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denatured double-stranded cDNA inserts with a labelled 
single-stranded nucleic acid molecules which are to be Sub 
tracted from the cDNA library; and f) separating the hybrid 
ized labeled single-stranded nucleic acid molecule from the 
double-stranded cDNA inserts, thereby generating a sub 
tracted cDNA library of a cell. This invention also provides 
different uses of the subtracted library. 
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1 TCCTCCTCTCCACCATGGCTCTCTGCAACCAGTTCTCTGCATCACTTGCT 50 
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 

112 TCCTCCTCTGCACCATGGCTCTCTGCAACCAGTTCTCTGCATCACGC 16. 

51 GCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGGCAGATTCC 100 
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 

162 GCTGACACGCCGACCGCCTGCTGCTTCAGCTACACCTCCCGGCAGATTCC 211 
101 ACAGAATTTCATAGCTGACIACTTGAGACGAGCAGCCAGTGCTCCAAGC 150 

| | | | | | | | | | | | | | 
212 ACAGAATTTCATAGCTGACTACTTTGAGACGAGCAGCCAGTGCTCCAAGC 261 
151 CCGGTGTCATCTTCCTAACCAAGCGAACCGGGCAGGTCTGTGCTGACCCC 200 

| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 
262 CCGGTGTCATCTTCCTAACCAAGCGAAGCCGGCAGGTCTGTGCTGACCCC 311 

201 AGTGAGGAGTGGGTCCAGAAATATGTCAGCGACCTGGAGCTGAGT 245 
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | || || 

312 AGIGAGGAGTGGGTCCAGAAAATGTCAGCGACCTGGAGCTGAGT 356 
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F.G.38B 
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MIDA-7 PROTEINS AND METHODS OF USE 
THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation application of 
pending U.S. patent application Ser. No. 10/417.827 of Fisher 
et al., filed Apr. 27, 2003, which is a continuation of U.S. 
patent application Ser. No. 09/221,268 of Fisher et al., filed 
Dec. 23, 1998, now issued as U.S. Pat. No. 6,720,408, which 
is a continuation of U.S. patent application Ser. No. 08/316, 
537 of Fisher et al., filed Sep. 30, 1994, now issued as U.S. 
Pat. No. 6,051,376, which is a continuation-in-part of U.S. 
application Ser. No. 08/143,576 filed Oct. 27, 1993, now 
issued as U.S. Pat. No. 5,643,761, the contents of which are 
hereby incorporated by reference. 

GOVERNMENT LICENSE RIGHTS 

0002 The invention described herein was supported in 
part by National Cancer Institute grants CA35675 and 
CA43208. The United States Government has certain rights 
in this invention. 

SEQUENCE LISTING 
0003. The specification further incorporates by reference 
the Sequence Listing submitted herewith via EFS on May 29, 
2009. Pursuant to 37 C.F.R.S 1.52(e)(5), the Sequence List 
ing text file, identified as “0700503756.TXT is 18,196 bytes 
and was created on Jun. 3, 2009. The Sequence Listing, 
electronically filed herewith, does not does not include any 
new matter which goes beyond the disclosure of the applica 
tion as filed. 

BACKGROUND OF THE INVENTION 

0004 Throughout this application, various publications 
are referenced by within parentheses. Full citations for these 
publications may be found at the end of each series of experi 
ments. The disclosures of these publications in their entireties 
are hereby incorporated by reference into this application in 
order to more fully describe the state of the art as known to 
those skilled therein as of the date of the invention described 
and claimed therein. 
0005 Malignant melanoma is increasing at a rapid rate in 
North American populations and it is estimated that 1 in 100 
children currently born may eventually develop superficial 
spreading-type melanoma (1). Although readily curable at 
early stages, Surgical and chemotherapeutic intervention are 
virtually ineffective in preventing metastatic disease and 
death inpatients with advanced States of malignant melanoma 
(1). These observations emphasize the need for improved 
therapeutic approaches to more efficaciously treat metastatic 
melanoma. A potentially useful therapeutic modality for this 
and other malignancies could involve the use of agents 
capable of inducing an irreversible loss in proliferative capac 
ity in tumor cells without the requirement for direct cytotox 
icity, that is, the differentiation therapy of cancer (2-5). In 
previous studies, applicants have demonstrated that it is pos 
sible to reprogram human melanoma cells to undergo termi 
nal cell differentiation with a concomitant loss of prolifera 
tive capacity by treatment with the combination of 
recombinant human fibroblast interferon (IFN-B) plus the 
antileukemic compound mezerein (MEZ) (6.7). The combi 
nation of IFN-?3+MEZ induces terminal differentiation in 

Oct. 1, 2009 

melanoma cells, innately resistant to the antiproliferative 
effect of either agent alone, and in human melanoma cells 
selected for resistance to growth suppression induced by 
IFN-B (6.7). In contrast, treatment with IFN-?3 or MEZ alone 
results in the development of specific components of the 
differentiation program in human melanoma cells, but these 
agents do not induce most melanoma cells to undergo termi 
nal cell differentiation (6-8). 
0006 Terminal differentiation induced by IFN-B plus 
MEZ in human melanoma cells is associated with an increase 
in melanin synthesis, changes in cellular morphology (char 
acterized by the production of dendrite-like processes), modi 
fications in cell Surface antigenic profile, and an irreversible 
loss of proliferative capacity (3, 6-10). When used separately, 
IFN-B and MEZ induce both growth suppression and 
increased melanin synthesis and MEZ induces the production 
of dendrite-like processes in specific human melanoma cells 
(6.8). Trans-retinoic acid (RA) is effective in inducing tyro 
sinase activity and enhancing melanin synthesis in specific 
human melanoma cultures without altering cell growth, 
whereas mycophenolic acid (MPA) can induce growth Sup 
pression, increased tyrosinase activity and melanin synthesis, 
and dendrite formation (11). In contrast, the combination of 
IFN-B+recombinant immune interferon (IFN-Y results in a 
synergistic Suppression in the growth of human melanoma 
cells without inducing enhanced melanin synthesis or mor 
phologic changes (10.12). These observations Suggest that 
the various changes induced during the process of differen 
tiation in human melanoma cells, that is, increased tyrosinase 
activity and melanin synthesis, antigenic changes, dendrite 
formation, and growth Suppression, can occur with and with 
out the induction of terminal cell differentiation. 
0007 An unresolved issue is the nature of the gene expres 
sion changes that occur in human melanoma cells reversibly 
committed to differentiation vs. human melanoma cells irre 
versibly committed to terminal differentiation. This informa 
tion will be important in defining on a molecular level the 
critical gene regulatory pathways involved in growth and 
differentiation in human melanoma cells. To begin to address 
these questions, applicants have used various experimental 
protocols that result in either growth Suppression without the 
induction of differentiation-associated properties, a revers 
ible induction of differentiation-associated traits, or terminal 
cell differentiation in the HO-1 human melanoma cell line. As 
potential target genes relevant to these processes, applicants 
have analyzed early growth response, extracellular matrix, 
extracellular matrix receptor, and interferon-responsive 
genes. No unique gene expression change was observed 
solely in H0-1 cells induced to terminally differentiate vs. 
cultures reversibly growth arrested. However, treatment of 
H0-1 cells with IFN-B+MEZ was associated with specific 
patterns of gene expression changes that were also apparent in 
HO-1 cells cultured in conditioned medium obtained from 
terminal-differentiation-inducer-treated H0-1 cells. Expo 
Sure to either the terminal differentiation-inducing com 
pounds or -conditioned medium resulted in the enhanced 
expression of HLA Class I antigen, melanoma growth stimu 
latory activity (gro-MGSA), interferon-stimulated gene-15 
(ISG-15), and fibronectin. These observations support the 
potential involvement of a type I interferon and a gro/MGSA 
autocrine loop in the chemical induction of differentiation in 
HO-1 cells 

SUMMARY OF THE INVENTION 

0008. This invention provides a method of generating a 
Subtracted cDNA library of a cell comprising: a) generating a 
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cDNA library of the cell; b) isolating double-stranded DNAS 
from the cDNA library; c) releasing the double-stranded 
cDNA inserts from the double-stranded DNAS; d) denaturing 
the isolated double-stranded cDNA inserts; e) hybridizing the 
denatured double-stranded cDNA inserts with a labelled 
single-stranded nucleic acid molecules which are to be Sub 
tracted from the cDNA library; and f) separating the hybrid 
ized labeled single-stranded nucleic acid molecule from the 
double-stranded cDNA inserts, thereby generating a sub 
tracted cDNA library of a cell. The invention also provides 
different uses of the generated library. 
0009. This invention also provides an isolated nucleic acid 
molecule encoding a protein produced by a melanoma differ 
entiation associated gene. This invention further provides 
different uses of the isolated melanoma differentiation genes. 

