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We have developed the recombinant adeno-associated virus (AAV) carrying the EGFP gene under the control of the 
microphtalmia-associated transcription factor-M (MITF-M) promoter region for melanoma-specific expression. MITF-M 

distal enhancer (MDE) region enhances the specific expression of the reporter gene specifically in cultured melanoma 

cells. Expression of EGFP protein was very high in AAV-CMV-EGFP infected cells but relatively low in cells infected 
with AAV-Mitf(Enh/Pro)-EGFP. After an in vitro infection by a recombinant AAV carrying the EGFP gene under the 

control of human MITF-M promoter, the reporter gene was expressed in MITF-M producing melanoma cell lines 

(SK-28 and G361), but not in MITF-M non-producing cell lines (HaCat). These results suggest that the utilization of the 
MITF-M promoter in a recombinant AAV vector could provide benefits in gene therapy applications. 
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INTRODUCTION 

 

Among the vectors which can be considered for thera- 

peutic application to skin, adeno-associated virus (AAV) 

seems to possess several appealing features, including the 

capacity to promote long-term expression of the therapeutic 

gene in the absence of signs of inflammation or immune 

response (1). These vectors are derived from a non-

pathogenic and widespread defective parvovirus, and are 

able to transduce dividing or non-dividing cells, including 

skeletal and cardiac muscle (2, 3), brain (4) and liver (5). 

Microphtalmia-associated transcription factor-M (MITF-

M) is essential for differentiation of melanoblasts to 

melanocytes and contains a basic helix-loop-helix leucine 

zipper (bHLH-LZ) structure (6, 7). This gene is exclusively 

expressed in melanocytes and melanoma cells, and is under 

the control of the MITF-M promoter (7~9). Fuse et al. 

(1996) published that the segment (position -387 to tran- 

scription initiation site) contains the putative promoter 

region (9). A TATA-like sequence is located at position -21. 

Within the promoter region, there are some potential cis-

acting elements [positions -196 to -191 and -8 to -3] (10), a 

cyclic AMP-response element [-147 to -140] (11), and an 

interleukin-6-responsive element [-258 to -277] (12). 

Watanabe et al. (2002) have identified the 298-bp MITF-M 

distal enhancer (MDE) that promotes pigment cell-specific 

transcription from the MITF-M promoter (7). 

In this study, we constructed recombinant AAV carrying 

the EGFP gene under the control of the MITF-M promoter 

region for melanoma-specific expression. The enhancer and 
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promoter region resulted in melanocyte-specific expression 

of the reporter gene specifically in cultured melanoma cells. 

We showed that the control of the melanocyte-specific 

promoter in the recombinant AAV significantly increase the 

specificity of expression of human melanoma cell lines. 

 

MATERIALS AND METHODS 

Reagents and cells 

Taq DNA polymerase and the AAV helper free system 

were purchased from Promega (Madison, WI) and 

Stratagene (La Jolla, CA). The human skin melanocyte 

cells were purchased from Cascade Biologics (Portland, 

OR). The human immortalized keratinocyte cell (HaCat) 

and melanoma cells (SK-28 and G361) were a gift from 

Young-Il Kim, Kyunghee University, South Korea. The 

cells were grown in Dulbecco's modified Eagle medium 

(DMEM; GIBCO-BRL, Grand Island, NY) or in RPMI1640 

supplemented with 10% FBS and 4 mM glutamine. Cultures 

were maintained at 37℃ in a humidified atmosphere of 

95% air/5% CO2. 

Plasmid DNAs construction 

The genomic DNA was isolated from the human skin 

melanocyte cells using the TRIZOL reagent (Invitrogen, NY) 

according to the manufacturer's instructions. The amount 

of genomic DNA was measured spectrophotometrically by 

the absorbance of 260 nm and stored at -20℃ until use. 

