1]
SR, = AU AR AR IR AR Y, BRI T HAHLE B 7T . G 8 BB SZ44K(G Protein-Coupled Re-
ceptor, GPCRVTEA I AME 544 F A% O FE (2], R IR = SRR B A R vT 12 52 44 8 1 S A5 5 4 ek
[3]

NKIR 4 P ¥ Fi(Substance P, SP)I{) 3 E5244k, 2 5% SORE S B IR AR FR 4% [4] [5]: 5-HT1AR i
HRZRE L —, Z5E N KA A S[6] [7]. CHPTTRRY, P& LUER Rk, R
R AR JOR S RS AS p T BEATAE PP AR A [7]-[9]o SK-MEL-2 AMRIF T AR ERB[10], EHIENEL
ZARE X FREERRIVRSNT & o AW B EIE I 18 B A M NKIR 5-HT1AR St 3k o0 it Rk
Fafrk, NEFMEREFILG LG T =5, RENSERFE.

2. RIS
2.1. ARtk SIESF

SK-MEL-2 40y [ b [E R} 25 B #1055 2 W O 2 I & 4B, B59R T8 10%MR 4F L& (FBS) M 1%
FER/MBEEERN DMEM F, 37C. 5% CO. fHIRE 7, HUH A4 K HA Y0 i 3k 47 51256 .
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2.2. RpfESEIE

HTRI1A-mCherry 125 55 R IE 844 % HTR1A ORF CEJET NCBINM_000609)5 mCherry [FIHERE A,
I EcoRI/Xbal fif s i [% 2 peSLenti 18755 8 R824,  H 4 R 248 WD) %5 %€ S Sanger M/FH0IUE. %
74 GGGGS~3 linker, RiERNGE HF 1S5 TR 6 .

NKIR-EGFP 1875 #:R 1A% &: ¥ TACR1 ORF CEJF T NCBI NM_001058)5 EGFP [FIMEft &, #id
Xhol/EcoRI 77 /5 55 & & pLenti 1898 75 R IA 84K, B4R L XWEE V)% € & Sanger U/ FI6IE . 2751 [H
Ff GGGGSx3 linker.

23. R LAEREC%

B 100 pL /5275 DHSa B TUK F, N 0.5~2 pL fREELR, oK L E 15~30 min. & T 42°C 90
s, MRIEFUKLE 2~3 min. FEJEIIA 500~700 pL LB AR 784, 37°C. 220 rpm $E{ 40~60 min. HX
50~80 WL FEAUBIRATIE S PIAER LB PR b, 37°CREm 5758 4 F bR A5 B R 3h 0ok 3 M 5 0 28 ook
MU 203T 4. 72 h WAE B3GR, 28 0.45 um JERLIS I8 S IRYA . i dE i@ qPCR &kl , &
223 % N NKIR 1895 #4014 4.3 x 108 TU/mL, 5-HTIAR 189% 8 %4 4.9 x 108 TU/mL.
2.4. MHRARR SIRREMRITIE

155 R 2 7 A8 BE AR AR s SK-MEL-2 40 fig, R4 NKIR 187 #E4 4N 20, 5-HT1AR
MR N 40, 72 h JG IO 1 pg/mL MEMREEZR 5 ug/mL SRR B R ik, e 2 B, #HE 4
2~3 REHIEFEIE IR E B RERCRIEFRE . FHER > 90%MIFRFEE .

2.5. RIXHEHE

PGB EE GFP Hl mCherry ARic S F 15 S B e A7 o 03 5801 2R S BRI 240 B LL 471
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Figure 1. Plasmid maps of the fusion-type lentiviral constructs. Left: pcSLenti-EF1-Puro-CMV-HTR1A-linker-mCherry-HA-
WPRE vector; right: pLenti-CMV-TACRI1-linker-EGFP-3xFLAG-PGK-BSR-WPRE vector

1. BARISHEEMEISEIL. &£ pcSLenti-EF1-Puro-CMV-HTR1A-linker-mCherry-HA-WPRE Z{KEit; #:
pLenti-CMV-TACR1-linker-EGFP-3xFLAG-PGK-BSR-WPRE £ {# [&lit
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74558 578, HTR1A-linker-mCherry 5 TACRI1-linker-EGFP /71| IE Rl N AR (4] 1), NG 2:189%
BRI FRLR AL EL Al . BB THE T linker &8 Hbn B A 5250628, AR T 5 B2 E 1 52

3.2.NKIR 5 5-HT1AR 23 RiATa¥Ek

SK-MEL-2 473 754 NKIR 5 5-HT1AR 1295 55 20 4 280 9 F) (1) R i4 25 25 RN R s 1A 25 i ke
Ji, PGB T AT B B R B 40 0 2(a)) Mgt ud (] 2(b)), ERH NKIR iR ) SK-MEL-2
0. 5-HT1AR it &I ) SK-MEL-2 4y cA &K1 .
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Figure 2. Fluorescence expression in single-receptor-overexpressing SK-MEL-2 cells after infection with fusion-type lentivi-
ral vectors. (a) 5-HT1AR labeled with red fluorescence; (b) NKI1R labeled with green fluorescence
B 2. 18RS R% SK-MEL-2 BRFRARIARBIN. (2) EHLERNLH 5S-HTIAR; (B) EHEBIIH NKIR