BRIEF DESCRIPTION OF THE FIGURES 

0010 FIG. 1A-B Effect of continuous exposure to various 
growth and differentiation modulating agents on the 96-h 
growth of the human melanoma cell line, H0-1. Cells were 
seeded at 5x10/35-mm tissue culture plate and 24h later the 
medium was changed with the indicated compounds. Cell 
numbers were determined by Coulter Counter after 96-h 
growth. Further details can be found in Materials and Meth 
ods. The abbreviations and the concentrations of test com 
pounds uses: IFN-?3+MEZ (recombinant human fibroblast 
interferon--mezerein)) (2,000 U/ml+10 ng/ml); MPA+MEZ 
(mycophenolic acid--MEZ) (3.0 LM-10 ng/ml); RA+MEZ 
(trans-retinoic acid--MEZ) (2.5 LM-10 ng/ml); IFN-B+ 
IFN-G (IFN-B+recombinant human gamma interferon) 
(1,000 U/ml+1,000 U/ml); MEZ (10 ng/ml); MPA (3.0 uM); 
IFN-G (2,000 U/ml); IFN-B (2,000U/ml); RA (2.5uM); and 
Control (media only). 
0011 FIG. 2 Effect of growth and differentiation modu 
lating agents on steady-state c-jun, jun-B, c-myc, HLA Class 
I antigen, HLA Class II (DR), ISG-54, ISG-15, gro/MGSA, 
and GAPDH mRNA levels in HO-1 cells. Total RNA was 
isolated 96 h after treatment with the various agents. The 
concentrations of compounds used were the same as those 
used for growth studies (see legend to FIG. 1). Ten micro 
grams of total cytoplasmic RNA was electrophoresed, trans 
ferred to nylon filters, and hybridized with the indicated P 
labeled gene probes. Further details can be found in Materials 
and Methods of the first series of experiments. 
0012 FIG. 3 Effect on gene expression in H0-1 cells of 
continuous and transient exposure to agents inducing a 
reversible commitment to differentiation or terminal cell dif 
ferentiation. In the left panel 24 h (+). H0-1 cells were 
treated with IFN-B+MEZ (2,000 U/ml+10 ng/ml), MPA+ 
MEZ (3.0 LM-10 ng/ml), RA+MEZ (2.5 LM-10 ng/ml), or 
MEZ (50) (50 ng/ml) for 24 h. In the right panel 24h (+) 72 
h (-), H0-1 cells were treated with the same test agents used 
in the left panel for 24h, the cells were washed three times in 
serum-free medium and cells were cultured for an additional 
72 h in DMEM-10 in the absence of test compound. Total 
RNA was isolated, electrophoresed, transferred to nylon fil 
ters, and hybridized with the indicated P-labeled gene 
probes. Further details can be found in Materials and Methods 
of the first series of experiments. 
0013 FIG. 4 Effect of growth and differentiation modu 
lating agents on steady-state Cls integrin, B integrin, fibronec 
tin, B-actin, y-actin, tenascin, and GAPDH mRNA levels in 
HO-1 cells. Total RNA was isolated 96 h after treatment with 
the various agents. The concentrations of compounds used 
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were the same as those used for growth studies (see legend to 
FIG. 1). Ten micrograms of total RNA was electrophoresed, 
transferred to nylon filters, and hybridized with the indicated 
P-labeled gene probes. Further details can be found in 

Materials and Methods of the first series of experiments. 
(0014 FIG. 5 Effect on gene expression in H0-1 cells of 
continuous and transient exposure to agents, inducing a 
reversible commitment to differentiation or terminal cell dif 
ferentiation. Experimental details are described in the legend 
to FIG. 3 and in Materials and Methods of the first series of 
experiments. 
0015 FIG. 6 Effect of conditioned medium from HO-1 
cells treated with agents, resulting in a reversible commit 
ment to differentiation or terminal cell differentiation on gene 
expression in naive HO-1 cells. H0-1 cells were untreated 
(Control) or treated for 24 h with IFN-?3+MEZ (2,000 U/ml+ 
10 ng/ml), MPA+MEZ (3.0 uM+10 ng/ml), RA+MEZ (2.5 
uM+10 ng/ml), or MEZ (50) (50 ng/ml). The medium was 
then removed, the cultures were washed three times with 
serum-free medium, and grown for an additional 72 h in 
complete growth medium. The conditioned medium was then 
collected, and contaminating cells were removed by centrifu 
gation. Conditioned medium was mixed with an equal Vol 
ume of DMEM-10 (1:2), left panel CONDITIONED 
MEDIUM (1:2) (24 h), and applied to previously untreated 
(naive) HO-1 cells for 24 h. Alternatively, conditioned 
medium was mixed with three parts of DMEM-10 (1:4), right 
panel CONDITIONEDMEDIUM (1:4) (96 h), and applied to 
previously untreated (naive) H0-1 cells for 96 h. Total RNA 
was isolated and analyzed by Northern blotting with the DNA 
probes indicated. Further details can be found in Materials 
and Methods of the first series of experiments. 
0016 FIG. 7 Effect of conditioned medium from HO-1 
cells treated with agents, resulting in a reversible commit 
ment to differentiation or terminal cell differentiation on 
extracellular matrix, extracellular matrix receptor, and 
cytoskeletal gene expression in naive H0-1 cells. Experimen 
tal details are as described in the legend to FIG. 6 and in 
Materials and Methods of the first series of experiments. 
0017 FIG. 8 Flowchart for constructing a subtractive dif 
ferentiation inducer treated human melanoma cell cDNA 
library. cDNA libraries were constructed from differentiation 
inducer IFN-B (2000 units/ml)+MEZ (10 ng/ml) treated 
human melanoma (H0-1) cells (Ind) and untreated control 
(Ind.) H0-1 cells. Using the protocols outlined, an HO-1 
IFN-B+MEZ. (Ind) subtracted cDNA library was con 
structed. 
(0018 FIG. 9 Determination of the purity of the single 
stranded DNA and double-stranded DNA preparations of 
cDNA libraries. Photograph of a 1% agarose electrophoresis 
gel stained with ethidium bromide and photographed under 
illumination with UV light. The single-stranded DNA was 
prepared from the control (Ind) library and double-stranded 
DNA from IFN-B+MEZ. (Ind) library. Lane M, HindIII 
molecular weight markers; lane 1, single-stranded DNA; lane 
2, single-stranded DNA digested with EcoRI and Xhol; lane 
3, double-stranded DNA; lane 4, double-stranded DNA 
digested with EcoRI and Xhol. 
(0019 FIG. 10 Northern blot analyses of untreated control 
and IFN-?3, MEZ and IFN-B+MEZ treated H0-1 cells probed 
with cDNA clones isolated from an H0-1 IFN-B+MEZ (Ind') 
subtracted cDNA library. RNA was isolated from cells 
untreated or treated for 24 hours with IFN-B (2000 units/ml), 
MEZ (10 ng/ml) or IFN-?3+MEZ (2000 units/ml and 10 
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ng/ml). Ten micrograms of total cellular RNA were separated 
on a 1% agarose gel, transferred to nylon membranes and then 
hybridized individually with radioactive probes prepared 
using appropriate inserts from the cDNA clones. The series of 
cDNAs isolated from inducer treated HO-1 cells have been 
tentatively called mda, melanoma differentiation associated, 
genes, Glyceraldehyde phosphate dehydrogenase (GAPDH) 
was used as a control for uniform loading and expression of 
the RNA samples. 
0020 FIG. 11 Homology of mda-3 to the cDNA of human 
macrophage inflammatory protein (GOS 19-1). The DNA 
sequence of mda-3 was obtained using the Sanger dideoxy 
nucleotide sequencing method. For sequence homology with 
known genes, the DNA sequence of mda-3 was compared 
using the GCG/FASTA program and the GenBank/EMBL 
database. The top sequence corresponds to the mda-3 cDNA 
and the bottom sequence corresponds to GOS 19-1. 
0021 FIG. 12 Effect of IFN-?3 and MEZ, alone and in 
combination on the growth of H0-1 human melanoma cells 
(see third series of experiments for further details). 
0022 FIG. 13 Effect of IFN-?3 and MEZ, alone and in 
combination on the morphology of H0-1 human melanoma 
cells. Cells were treated with 2,000 units/ml of IFN-B, 10 
ng/ml MEZ or the combination of agents for 24 h. 
0023 FIG. 14 Expression of proliferative sensitive pro 
teins (P2Ps) in human melanoma cells treated with growth 
Suppressing and differentiation inducing compounds. The 
combination of IFN-B+MEZ induces terminal differentiation 
in FO-1 human melanoma cells, but not in SV40-transformed 
human melanocytes. Experimental details for determining 
P2Ps can be found in Minoo et al. (52) and Witte and Scott 
(53) of the third series of experiments. 
0024 FIG. 15 Northern blot analyses of untreated and 
treated H0-1 cells probed with cDNA clones isolated from an 
H0-1 IFN-B+MEZ. (Ind) subtracted cDNA library. RNA was 
isolated from cells treated for 96 h with the agents indicated. 
Concentration of agents were the same as used in FIG. 1. 
Experimental details can be found in Jiang and Fisher (49) 
and Jiang et al. (14) of the third series of experiments. IFN-B 
2,000 units/ml; IFN- 2,000 units/ml; MEZ 10 ng/ml; MPA3 
uM; RA 2.5M; IFN-?3+IFN-Y (1,000 units/ml of each IFN); 
IFN-B+MEZ (2,000 units/ml+10 ng/ml); MPA+MEZ (3 
uM+10 ng/ml); RA+MEZ (2.5uM+10 ng/ml). 
0025 FIG.16 Expression of mda genes in human mela 
nomas. --control, +=IFN-B+MEZ (2,000 units/ml+10 
ng/ml). 
0026 FIG.17 Expression of mda genes in normal cerebel 
lum, glioblastoma multiforme and normal skin fibroblasts. 
--control, +=IFN-?3+MEZ (2,000 units/ml+10 ng/ml). 
0027 FIG. 18 Expression of mda genes in human colorec 

tal carcinoma (SW613), endometrial adenocarcinoma 
(HTB 113) and prostate carcinoma (LNCaP). --control, 
+=IFN-B+MEZ (2,000 units/ml+10 ng/ml). 
0028 FIG. 19 Effect of various treatment protocols on 
mda expression in H0-1 cells. IFN-B (2,000 units/ml, 24 
hours); MEZ (10 ng/ml, 24 hours); IFN-B+MEZ (2,000 units/ 
ml+10 ng/ml, 24 hours); phenylbutyrate (PB) (4 mM, 24 
hours, 4d, 7 d); Y Rad (Y irradiation) 3 gray, 24 hours, Act D 
(actinomycin D) (5 g/ml, 2 hour->24 hours assay); Adria 
mycin (Adr) (0.1 g/ml, 24 hours); Vincristine (Vin) (0.1 
ug/ml, 24 hours); cis-plt (cis-platinum) (0.1 ug/ml, 24 hours); 
TNF-C. (tumor necrosis factor-C.) (100 units/ml, 24 hours); 
UV (10 joules/mm. 2, 14 and 24 hours assay); VP-16 (5 
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ug/ml, 24 hours); IFN-C (2,000 units/ml, 24 hours); and IFN 
C+MEZ (2,000 units/ml+10 ng/ml, 24 hours). 
0029 FIG. 20. Stages in the development of metastatic 
melanoma. 