The 500-bp human MITF-M promoter region was ampli- 

fied using primers Mpro-F (5'-CTG CAG TCG GAA GTG 

GCA GTT ATT C-3') and Mpro-R (5'-GCT AGC CGC 

GGG TAG ACT TAT CCC TCC CTC TAC-3'). A 298-bp 

enhancer fragment was amplified with primer pair Menh-F 

(5'-GGT ACC ACG CGT GAT TAC AGG AGT GAG CCA 

CCA CA-3') and Menh-R (5'-GCT AGC TAT CTG CAG 

CTT CCA GAC TTC AAT GGC AAT-3'). The programs for 

PCR amplification with each primer set were as follows: 1 

cycle at 95℃ for 5 min followed by 50 cycles at 94℃ for 1 

min, 56℃ for 2 min, and 72℃ for 1 min with final 1 cycle 

at 72℃ for 10 min for MITF-M enhancer and promoter 

regions. Each PCR fragments were cloned into the pCR2.1-

TOPO plasmid. The resulting plasmids are termed as 

pCR2.1-MITFenh and pCR2.1-MITFprp, respectively. The 

recombinant AAV plasmid pAAV-EGFP was generated by 

inserting expression cassette encoding the enhanced green 

fluorescence protein (EGFP) reporter gene into the standard 

AAV transfer vector pAAV. First, the promoter gene was 

Figure 1. Cloning of the recombinant AAV transfer vectors. (A)
pAAV-MCS plasmid DNA vector contained multi cloning sites 
under the control of the CMV promoter. The gene cassette was 
terminated by a bovine growth hormone (bGH) poly (A) addition 
site. (B) The pAAV-CMV-EGFP plasmid DNA was generated by 
inserting expression cassette encoding the EGFP reporter gene 
into the standard AAV transfer vector pAAV-MCS. (C) Next, the 
recombinant pAAV-Mitf(Enh/Pro)-EGFP DNA was generated by 
inserting melanocyte-specific enhancer/promoter region into the 
pAAV-CMV-EGFP plasmid instead of CMV promoter. 

A 

B 

C 
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excised as about 500-bp KpnI/NheI fragment from the 

promoter plasmid DNA (pCR2.1-MITFp). This fragment 

was inserted into the same sites of enhancer plasmid DNA 

(pCR2.1-MITFe) in a direct orientation with respect to the 

enhancer to create pCR2.1-MITFe/p plasmid. In order to 

create pAAV-Mitf(Enh/Pro)-EGFP plasmid, a 800-bp 

enhancer/promoter fragment of MITF-M gene was prepared 

by MluI/KspI double digestion, and was inserted into the 

same sites of pAAV-EGFP. 

Recombinant AAV-2 vector transduction study in 

vitro 

The recombinant AAVs were generated according to the 

manufacturer's instructions. The titer varied from 1 to 3 ×

102 plaque-forming units per milliliter (data not shown). 

Approximately 1 × 105 HaCat, SK-28 and G361 cells were 

plated in each well of 6-well plate and incubated at 37℃ 

for 24 h. Cells were washed once with complete medium 

and then infected at 37℃ for 1 h with mock and 1 × 102 

particles per cell of recombinant AAV-CMV or AAV-Mitf 

(Enh/Pro)-EGFP as described previously (13). Cells were 

incubated in complete medium for 4 or 5 days. The trans- 

duction efficiency was measured by EGFP imaging using a 

NIKON fluorescence microscope (Nikon, Inc., Japan). 

 

RESULTS AND DISCUSSION 

 

The pAAV-CMV-EGFP plasmid DNA was generated by 

inserting expression cassette encoding the EGFP reporter 

gene into the standard AAV transfer vector pAAV-MCS in 

an orientation such that the direction of transcription was 

convergent (Fig. 1). Next, the recombinant pAAV-Mitf(Enh/ 

Pro)-EGFP was generated by inserting melanocyte-specific 

enhancer/promoter region into the pAAV-CMV-EGFP plas- 

mid instead of CMV promoter. The EGFP gene under the 

control of CMV promoter is highly expressed in all in- 

fected cells, allowing easy detection of viral plaques. The 

replacement of CMV promoter with MITF-M enhancer/ 

promoter drives melanocyte-specific gene expression. The 

AAV-293 cell line was used to generate recombinant AAV. 