3.3. NKIR 5 5-HT1AR MU TRiAtasEkk

5-HT1AR-mcherry NKIR-EGFP

Figure 3. Fluorescent expression of NK1R/5-HT1AR dual receptor overexpression cell lines constructed using a fusion lenti-
viral system. (Left: S-HT1AR labeled with red fluorescence; Middle: NKIR labeled with green fluorescence; Right: merged
image of the red and green fluorescence channels)

3. BAEISHREME NKIR/5-HTIAR WEATFIEMMABANTARIKIFR(E: EHFLETNH S-HTIAR; H:
EERBRAR NKIR; A: ABXABENMFERABEMSHE)
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SK-MEL-2 #fijfi [Fi /&4 NKIR 5 S-HT1AR 18 75 8 1A 200 7 ) 1) W v 25 25 AR A A 3R Ui e
J&, PO T AT E I WS BN AL R SR (5, & I B b R] WL S X M R B O, AR
AR A RIF(1] 3). 45278 NKIR Al 5S-HT1AR X2 AT # ik i) SK-MEL-2 40 fl#4 & e 3
4. i1ig

AHIE T 38 18 955 B R A AR A S IR A T NKIR 5 5-HT1AR XU i #54 ) SK-MEL-2 Fa #68k [ 117
I H AT ORGSR, MU AR R AR E D . UE E A AN S L 2 &b T 88— GPCR 22 ARt
ik i G G, ARG = R LTI R U2 AR R IE B AR M SR Y o AR 5T BT ST R XS A
FLFRIAMAY, YL SIL T HiFlh GPCR 7E A — 41 I Ae e Rk K, N e8It R mItein. %
M AR K AH AR 5 8 B F T PR L SO0 A 8]

IR EIR, AR RRCZ R R B SR (>90%), HZ R TR, $2ni%
B B A5 — BT RS2 R RIE B e M T 4 o AEARHIE TS i AR — B a3 o)1 LA SE a0 I0IE — #2547
EEFANEAEA, Bk, H X NKIR 5 5-HT1AR & 7E BAE G R L H DR U 75 J5 8e 5850 it — P iE sk

AR HA — W G NG 77, R TEZARINRER 78 A5 5 0% 7 i S fsde b & A VPN 7
M. S FTHERN NKIR f1 5-HT1AR 7E B AR AR #1248 9805 M IR FR S A i ¥ R 5 S EE R [4] [7)-
(9], HAHI FE v A L HEAG M XS24k Sl xof B8 68 30 2F B DG Th e FE AR 52 A . [RILL,  ASHFF 70 R4 2 BIXL
SZARFREERR T VE NG SRR A2 AR FIMEF (555 55 SHRE S 29 E R ML PR AR, T 2 7558
FH T v 308 2 47 e RS [ 90 I AT 5 o — A ad T g SEE 6 RN 8 A AR BRIE[ 2] [3] (8]

KK TAE AT 3 — 25 A A BUR R WU AR S @ B BN A SR EAE ML 2 0% BB 6 30 2F )
VATERON[3], RIS AT TR R AL AP Ia i A D RS UE SR8, N ) £ 38 PR 500 1) 25 Pt R B (L A U S B0 Ak 4R
AR EYIEN S . 5 LFTiIR, AR EFIN GPCR FafE kN NKIR 5 5-HT1AR XUZ{AHERIE
IRt 7RO E RS SEER TR, O RSN HIT 5T S8 E 25 - PPN B55E T Sein ik ait .

5. &g

A TSR B AN SRR G575, R E T NKIR. 5S-HT1AR Sl ik & NKIR/S-
HT1AR XUE i RIA K] SK-MEL-2 Fab 4tk 7806 R el R IR R, B Rk gn i A+ N 2615 515
W7, XCEE S RIS A P 4L S S B UON(E S e R A R, A IR R R RS MR IARE,  HLFE M4
M bL G, R H ks A AE SK-MEL-2 4 A Se il 7 FasE ik o

AR AR N EE— P 7T NKIR 5 5-HTIAR B ERER. ZAILRIE LMK E S HEFK
VEF$RAE T BONARE AR SEIGF 6 o 55 BRI GRS RUAH L, ANHIF T BT AL 2 I AR B R L R X AR
IS =R G 58NE (S D EE SVl M pa R ) S W /) S i S S VAo [N (= =9 1K' 01 I LR (=L
E S A 1% A S AR I PPAN 2 (1t S5 FE At o

TEFRH IR, AWK T 2O E o R IA M R M S RIAIE, MR
I SZ A4 AR () 73 F- AL B F) B 68 30 2E Al SR T REFR AR (521 o 5 S 70 PT 75 LL JE il |45 & Western blot.
T PE PR IILENT  FEILYTIE . BRET/FRET 2R HAE D HTHIAR B AR & EAA M S 57k, 0 I
NKIR 5 5-HT1AR XS24 L0000 8 2 AU 4% 1 BARAE AL, FE PP AS AR Y AE 24540 0 10 AN [ 56 E
Tt 50 RV TE N F AR

EHEWH

NKIR/5-HTTAR & H A EAEFE FBAARHLE] o iR A € T TR (18 5 A SRR 4 56 42, H3513,
10.82274035).
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