0030 FIG. 21A-H. Effect of recombinant human IFN-B 
and mezerein (MEZ) used alone and in combination on the 
morphology of H0-1 and B0-2 human melanoma cells 
(X150). (A) Control H0-1 cells 24 h postplating. (B) HO-1 
cells exposed to 2,000 units/ml IFN-B for 24 h. (C) H0-1 cells 
exposed to 10 ng/ml MEZ for 24 h. (D) H0-1 cells exposed to 
2,000 units/ml IFN-Band 10 ng/ml MEZ for 24 h. (E) Control 
B0-2 cells 24h postplating. (F) B0-2 cells exposed to 2,000 
units/ml IFN-B for 24 h. (G) B0-2 cells exposed to 10 ng/ml 
MEZ for 24 h. (H) B0-2 cells exposed to 2000 units/ml IFN-f 
and 10 ng/ml MEZ for 24 h. Data from reference 18 of the 
fifth series of experiments. 
0031 FIG.22 Components of the differentiation process 
in HO-1 human melanoma cells. Abbreviations: IFN-B: 
recombinant human fibroblast interferon; IFN-y: recombi 
nant immune interferon; MPA: mycophenolic acid; MEZ: 
mezerein; Trans RA: trans retinoic acid. Relative growth Sup 
pression: 4+=~80% reduction in growth in comparison with 
untreated control cultures: 3+=~50 to 60% reduction in 
growth in comparison with untreated control cultures; 
2+=~40% reduction in growth in comparison with untreated 
control cultures: 1+=-30% reduction in growth comparison 
with untreated control cultures. 

0032 FIG. 23A-B cDNA and predicted amino acid 
sequence of mda-6. The predicted translation begins at nucle 
otide 95 and ends at nucleotide 589. Accession number 
U09579 (GeneBank). 
0033 FIG. 24 Cellular changes mediating enhanced 
expression of certain mda genes and differential expression of 
particular mda genes during tumor progression and in normal 
Versus tumor-derived cell types. Specific mda genes have 
been identified that display enhanced expression during treat 
ment with agents that induce growth Suppression, DNA dam 
age (including chemotherapeutic agents that function by dif 
ferent mechanisms) and/or terminal differentiation. 
Additional mda genes have also been shown to display dif 
ferential expression as a function of tumor progression and in 
matched sets of normal versus tumor-derived human cells. 

0034 FIG. 25A-B Induction of mda-6 (WAF1/CIP1/ 
SDI1) expression in HL-60 cells by TPA and RA. Total cyto 
plasmic RNA was isolated from HL-60 cells treated with TPA 
(3 nM) for 0.25,0.5, 1,2,4 or 6d and from HL-60 cells treated 
with RA (1 uM) for 0.5, 1, 2, 4 or 6 d. A 10-lug aliquot of RNA 
was run on a 1.0% agarose gel and transferred to a nylon filter. 
Blots were hybridized with a multi-prime P-labeled mda-6 
gene probe. Filters were stripped and rehybridized with a 
multiprime P-labeled GAPDH probe. 
0035 FIG. 26A-C Early induction of mda-6 (WAF1/ 
CIP1/SDI1) expression in HL-60 and TPA-resistant HL-60 
(HL-525) cells treated with TPA, RA and Vit D3. Cells were 
treated with TPA (3 uM), RA (1 uM) or Vit D3 (400 nM) for 
1, 2, 3, 6 or 12 h. RNA was isolated and analyzed by RT-PCR 
using appropriate mda-6 or GAPDH specific primers as 
described in the Materials and methods. 

0036 FIG. 27A-C Induction of mda-6 (WAF1/CIP1/ 
SDI1) expression in HL-60 and TPA-resistant HL-60 (HL 
525) cells after extended incubation with TPA, RA and Vit 
D3. Cells were treated with TPA (3 nM), RA (1 uM) or Vit D3 
(400 nM) for 0.5, 1, 2, 4 or 6 d. RNA was isolated and 
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analyzed by RT-PCR using appropriate mda-6 or GAPDH 
specific primers as described in the Materials and methods. 
0037 FIG. 28 Induction of the MDA-6 (WAF1/CIP1/ 
SDI1) encoded protein p21 in HL-60 cells treated with TPA, 
DMSO and RA. Lysates from untreated HL-60 (control) and 
HL-60 cells treated with TPA (3 nM), DMSO (1%) or RA (1 
uM) for 12, 24, 48 and 72 h were immunoprecipitated with 
WAF1/CIP1 (MDA-6) polyclonal antibody or actin mono 
clonal antibody as described in Materials and methods. The 
size of the MDA-6 protein is 21 kDa and the size of the Actin 
protein is 42 kDa. 
0038 FIG. 29 A-B Effect of CHX on the induction of 
mda-6 in HL-60 and TPA-resistant HL-60 (HL-525) cells. 
Cells were treated with CHX (10 ug/ml) for 1, 3, 6 or 10 h or 
with CHX (10 g/ml) plus TPA (3 nM) for 1+, 3+, 6+ or 10+ 
h. RNA was isolated and analyzed by RT-PCR using appro 
priate mda-6 or GAPDH specific primers as described in the 
Materials and Methods in the sixth series of experiments. 
0039 FIG. 30 Open-reading frame of mda-6. Predicted 
translation of the mda-6 cDNA begins at nucleotide 95 and 
ends a nucleotide 589. Accession number U09579 (Gen 
bank). mda-6 encodes a 164 amino acid protein with an Mof 
21,000 that is identical to the cyclindependent kinase inhibi 
tor, p21. 
0040 FIG.31A-E Induction of mda-6 (p21) expression in 
HO-1 human melanoma cells as a function of differentiation 
and growth suppression. H0-1 cells were untreated (control) 
or treated for 24h (panel A), 96 h (panel B) or treated for 24 
h followed by growth for 72 h in the absence of inducer (panel 
C) with IFN-B (2000 units/ml), MEZ (10 ng/ml) or IFN-B+ 
MEZ (2000 units/ml+10 ng/ml). In panel D. H0-1 cells were 
grown for the indicated time in medium containing 5% fetal 
bovine serum (Control) or without fetal bovine serum 
(DMEM-0). In panel E, high-density H0-1 cells were incu 
bated in DMEM-0 for the times indicated. RNA isolation, 
Northern blotting and hybridization with mda-6 and GAPDH 
was performed as described (Jiang & Fisher, 1993; Jiang et 
al., 1993). 
004.1 FIG. 32 Effect of IFN-B+MEZ on mda-6 (p21) 
expression in human melanoma cells and an SV40-trans 
formed human melanocyte culture. High-density melanoma 
cells (H0-1, FO-1, L0-1, SH-1, WM239 and WM278) and 
logarithmically growing low-density SV40-transformed 
human melanocytes (SV516-SV) were treated with IFN-B 
(2000 units/ml)+MEZ (10 ng/ml) for 24 hr, total RNA was 
isolated and analyzed by Northern blotting (Jiang & Fisher, 
1993; Jiang et al., 1993). Filters were probed with mda-6 then 
stripped and probed with GAPDH as described (Jiang & 
Fisher, 1993; Jiang et al., 1993). 
0042 FIG.33 Effect of 24 h treatment of HO-1 cells with 
IFN-B, MEZ and IFN-B+MEZ on p53 and p21 levels. Lysates 
from untreated (control) and HO-1 cells treated with IFN-B 
(2000 units/ml), MEZ (10 ng/ml) or IFN-B+MEZ (2000 
units/ml+10 ng/ml) for 24 h were immunoprecipitated with 
p53 monoclonal antibody Ab1 (PAb421), p21 (WAF1/CIP1) 
polyclonal antibody or an actin monoclonal antibody as 
described in Materials and methods in the seventh series of 
experiments. 
0043 FIG.34 Expression of p53 and p21 as a function of 
growth arrest and terminal differentiation in H0-1 cells. 
Lysates from untreated (control) and H0-1 cells treated with 
IFN-B (2000 units/ml), MEZ (10 ng/ml) or IFN-B+MEZ 
(2000 units/ml+10 ng/ml) for 48, 72 and 96 h were immuno 
precipitated with p53 monoclonal antibody Ab1 (PAb421), 
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p21 (WAF1/CIP1) polyclonal antibody or an actin mono 
clonal antibody as described in Materials and methods in the 
seventh series of experiments. 
0044 FIG. 35 Relative expression of mda-6 during mela 
noma progression. The level of mda-6 relative to GAPDH 
was determined by quantitative (comparative) RT-PCR in 
actively growing cells. RGP: radial growth phase primary 
melanoma. VGP: vertical growth phase primary melanoma. 
Results represent average for: 5 melanocyte cultures, one 
dysplastic nevus culture, one SV40-transformed immortal 
ized melanocyte culture, one RGP and four early VGP pri 
mary melanomas and six metastatic melanomas. 
0045 FIG. 36 Expression of mda-6 (p21) as a function of 
Matrigel-mediated progression in primary human melano 
mas. The level of mda-6 and GAPDH was determined by 
RT-PCR for the indicated actively proliferating cell lines. P1 
and P2 refers to the first and second passage, respectively, 
through nude mice of RGP or early VGP melanoma cells in 
combination with Matrigel. 
0046 FIG. 37 Northern blot analysis of mda-6 (p21) 
expression in C8161 human melanoma and chromosome 6 
containing C8161 human melanoma Subclones. Levels of 
mda-6 and GAPDH mRNAs were determined in actively 
growing untreated cells (-) and cells treated for 96 hr with 
IFN-B+MEZ (1000 units/ml+10 ng/ml) as described (Jiang & 
Fisher, 1993; Jiang et al., 1994a). 
0047 FIG. 38A-B Nucleotide sequence and deduced 
encoded amino acid sequence of the mda-7 cDNA. The 
hydrophobic putative transmembrane domain and three 
potential N-glycosylation residues are underlined; the 3' 
untranslated sequence contains three putative instability 
motifs ATTA (underlined) and two consensus signals 
AATAAA for poly(A) addition (underlined). 
0048 FIG. 39 Properties and structure of the mda-7 
encoded gene product as predicted by GCG/Plotstructure 
program. 
0049 FIG. 40 Hydrophobic analysis and structural predic 
tions of the mda-7 encoded gene product by GCG/Pepplot 
program. A potential transmembrane domain is predicted 
using this program. 
0050 FIG. 41 Structure of mda-7 encoded gene produce 
as predicted by the Chou-Fosman method. 
0051 FIG. 42 Relative expression of mda-7 during mela 
noma progression. The level of mda-7 relative to GAPDH 
was determined quantitative (comparative) RT-PCR in 
actively growing cells. The cell lines examined were (1) nor 
mal melanocytes; (2) primary melanoma cells, including 
RGP and VGP cells; and (3) metastatic melanoma cells. 
0.052 FIG. 43 Expression of mda-6 and mda-7 as a func 
tion of aging and senescence in human fibroblast cells. 
IMR90 cells analyzed at late passage (OLD) versus early 
passage (YOUNG). IDH4 cells are IMR90 cells immortal 
ized by an SV40 T-antigen (transcriptionally controlled by a 
dexamethasone (DEX) inducible mouse mammary tumor 
virus promoter). Growth of IDH4 cells in DEX results in 
active growth and expression of an immortalized phenotype 
(aYOUNG IMR90 phenotype). In contrast, removal of DEX 
results in a shutdown of the T-antigen and loss of proliferative 
capacity and senescence (SENESCENT). RNA was extracted 
from the four cell lines and analyzed by reverse transcription 
polymerase chain reaction (RT-PCR) using primer sequences 
specific for mda-6, mda-7 or GAPDH. As a control for 
expression of these genes, RNA from HO-1 human melanoma 
cells treated with IFN-B+MEZ (2000 units/ml+10 ng/ml) for 
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96 hr was used. H0-1 cells under these conditions are irre 
versibly growth arrested and terminally differentiated. 