Fig. 2A shows a comparison of EGFP expression in 

AAV-CMV-EGFP or AAV-Mitf(Enh/Pro)-EGFP infected 

melanoma cells. EGFP expression was robust in cells 

infected with AAV-CMV-EGFP but relatively weak in cells 

infected with AAV-Mitf(Enh/Pro)-EGFP. 

AAV-mediated EGFP expression was first observed at 4 

or 5 days after infection and last up to 7 days post infection 

(Data not shown). The MITF-M gene is normally expressed 

in melanocyte but transcriptionally silent in other tissues, 

A 

B 

 

Figure 2. Cell type specific gene expression
by MITF-M enhancer/promoter. (A) EGFP 
protein was very highly expressed in AAV-
CMV-EGFP infected cells but relatively low 
detected in cells infected with AAV-Mitf(Enh/
Pro)-EGFP. (B) Two melanoma cell lines were
infected with AAV-Mitf(Enh/Pro)-EGFP and
AAV-CMV-EGFP at an m.o.i. of 10. The EGFP
activity was detected in two melanoma cells 
(SK-28 and G361). However, EGFP gene 
expression was not detected in MITF-M no 
producing cell line (HaCat). Cells were photo-
graphed by epifluorescence microscopy at 
maximum expression point. 
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and also, it can be normally expressed in melanoma. Two 

human melanoma cell lines, SK-28 and G361, were used 

as target cells for recombinant AAV infection. To analyze 

the effect of MITF-M promoter on expression of the 

transfer gene, two melanoma cell lines were infected with 

AAV-Mitf(Enh/Pro)-EGFP and AAV-CMV-EGFP. At an 

m.o.i. of 10, EGFP expression was detected in two 

melanoma cell (Fig. 2B, SK-28 and G361). In contrast, 

EGFP protein was not detected in MITF-M no producing 

cell lines (HaCat), even at a same m.o.i.. Therefore, it was 

concluded that EGFP was expressed only in melanoma 

cells. 

Up to the present, various types of gene therapy for cancer 

have been developed. Retrovirus system has an advantage 

of mediating stable gene transfer with a low potential for 

immunogenicity (14, 15), but the vector delivery system 

has the limitation for in vivo usage (16, 17). These include 

the difficulties in producing high-titer virus, the fact that only 

dividing cells are infected, and the possibility of insertional 

mutagenesis. On the other hand, adenoviral vectors deliver 

genes to the liver at very high efficiencies, approaching 

100% gene transduction to hepatocytes (18). However, the 

major disadvantages of adenoviral vectors are the instability 

of the transferred genes in the target cells due to a lack of 

integration and the induction of immunological responses 

(19, 20). As an alternative gene-delivery system, recom- 

binant AAV constitute one of the leading vectors used for 

regulated promoters of gene delivery (21). Other groups 

have reported the use of regulated promoters containing 

tetracycline (22~25), rapamycin (26~28), and tissue-

specific promoters (21). The recombinant AAV has been 

shown to be an ideal for gene transferring and expressing 

foreign genes in mammalian cells, stable integration and 

long-term expression, safety, and the option of using large 

constructs (21). 

In this study, we have generated recombinant AAV 

carrying MITF-M enhancer and promoter region by cloning 

the MITF-M enhancer and promoter genes in the AAV 

genome. Using MITF-M producing SK-28 and G361 cell 

lines and MITF-M non-producing human keratinocyte cell, 

HaCat, it was observed that EGFP was expressed only in the 

melanoma cells. This vector presented one serious problem; 

nonspecific transduction of heterologous gene of interest 

into cells other than target cells. To circumvent this problem, 

we take advantage of the selectivity of melanocyte-type 

promoter for melanoma cells. Thus, this promoter selectivity 

allowed high-level trans-gene production in melanoma cells. 

Our study indicates that the reporter gene could be 

efficiently transferred to human melanoma cells, using 

recombinant AAV under the control of the MITF-M pro- 

moter. It was concluded that the heterologous gene of 

interest could be efficiently transferred to human MITF-M-

producing melanoma cells using recombinant AAV-Mitf 

(Enh/Pro)-EGFP in vitro. 
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