DETAILED DESCRIPTION OF THE INVENTION 

0053. Throughout this application, the following standard 
abbreviations are used to indicate specific nucleotides: 

0054 C-cytosine A=adenosine 
0055 T-thymidine G-guanosine 

0056. This invention provides a method of generating a 
Subtracted cDNA library of a cell comprising: a) generating a 
cDNA library of the cell; b) isolating double-stranded DNAS 
from the cDNA library; c) releasing the double-stranded 
cDNA inserts from the double-stranded DNAS; d) denaturing 
the isolated double-stranded cDNA inserts; e) hybridizing the 
denatured double-stranded cDNA inserts with a labelled 
single-stranded nucleic acid molecules which are to be Sub 
tracted from the cDNA library; and f) separating the hybrid 
ized labeled single-stranded nucleic acid molecule from the 
double-stranded cDNA inserts, thereby generating a sub 
tracted cDNA library of a cell. 
0057. In an embodiment, the cDNA library of the cell is a 
ZAP clDNA library. 
0058. This invention provides the above-described 
method, wherein the releasing of the double-stranded cDNA 
is performed by digestion with appropriate restriction 
enzymes. 
0059. This invention also provides the above-method of 
generating a subtracted cDNA library of a cell, wherein the 
denaturing of step d) is by boiling. 
0060. In an embodiment, the single-stranded nucleic acid 
molecules are DNAs. In a further embodiment, the single 
stranded nucleic acid molecules are labelled with biotin. In a 
still further embodiment, the single-stranded nucleic acid 
molecules are labelled with biotin, wherein the separating of 
step f) is performed by extraction with streptavidin-phenol: 
Chloroform. 
0061. Other methods for labelling single-stranded nucleic 
acid molecules are well-known in the art. 
0062. This invention further provides the above-described 
methods of generating a subtracted cDNA library of a cell, 
wherein the single-stranded nucleic acid molecules are from 
another cDNA library. In another embodiment, this cloNA 
library is a ZAP cDNA library. 
0063. In another embodiment, the single-stranded nucleic 
acid molecules are from another cDNA library, wherein the 
cDNA library is a ZAP cDNA library, wherein the cell is an 
HO-1 melanoma cell treated with IFN-Band MEZ. 
0064. In another embodiment, wherein the cDNA library 

is a ZAP clNA library, the cell is an HO-1 melanoma cell 
treated with IFN-B and MEZ and the single-stranded nucleic 
acid molecules are from another cDNA library of a HO-1 
melanoma cell. 
0065. In still another embodiment of the above-described 
methods of generating a subtracted cDNA library of a cell, 
wherein the cDNA library is a ZAP cDNA library, wherein 
the cell is terminally differentiated and the single-stranded 
nucleic acid molecules are from another cDNA library of an 
undifferentiated cell. 
0.066. In still another embodiment of the above-described 
methods of generating a subtracted cDNA library of a cell, 
wherein the cDNA library is a ZAP cDNA library, wherein 
the cell is undifferentiated and the single-stranded nucleic 
acid molecules are from another cDNA library of a terminally 
differentiated cell. 
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0067. In one embodiment of the above-described method 
of generating a subtracted cDNA library of a cell, the cell is 
selected from a group consisting essentially of neuroblastoma 
cell, glioblastoma multiforme cell, myeloid leukemic cell, 
breast carcinoma cell, colon carcinoma cell, endometrial car 
cinoma cell, lung carcinoma cell, ovarian carcinoma cell and 
prostate carcinoma cell. 
0068. In another embodiment of the above-described 
method of generating a subtracted cDNA library of a cell, the 
cell is induced to undergo reversible growth arrest or DNA 
damage and the single-stranded nucleic acid molecules are 
from another cDNA library of an uninduced cell. 
0069. In still another embodiment of the above-described 
method of generating a subtracted cDNA library of a cell, the 
cell is at one developmental stage and the single-stranded 
nucleic acid molecules are from another cDNA library from 
the cell at different developmental stage. 
0070. In still another embodiment of the above-described 
method of generating a subtracted cDNA library of a cell, the 
cell is cancerous and the single-stranded nucleic acid mol 
ecules are from another cDNA library from a normal cell. 
(0071. In another embodiment, the cell is from the breast, 
brain, meninges, spinal cord, colon, endometrium, lung, pros 
tate and ovary. 
0072 This invention also provides a method of generating 
a Subtracted cDNA library of a cell comprising: a) generating 
a cDNA library of the cell; b) isolating double-stranded 
DNAs from the cDNA library; c) releasing the double 
stranded cDNA inserts from the double-stranded DNAS; d) 
denaturing the isolated double-stranded cDNA inserts; e) 
hybridizing the denatured double-stranded cDNA inserts 
with a labelled single-stranded nucleic acid molecules which 
are to be subtracted from the cDNA library; and f) separating 
the hybridized labeled single-stranded nucleic acid molecule 
from the double-stranded cDNA inserts, thereby generating a 
subtracted cDNA library of a cell, wherein the single 
stranded nucleic acid molecules are from another cDNA 
library, wherein the cDNA library is a ZAP cDNA library, 
further comprising introducing the Subtracted library into 
host cells. 
0073. This invention provides a subtracted library gener 
ated by the method generating a subtracted cDNA library of a 
cell comprising: a) generating a cDNA library of the cell; b) 
isolating double-stranded DNAs from the cDNA library; c) 
releasing the double-stranded cDNA inserts from the double 
stranded DNAs; d) denaturing the isolated double-stranded 
cDNA inserts; e) hybridizing the denatured double-stranded 
cDNA inserts with a labelled single-stranded nucleic acid 
molecules which are to be subtracted from the cDNA library; 
and f) separating the hybridized labeled single-stranded 
nucleic acid molecule from the double-stranded cDNA 
inserts, thereby generating a subtracted cDNA library of a 
cell. 
0074 This invention provides a subtracted library gener 
ated by the method of generating a subtracted cDNA library 
of a cell comprising: a) generating a cDNA library of the cell; 
b) isolating double-stranded DNAs from the cDNA library; c) 
releasing the double-stranded cDNA inserts from the double 
stranded DNAs; d) denaturing the isolated double-stranded 
cDNA inserts; e) hybridizing the denatured double-stranded 
cDNA inserts with a labelled single-stranded nucleic acid 
molecules which are to be subtracted from the cDNA library; 
and f) separating the hybridized labeled single-stranded 
nucleic acid molecule from the double-stranded cDNA 
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inserts, thereby generating a subtracted cDNA library of a 
cell, wherein the single-stranded nucleic acid molecules are 
from another cDNA library, wherein the cDNA library is a 
WZAP clNA library, wherein the cell is an HO-1 melanoma 
cell treated with IFN-Band MEZ, wherein the single-stranded 
nucleic acid molecules are from another cDNA library of a 
HO-1 melanoma cell. 

0075. This invention provides a method of identifying a 
melanoma differentiation associated gene comprising: a) 
generating probes from clones of the above-described Sub 
tracted library; and b) hybridizing the probe with total RNAs 
or mRNAs from H0-1 cells treated with IFN-Band MEZ and 
total RNAS or mRNAs from untreated H0-1 cells, hybridiza 
tion of the probe with the mRNAs from the treated H0-1 cell 
but no or reduced hybridization with the total RNAs or 
mRNAs from untreated cells indicating that the clone from 
which the probe is generated carries a melanoma differentia 
tion associated gene. 
0076. This invention further provides a melanoma differ 
entiation associated gene identified by the above method. 
0077. This invention provides a nucleic acid molecule of 
at least 15 nucleotides capable of specifically hybridizing 
with a sequence of mda-4 gene. 
0078. This invention further provides a method of detect 
ing the expression of mda-4 gene in a cell comprising: a) 
isolating the nucleic acids in the cell; b) hybridizing the 
isolated nucleic acids with the nucleic acid molecule capable 
of specifically hybridizing with a sequence of mda-4 gene 
under conditions permitting hybrid formation; and c) detect 
ing hybrids formed, the detection of the hybrids indicating 
expression of mda-4 gene in the cell. 
0079. This invention also provides a method to indicate 
the tissue lineage of a cell comprising detecting the expres 
sion of mda-4 gene using the above-described method, the 
expression of mda-4 gene indicating that the tissue lineage of 
the cell is neuroectodermal. 

0080. This invention also provides a method for distin 
guishing a fibroblast or epithelial cell from a melanoma or 
central nervous system cell comprising detecting the expres 
sion of mda-4 gene using the above-described method, the 
expression of mda-4 indicating that the cell is a melanoma 
cell or a central nervous system lineage cell. 
0081. This invention provides a method to monitor the 
response to DNA damage induced by gamma irradiation and 
UV irradiation of a cell comprising hybridizing the nucleic 
acid molecule capable of specifically hybridizing with a 
sequence of mda-4 gene, hybridization of the nucleic acids 
from the cell indicating that there is a response to the DNA 
damage of the cell. 
0082. This invention provides a method of monitoring a 
response to treatment with chemotherapeutic agents which 
work in a similar manner as cis-platinum in a cell comprising 
hybridizing the nucleic acids from the cell with the nucleic 
acid molecule capable of specifically hybridizing with a 
sequence of mda-4 gene, hybridization of the nucleic acids 
from the cell responds to the treatment with the chemothera 
peutic agents. 
0083. This invention further provides a method for detect 
ing types I or II interferons in a sample comprising: a) incu 
bating the sample with the 5' regulatory element of the mda-4 
gene under conditions permitting binding of types I and II 
interferons transcriptional regulatory proteins to the regula 
tory elements; and b) detecting the binding of types I or II 
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interferons transcriptional regulatory proteins to the regula 
tory elements, the binding indicating the presence of type I or 
II interferons in the sample. 
I0084 As used herein, the term “sample' is broadly 
defined. It includes, but not limited to bodily fluids such as 
urine, saliva, blood and other clinical samples. 
I0085 Transcriptional regulatory proteins which are 
responsive to type I or II interferons are well-known in the art. 
I0086. In an embodiment, the target cell is a eukaryotic cell. 
In a separate embodiment, the 5' regulatory element is linked 
to the native mda-4 gene and the detection of binding is by 
examination of the elevated expression of the mda-4 gene. In 
an embodiment, the 5' regulatory element is linked to a 
marker gene. In a further embodiment, the marker gene is 
B-galactosidase or CAT. 
I0087. This invention provides an isolated nucleic acid 
molecule encoding a protein produced by a melanoma differ 
entiation associated gene designated mda-1. In an embodi 
ment, the nucleic acid is a cDNA. In another embodiment, the 
nucleic acid is genomic DNA. 
I0088. In a separate embodiment, the mda-1 gene is coding 
for a human protein. 
I0089. This invention provides an isolated nucleic acid 
molecule encoding a protein produced by a melanoma differ 
entiation associated gene designated mda-2. In an embodi 
ment, the nucleic acid is a cDNA. In another embodiment, the 
nucleic acid is genomic DNA. 
0090. In a separate embodiment, the mda-2 gene is coding 
for a human protein. 
0091. This invention provides an isolated nucleic acid 
molecule encoding a protein produced by a melanoma differ 
entiation associated gene designated mda-4. In an embodi 
ment, the nucleic acid is a cDNA. In another embodiment, the 
nucleic acid is genomic DNA. 
0092. In a separate embodiment, the mda-4 gene is coding 
for a human protein. 
0093. This invention provides an isolated nucleic acid 
molecule encoding a protein produced by a melanoma differ 
entiation associated gene designated mda-5. In an embodi 
ment, the nucleic acid is a cDNA. In another embodiment, the 
nucleic acid is genomic DNA. 
0094. In a separate embodiment, the mda-5 gene is coding 
for a human protein. 
0.095 This invention provides a nucleic acid molecule of 
at least 15 nucleotides capable of specifically hybridizing 
with a sequence of the nucleic acid molecule, mda-5. 
0096. This invention provides a method of detecting the 
expression of mda-5 gene in a cell comprising: a) isolating the 
nucleic acids in the cell; b) hybridizing the isolated nucleic 
acids with the nucleic acid molecules of at least 15 nucle 
otides capable of specifically hybridizing with a sequence of 
the nucleic acid molecule mda-5 under conditions permitting 
hybrids formation; and c) detecting hybrids formed, the 
detection of the hybrids formed indicating the expression of 
mda-5 gene in the cell. 
0097. This invention provides a method for distinguishing 
a normal neuroectodermal cell from a malignant neuroecto 
dermal cell comprising detecting the expression of mda-5 
gene using the method of detecting the expression of mda-5 
gene in a cell comprising: a) isolating the nucleic acids in the 
cell; b) hybridizing the isolated nucleic acids with the nucleic 
acid molecules of at least 15 nucleotides capable of specifi 
cally hybridizing with a sequence of the nucleic acid mol 
ecule mda-5 under conditions permitting hybrids formation; 
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and c) detecting hybrids formed, the detection of the hybrids 
formed indicating the expression of mda-5 gene in the cell, 
the expression of mda-5 gene indicating that the cell is normal 
neuroectodermal cell. 

0098. This invention provides a method for detecting 
types I or II interferons in a sample comprising: a) incubating 
the sample with the 5' regulatory element of the mda-5 gene 
under conditions permitting binding of types I and II inter 
ferons transcriptional regulatory proteins to the regulatory 
elements; and b) detecting the binding of the types I or II 
interferons transcriptional regulatory proteins to the regula 
tory elements, the binding indicating the presence of type I or 
type II interferons in the sample. 
0099. In an embodiment, the cell is a eukaryotic cell. In 
another embodiment, the 5' regulatory element is linked to the 
native mda-5 gene and the detection of binding is by the 
examination of the elevated expression of mda-5 gene. 
0100. In a separate embodiment, the 5' regulatory element 

is linked to a marker gene. In a further embodiment, the 
marker gene is B-galactosidase, luciferase or CAT. 
0101 This invention provides a method for identifying a 
compound capable of inducing terminal differentiation in 
human melanoma cells comprising: a) incubating the human 
melanoma cells with an appropriate concentration of the 
compound; and b) detecting the expression of mda-5 using 
the above-described method, the expression of mda-5 gene 
indicating that the compound is capable of inducing terminal 
differentiation in human melanoma cells. 

0102) This invention provides an isolated nucleic acid 
molecule encoding a protein produced by a melanoma differ 
entiation associated gene designated mda-6. In an embodi 
ment, the nucleic acid is a cDNA. In another embodiment, the 
nucleic acid is genomic DNA. 
0103) In a separate embodiment, the mda-6 gene is coding 
for a human protein. 
0104. This invention provides a nucleic acid molecule of 
at least 15 nucleotides capable of specifically hybridizing 
with a sequence of the nucleic acid molecule, an isolated 
nucleic acid molecule encoding a protein produced by a mela 
noma differentiation associated gene designated mda-6. 
0105. This invention provides a method of detecting the 
expression of mda-6 gene in a cell comprising: a) isolating the 
nucleic acids in the cell; b) hybridizing the isolated nucleic 
acids with the nucleic acid molecules of a nucleic acid mol 
ecule of at least 15 nucleotides capable of specifically hybrid 
izing with a sequence of the nucleic acid molecule, an isolated 
nucleic acid molecule encoding a protein produced by a mela 
noma differentiation associated gene designated mda-6 under 
conditions permitting hybrids formation; and c) detecting 
hybrids formed, the detection of the hybrids formed indicat 
ing the expression of mda-6 gene in the cell. 
0106. This invention provides a method for distinguishing 
a normal neuroectodermal cell from a malignant neuroecto 
dermal cell comprising detecting the expression of mda-6 
gene using the method of detecting the expression of mda-6 
gene in a cell comprising: a) isolating the nucleic acids in the 
cell; b) hybridizing the isolated nucleic acids with the nucleic 
acid molecules capable of recognizing the mda-6 gene under 
conditions permitting hybrids formation; and c) detecting 
hybrids formed, the detection of the hybrids formed indicat 
ing the expression of mda-6 gene in the cell, the expression of 
mda-6 gene indicating that the cell is normal neuroectoder 
mal cell. 
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0107 The invention also provides a method for distin 
guishing an adenocarcinoma cell from a carcinoma cell com 
prising detecting the expression of mda-6 gene using the 
above-described method, the expression of mda-6 gene indi 
cating that the cell is a carcinoma cell. 
0108. The invention further provides a method for moni 
toring the response of a cell to an anticancer agent such as 
actinomycin-D or adriamycin comprising detecting the 
expression of mda-6 gene using the above-described method, 
the expression of mda-6 gene indicating that the cell responds 
to the anticancer agent. 
0109. This invention provides a method for monitoring 
response to topoisomerase inhibitor by a cell comprising 
detecting the expression of mda-6 using the above-described 
method of detecting the expression of mda-6 gene in a cell, 
the expression of mda-6 indicating that the cell responds to 
the topoisomerase inhibitor. 
0110. This invention provides a method for identifying a 
compound capable of inducing terminal differentiation in 
human melanoma cells comprising: a) incubating the human 
melanoma cells with an appropriate concentration of the 
compound; and b) detecting the expression of mda-6 in a cell 
using the above-described method, the expression of mda-6 
gene indicating that the compound is capable of inducing 
terminal differentiation in human melanoma cells. 
0111. This invention provides a method for identifying a 
compound capable of inducing terminal differentiation in 
human leukemia cells comprising a) incubating the human 
leukemia cells with an appropriate concentration of the com 
pound; and b) detecting the expression of mda-6 using the 
above-described method, the expression of mda-6 gene indi 
cating that the compound is capable, of inducing terminal 
differentiation in human leukemia cells. 
0112 This invention also provides a method for identify 
ing a compound capable of inducing terminal differentiation 
in human lymphoma cells comprising: a) incubating the 
human lymphoma cells with an appropriate concentration of 
the compound; and b) detecting the expression of mda-6 
using the above-described method, the expression of mda-6 
gene indicating that the compound is capable of inducing 
terminal differentiation in human lymphoma cells. 
0113. This invention provides a method for identifying a 
compound capable of inducing terminal differentiation in 
human neuroblastoma cells comprising: a) incubating the 
human neuroblastoma cells with an appropriate concentra 
tion of the compound; and b) detecting the expression of 
mda-6 using the above-described method, the expression of 
mda-6 gene indicating that the compound is capable of induc 
ing terminal differentiation in human neuroblastoma cells. 
0114. This invention also provides a method for identify 
ing a compound capable of inducing terminal differentiation 
in human glioblastoma multiforme cells comprising: a) incu 
bating the human glioblastoma cells with an appropriate con 
centration of the compound; and b) detecting the expression 
of mda-6 using the above-described method, the expression 
of mda-6 gene indicating that the compound is capable of 
inducing terminal differentiation in humanglioblastoma mul 
tiforme cells. 
0115 This invention also provides a method for distin 
guishing an early stage from a more progressed human mela 
noma cell comprising detecting the expression of mda-6 gene 
using the above-described method, the expression of mda-6 
gene indicating that the cell is a less progressed human mela 
noma cell. 
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0116. This invention provides a method for reversing the 
malignant phenotype of cells comprising: (a) linking the 
mda-6 gene to a regulatory element such that the expression 
of the mda-6 gene is under the control of the regulatory 
element; and (b) introducing the linked mda-6 gene into the 
malignant cells for the expression of the mda-6 gene, thereby 
reversing the malignant phenotype of cells. 
0117 This invention also provides a method for reversing 
the malignant phenotype of cells comprising: (a) linking the 
mda-6 gene to a regulatory element such that the expression 
of the mda-6 gene is under the control of the regulatory 
element; (b) introducing the linked mda-6 gene into the 
malignant cells; and (c) placing the cells from step (b) in 
appropriate conditions to express the mda-6 gene Such that 
the expression of the mda-6 gene will reverse the transform 
ing phenotype of the malignant cells. 
0118. This invention also provides a method of reversing 
the phenotype of malignant cells in a Subject comprising: (a) 
linking the mda-6 gene to a regulatory element such that the 
expression of the mda-6 gene is under the control of the 
regulatory element; (b) introducing the linked mda-6 gene 
into the malignant cells for the expression of the mda-6 gene, 
thereby reversing the phenotype of the malignant cells. 
0119 This invention also provides a method of reversing 
the phenotype of malignant cells in a Subject comprising: (a) 
linking the mda-6 gene to a regulatory element such that the 
expression of the mda-6 gene is under the control of the 
regulatory element; (b) introducing the linked mda-6 gene 
into the malignant cells of the subject; and (c) inducing the 
expression of the mda-6 gene which will reverse the trans 
forming properties of the cells, thereby reversing the pheno 
type of the malignant cells in the Subject. 
0120. This invention also provides a method of inducing 
growth suppression in tumorigenic and metastatic cells com 
prising: (a) linking the mda-6 gene to a regulatory element 
Such that the expression of the mda-6 gene is under the control 
of the regulatory element; (b) introducing the linked mda-6 
gene into the tumorigenic and metastatic cells; and (c) induc 
ing the expression of the mda-6 gene, thereby inducing 
growth Suppression in tumorigenic and metastatic cells. 
0121 This invention also provides a method of inducing 
terminal differentiation in tumorigenic and metastatic cells 
comprising: (a) linking the mda-6 gene to a regulatory ele 
ment Such that the expression of the mda-6 gene is under the 
control of the regulatory element; (b) introducing the linked 
mda-6 gene into the tumorigenic and metastatic cells; and (c) 
inducing the expression of the mda-6 gene, thereby inducing 
terminal differentiation in tumorigenic and metastatic cells. 
0122. In an embodiment, the cell is a melanoma, leukemia, 
lymphoma, neuroblastoma, glioblastoma or carcinoma cell. 
0123. In a separate embodiment, the regulatory element is 
a promoter. In a further embodiment, the promoter is a tissue 
specific promoter. In another embodiment, the promoter is an 
inducible promoter. 
0.124. The linked mda-6 gene may be introduced into the 
cells by naked DNA technology, retroviral vectors, antibody 
coated liposomes, mechanical or electrical means. These 
technologies are known in the art. 
0.125. This invention provides a method of determining the 
stage of a melanoma comprising: (a) obtaining appropriate 
amount of cells from the melanoma; (b) measuring the 
expression level of the mda-6 gene in the cells; and (b) com 
paring the expression level with predetermined standards of 
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normal and melanoma cells in different stages, thereby deter 
mining the stage of a melanoma. 
I0126. In an embodiment, the expression is measured by 
the antibodies against the mda-6 protein. In another embodi 
ment, the expression is measured by in situ hybridization. 
I0127. This invention also provides a method for indicating 
the effectiveness of a treatment against cancer comprising 
measuring the expression level of mda-6 gene in the cells of 
the cancer, the increase of the expression level indicating the 
effectiveness of the treatment. In an embodiment, the cancer 
is melanoma. In another embodiment, the cancer is leukemia. 
In a separate embodiment, the cancer is lymphoma. In 
another embodiment, the cancer is neuroblastoma. In a fur 
ther embodiment, the cancer is a glioblastoma multiforme 
tumor. In a still further embodiment, the cancer is a carci 
Oa. 

I0128. This invention provides an isolated nucleic acid 
molecule encoding a protein produced by a melanoma differ 
entiation associated gene designated mda-7. In an embodi 
ment, the nucleic acid is a cDNA. In another embodiment, the 
nucleic acid is genomic DNA. 
I0129. In a separate embodiment, the mda-7 gene is coding 
for a human protein. 
0.130. This invention provides an isolated nucleic acid 
molecule of a cDNA, wherein the protein is a human protein. 
I0131 This invention provides a nucleic acid molecule of 
at least 15 nucleotides capable of specifically hybridizing 
with a sequence of the nucleic acid molecule of mda-7. 
0.132. This invention provides a method of detecting the 
expression of mda-7 gene in a cell comprising: a) isolating the 
nucleic acids in the cell; b) hybridizing the isolated nucleic 
acids with the nucleic acid molecules of at least 15 nucle 
otides capable of specifically hybridizing with a sequence of 
the nucleic acid molecule of an isolated nucleic acid molecule 
encoding a protein produced by a melanoma differentiation 
associated gene designated mda-7 under conditions permit 
ting hybrids formation; and c) detecting hybrids formed, the 
detection of the hybrids formed indicating the expression of 
mda-7 gene in the cell. 
I0133. This invention provides a method for determining 
whether a cell is a melanoma cell or a carcinoma cell com 
prising detecting the expression of mda-7 gene using the 
above-described method of detecting the expression of mda-7 
gene in a cell, the expression of mda-7 gene indicating that the 
cell is a melanoma cell. 

I0134. The invention further provides a method for distin 
guishing a melanocyte or early stage melanoma cell from an 
advanced metastatic melanoma cell comprising detecting the 
expression of mda-7 gene using the above-described method, 
the expression of mda-7 gene indicating that the cell is a 
melanocyte or early stage melanoma cell. 
0.135 This invention provides a method for distinguishing 
a normal neuroectodermal cell from a malignant neuroecto 
dermal cell comprising detecting the expression of mda-7 
gene using the above-described method of detecting the 
expression of mda-7 gene in a cell, the expression of mda-7 
gene indicating that the tissue lineage of the cell is normal 
neuroectodermal cell. 

0.136 The invention also provides a method for distin 
guishing a fibroblast from an epithelial cell comprising 
detecting the expression of mda-7 gene using the above 
described method, the expression of mda-7 gene indicating 
that the cell is a fibroblast. 
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0.137 This invention provides a method for identifying a 
compound capable of inducing growth suppression in human 
melanoma cells comprising: a) incubating appropriate con 
centration of the human melanoma cells with an appropriate 
concentration of the compound; and b) detecting the expres 
sion of mda-7 using the above-described method, the expres 
sion of mda-7 gene indicating that the compound is capable of 
inducing growth Suppression in human melanoma cells. 
0.138. The invention further provides a method for moni 
toring the response of a cell to an anticancer agent Such as 
adriamycin or Vincristine comprising detecting the expres 
sion of mda-7 gene using the above-described method, the 
expression of mda-7 gene indicating that the cell responds to 
the anticancer agent. 
0.139. The invention also provides a method for monitor 
ing the response of a cell to DNA damage induced by UV 
irradiation comprising detecting the expression of mda-7 
gene using the above-described method, the expression of 
mda-7 gene indicating that the cell responds to the DNA 
damage. 
0140. This invention provides a method for reversing the 
malignant phenotype of cells comprising: (a) linking the 
mda-7 gene to a regulatory element such that the expression 
of the mda-7 gene is under the control of the regulatory 
element; and (b) introducing the linked mda-7 gene into the 
malignant cells for the expression of the mda-7 gene, thereby 
reversing the malignant phenotype of cells. 
0141. This invention also provides a method for reversing 
the malignant phenotype of cells comprising: (a) linking the 
mda-7 gene to a regulatory element such that the expression 
of the mda-7 gene is under the control of the regulatory 
element; (b) introducing the linked mda-7 gene into the 
malignant cells; and (c) placing the cells from step (b) in 
appropriate conditions to express the mda-7 gene Such that 
the expression of the mda-7 gene will reverse the transform 
ing phenotype of the malignant cells. 
0142. This invention also provides a method for reversing 
the phenotype of malignant cells in a Subject comprising: (a) 
linking the mda-7 gene to a regulatory element such that the 
expression of the mda-7 gene is under the control of the 
regulatory element; and (b) introducing the linked mda-7 
gene into the malignant cells for the expression of the mda-7 
gene, thereby reversing the phenotype of the malignant cells. 
0143. This invention also provides a method to reversing 
the phenotype of malignant cells in a Subject comprising: (a) 
linking the mda-7 gene to a regulatory element such that the 
expression of the mda-7 gene is under the control of the 
regulatory element; (b) introducing the linked mda-7 gene 
into the malignant cells of the Subject; and (c) inducing the 
expression of the mda-7 gene which will reverse the trans 
forming properties of the cells, thereby reversing the pheno 
type of the malignant cells in the Subject. 
0144. This invention also provides a method of inducing 
growth suppression in tumorigenic and metastatic cells com 
prising: (a) linking the mda-7 gene to a regulatory element 
Such that the expression of the mda-7 gene is under the control 
of the regulatory element; (b) introducing the linked mda-7 
gene into the tumorigenic and metastatic cells; and (c) induc 
ing the expression of the mda-7 gene, thereby inducing 
growth Suppression in tumorigenic and metastatic cells. 
0145 This invention also provides a method of inducing 
terminal differentiation in tumorigenic and metastatic cells 
comprising: (a) linking the mda-7 gene to a regulatory ele 
ment Such that the expression of the mda-7 gene is under the 
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control of the regulatory element; (b) introducing the linked 
mda-7 gene into the tumorigenic and metastatic cells; and (c) 
inducing the expression of the mda-7 gene, thereby inducing 
terminal differentiation in tumorigenic and metastatic cells. 
In an embodiment, the cell is a melanoma cell. In another 
embodiment, the cell is a leukemia cell. In a further embodi 
ment, the cell is a lymphoma cell. In a still further embodi 
ment, the cell is a neuroblastoma cell. In another still further 
embodiment, the cell is a glioblastoma multiforme cell. 
0146 In a separate embodiment, the regulatory element is 
a promoter. In a further embodiment, the promoter is a tissue 
specific promoter. In another embodiment, the promoter is an 
inducible promoter. 
0147 The linked mda-7 gene may be introduced into the 
cells by naked DNA technology, retroviral vectors, antibody 
coated liposomes, mechanical or electrical means. These 
technologies are known in the art. 
0.148. This invention also provides a method of determin 
ing the stage of a melanoma comprising: (a) obtaining appro 
priate amount of cells from the melanoma; (b) measuring the 
expression level of the mda-7 gene in the cells; and (b) com 
paring the expression level with predetermined standards of 
normal and melanoma cells in different stages, thereby deter 
mining the stage of a melanoma. 
0149. In an embodiment, the expression is measured by 
the antibodies against the mda-7 protein. In another embodi 
ment, the expression is measured by in situ hybridization. 
0150. This invention also provides a method for indicating 
the effectiveness of a treatment against cancer comprising 
measuring the expression level of mda-7 gene in the cells of 
the cancer, the increase of the expression level indicating the 
effectiveness of the treatment. The cancer may be a mela 
noma, leukemia, lymphoma, neuroblastoma or a glioblas 
toma multiforme tumor. 
0151. This invention provides a method of determining 
whether a cell is senescent comprising detecting the expres 
sion of mda-7, the expression of the mda-7 gene indicating 
that the cell is senescent. 

0152 This invention provides a method of identifying a 
compound inhibiting senescence comprising: a) incubating a 
plurality of cells with an appropriate amount of a compound; 
b) detecting the expression of mda-7, the inhibition of the 
expression of mda-7 indicating that the compound is inhibit 
ing Senescence. 
0153. This invention provides an isolated nucleic acid 
molecule encoding a protein produced by a melanoma differ 
entiation associated gene designated mda-8. In an embodi 
ment, the nucleic acid is a cDNA. In another embodiment, the 
nucleic acid is genomic DNA. 
0154) In a separate embodiment, the mda-8 gene is coding 
for a human protein. 
0155 This invention provides a nucleic acid molecule of 
at least 15 nucleotides capable of specifically hybridizing 
with a sequence of the nucleic acid molecule of an isolated 
nucleic acid molecule encoding a protein produced by a mela 
noma differentiation associated gene designated mda-8. 
0156 This invention provides a method of detecting the 
expression of mda-8 gene in a cell comprising: a) isolating the 
nucleic acids in the cell; b) hybridizing the isolated nucleic 
acids with the nucleic acid molecules capable of mda-8, under 
conditions permitting hybrids formation; and c) detecting 
hybrids formed, the detection of the hybrids formed indicat 
ing the expression of mda-8 gene in the cell. 
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0157. This invention provides a method for distinguishing 
a glial cell from a malignant astrocytoma cell comprising 
detecting the expression of mda-8 gene using the above 
described method, the expression of mda-8 gene indicating 
that the cell is a normal glial cell. 
0158. The invention also provides a method for monitor 
ing the response of a cell to an anticancer agent Such as 
actinomycin D, adriamycin or cis-platinum comprising 
detecting the expression of mda-8 gene using the above 
described method, the expression of mda-8 gene indicating 
that the cell responds to the anticancer agent. 
0159. The invention further provides a method for moni 
toring the response of a cell to DNA damage induced by UV 
irradiation comprising detecting the expression of mda-8 
gene using the above-described method, the expression of 
mda-8 gene indicating that the cell responds to the DNA 
damage. 
0160 This invention provides a method for detecting type 
II interferons in a sample comprising: a) incubating the 
sample with a target cell containing the 5' regulatory element 
of mda-8 permitting binding of type II interferon transcrip 
tional regulatory proteins to the 5' regulatory element; and b) 
detecting the binding, the binding indicating the presence of 
type II interferons in the sample. 
0161 In an embodiment, the cell is an eukaryotic cell. 
0162. In another embodiment, the 5' regulatory element is 
linked to the native mda-8 gene and the detection of binding 
is by the examination of the elevated level of mda-8 gene 
expression. 
0163. In one embodiment, the 5' regulatory element is 
linked to a marker gene. In a still further embodiment, the 
marker gene is B-galactosidase, luciferase or CAT. 
0164. This invention provides a method for identifying a 
compound capable of inducing terminal differentiation in 
human melanoma cells comprising: a) inducing appropriate 
concentration of the human melanoma cells with an appro 
priate concentration of the compound; and b) detecting the 
expression of mda-8 using the above-described method, the 
expression of mda-8 gene indicating that the compound is 
capable of inducing terminal differentiation in human mela 
noma cells. 
0.165. This invention provides an isolated nucleic acid 
molecule encoding a protein produced by a melanoma differ 
entiation associated gene designated mda-9. In an embodi 
ment, the nucleic acid is a cDNA. In another embodiment, the 
nucleic acid is genomic DNA. 
0166 In a separate embodiment, the mda-9 gene is coding 
for a human protein. 
0167. This invention provides an isolated nucleic acid 
molecule of an isolated nucleic acid molecule encoding a 
protein produced by a melanoma differentiation associated 
gene designated mda-9, wherein the protein is a human pro 
tein. 
0.168. This invention provides a nucleic acid molecule of 
at least 15 nucleotides capable of specifically hybridizing 
with a sequence of the nucleic acid molecule of an isolated 
nucleic acid molecule encoding a protein produced by a mela 
noma differentiation associated gene designated mda-9. 
0169. This invention provides a method of detecting the 
expression of mda-9 gene in a cell comprising: a) isolating the 
nucleic acids in the cell; b) hybridizing the isolated nucleic 
acids with the nucleic acid molecules of at least 15 nucle 
otides capable of specifically hybridizing with a sequence of 
the nucleic acid molecule of an isolated nucleic acid molecule 
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encoding a protein produced by a melanoma differentiation 
associated gene designated mda-9 under conditions permit 
ting hybrids formation; and c) detecting hybrids formed, 
detection of hybrids formed indicating the expression of 
mda-9 gene in the cell. 
0170 This invention provides a method for indicating the 
stage of progression of a human melanoma cell comprising 
detecting the expression of mda-9 gene using the method of 
detecting the expression of mda-9 gene in a cell comprising: 
a) isolating the nucleic acids in the cell; b) hybridizing the 
isolated nucleic acids with the nucleic acid molecules of at 
least 15 nucleotides capable of specifically hybridizing with a 
sequence of the nucleic acid molecule of an isolated nucleic 
acid molecule encoding a protein produced by a melanoma 
differentiation associated gene designated mda-9 under con 
ditions permitting hybrids formation; and c) detecting 
hybrids formed, detection of hybrids formed indicating the 
expression of mda-9 gene in the cell, the expression of mda-9 
gene indicating the stage of progression of the human mela 
noma cell. 

0171 This invention provides a method for identifying a 
compound capable of inducing terminal differentiation in 
human melanoma cells comprising: a) incubating appropriate 
concentration of the human melanoma cells with an appro 
priate concentration of the compound; b) detecting the 
expression of mda-9 using the method of detecting the 
expression of mda-9 gene in a cell comprising: a) isolating the 
nucleic acids in the cell; b) hybridizing the isolated nucleic 
acids with the nucleic acid molecules of at least 15 nucle 
otides capable of specifically hybridizing with a sequence of 
the nucleic acid molecule of an isolated nucleic acid molecule 
encoding a protein produced by a melanoma differentiation 
associated gene designated mda-9 under conditions permit 
ting hybrids formation; and c) detecting hybrids formed, 
detection of hybrids formed indicating the expression of 
mda-9 gene in the cell, the expression of mda-9 gene indicat 
ing that the compound is capable of inducing terminal differ 
entiation in human melanoma cells. 

0172. This invention provides a method for identifying a 
compound capable of inducing specific patterns of DNA 
damage caused by UV irradiation and gamma irradiation in 
human melanoma cells comprising: a) inducing appropriate 
concentration of the human melanoma cells with an appro 
priate concentration of the compound; and b) detecting the 
expression of mda-9 using the method of detecting the 
expression of mda-9 gene in a cell comprising: a) isolating the 
nucleic acids in the cell; b) hybridizing the isolated nucleic 
acids with the nucleic acid molecules of at least 15 nucle 
otides capable of specifically hybridizing with a sequence of 
the nucleic acid molecule of an isolated nucleic acid molecule 
encoding a protein produced by a melanoma differentiation 
associated gene designated mda-9 under conditions permit 
ting hybrids formation; and c) detecting hybrids formed, 
detection of hybrids formed indicating the expression of 
mda-9 gene in the cell, the expression of mda-9 gene indicat 
ing that the compound is capable of inducing specific patterns 
of DNA damage caused by UV irradiation and gamma irra 
diation in human melanoma cells. 

0173 The invention also provides a method for identify 
ing the presence of tumor necrosis factor or a similarly acting 
agent comprising detecting the expression of mda-9 gene 
using the above-described method, the expression of mda-9 
gene indicating that the tumor necrosis factor or similar agent 
is present. 
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0.174. The invention further provides a method for moni 
toring the response of a cell to an anticancer agent Such as 
phenylbutyrate or VP-16 comprising detecting the expres 
sion of mda-9 gene using the above-described method, the 
expression of mda-9 gene indicating that the cell responds to 
the anticancer agent. 
0.175. In a separate embodiment, the mda-9 gene is coding 
for a human protein. 
0176 This invention provides a nucleic acid molecule of 
at least 15 nucleotides capable of specifically hybridizing 
with a sequence of the nucleic acid molecule of mda-9. 
0177. This invention provides a method of detecting the 
expression of mda-9 gene in a cell comprising: a) isolating the 
nucleic acids in the cell; b) hybridizing the isolated nucleic 
acid with the nucleic acid capable of specifically hybridizing 
with mda-9 under conditions permitting hybrid formation and 
c) detecting hybrids formed, detection of hybrids formed 
indicating the expression of mda-9 gene in the cell. 
0178. This invention provides a method for distinguishing 
an early stage and more progressed human melanoma cell 
comprising detecting the expression of mda-9 gene indicating 
that the cell is more progressed human melanoma cell. 
0179 This invention provides a method for identifying a 
compound capable of inducing terminal differentiation in 
human melanoma cells comprising: a) incubating human 
melanoma cell with the compound effective of inducing ter 
minal differentiation inhuman melanoma cells; and b) detect 
ing the expression of mda-9 using the above-described 
method, the expression of mda-9 gene indicating that the 
compound is capable of inducing terminal differentiation in 
human melanoma cells. 
0180. This invention provides a method for identifying a 
compound capable of inducing specific patterns of DNA 
damage caused by UV irradiation and gamma irradiation in 
human melanoma cells comprising: a) incubating human 
melanoma cells with the compound effective of inducing 
specific patterns of DNA damage caused by UV irradiation 
and gamma irradiation in human melanoma cells; and b) 
detecting the expression of mda-90 using the above-described 
method, the expression of mda-9 gene indicating that the 
compound is capable of inducing specific patterns of DNA 
damage caused by UV irradiation and gamma irradiation in 
human melanoma cells. 
0181. This invention provides an isolated nucleic acid 
molecule encoding a protein produced by a melanoma differ 
entiation associated gene designated mda-11. In an embodi 
ment, the nucleic acid is a cDNA. In another embodiment, the 
nucleic acid is genomic DNA. 
0182. In a separate embodiment, the mda-11 gene is cod 
ing for a human protein. 
0183 This invention provides an isolated nucleic acid 
molecule encoding a protein produced by a melanoma differ 
entiation associated gene designated mda-14. In an embodi 
ment, the nucleic acid is a cDNA. In another embodiment, the 
nucleic acid is genomic DNA. 
0184. In a separate embodiment, the mda-14 gene is cod 
ing for a human protein. 
0185. This invention provides an isolated nucleic acid 
molecule encoding a protein produced by a melanoma differ 
entiation associated gene designated mda-17. In an embodi 
ment, the nucleic acid is a cDNA. In another embodiment, the 
nucleic acid is genomic DNA. 
0186. In a separate embodiment, the mda-17 gene is cod 
ing for a human protein. 
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0187. This invention provides an isolated nucleic acid 
molecule encoding a protein produced by a melanoma differ 
entiation associated gene designated mda-18. In an embodi 
ment, the nucleic acid is a cDNA. In another embodiment, the 
nucleic acid is genomic DNA. 
0188 In a separate embodiment, the mda-18 gene is cod 
ing for a human protein. 
(0189 In an embodiment, the above-described isolated 
nucleic acid molecule is cDNA. In another embodiment, the 
nucleic acid molecule is from humans. 

0190. This invention also encompasses DNAs and cDNAs 
which encode amino acid sequences which differ from those 
of protein encoded by the melanoma differentiation associ 
ated genes, but which should not produce phenotypic 
changes. Alternatively, this invention also encompasses 
DNAs and cDNAs which hybridize to the DNA and cDNA of 
the subject invention. Hybridization methods are well known 
to those of skill in the art. 

0191 The DNA molecules of the subject invention also 
include DNA molecules coding for polypeptide analogs, 
fragments or derivatives of antigenic polypeptides which dif 
fer from naturally-occurring forms in terms of the identity or 
location of one or more amino acid residues (deletion analogs 
containing less than all of the residues specified for the pro 
tein, Substitution analogs wherein one or more residues speci 
fied are replaced by other residues and addition analogs 
where in one or more amino acid residues is added to a 
terminal or medial portion of the polypeptides) and which 
share some or all properties of naturally-occurring forms. 
These molecules include: the incorporation of codons “pre 
ferred for expression by selected non-mammalian hosts; the 
provision of sites for cleavage by restriction endonuclease 
enzymes; and the provision of additional initial, terminal or 
intermediate DNA sequences that facilitate construction of 
readily expressed vectors. 
0.192 The DNA molecules described and claimed herein 
are useful for the information which they provide concerning 
the amino acid sequence of the polypeptide and as products 
for the large scale synthesis of the polypeptide by a variety of 
recombinant techniques. The molecule is useful for generat 
ing new cloning and expression vectors, transforming and 
transfecting prokaryotic and eukaryotic host cells, and new 
and useful methods for cultured growth of such host cells 
capable of expression of the polypeptide and related products. 
0193 Moreover, the isolated nucleic acid molecules 
encoding a protein coded by the melanoma differentiation 
associated gene are useful for the development of probes to 
study melanoma differentiation. In addition, the isolated 
nucleic acid molecules encoding a protein coded by the mela 
noma differentiation associated gene are useful for screening 
for agents with anticancer activity, agents which can induce 
DNA damage and agents which induce cell growth arrest in 
human melanoma. 

0194 The isolated nucleic acid molecules encoding a pro 
tein coded by the melanoma differentiation associated gene 
are also useful for distinguishing normal from malignant 
central nervous system cells, adenocarcinomas from carcino 
mas, and fibroblasts from epithelial cells. 
0.195. This invention further provides a nucleic acid mol 
ecule of at least 15 nucleotides capable of specifically hybrid 
izing with a sequence of the above-described nucleic acid 
molecule, i.e., the melanoma differentiation associated 
genes. 
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0196. This nucleic acid molecule produced can either be 
DNA or RNA. As used herein, the phrase “specifically 
hybridizing” means the ability of a nucleic acid molecule to 
recognize a nucleic acid sequence complementary to its own 
and to form double-helical segments through hydrogen bond 
ing between complementary base pairs. 
0.197 When a situation arises that requires the nucleic acid 
molecule to be uniquely recognizing a gene, it is well-known 
in the art to select regions in the sequence which will distin 
guish one gene from the other. Simple experiments may be 
designed to find Such unique regions. 
0198 This nucleic acid molecule of at least 15 nucleotides 
capable of specifically hybridizing with a sequence of the 
above-described nucleic acid molecule can be used as a 
probe. Nucleic acid probe technology is well known to those 
skilled in the art who will readily appreciate that such probes 
may vary greatly in length and may be labeled with a detect 
able label, such as a radioisotope or fluorescent dye, to facili 
tate detection of the probe. DNA probe molecules may be 
produced by insertion of a DNA molecule which encodes a 
protein produced by a melanoma differentiation associated 
gene into Suitable vectors, such as plasmids or bacterioph 
ages, followed by transforming into Suitable bacterial host 
cells, replication in the transformed bacterial host cells and 
harvesting of the DNA probes, using methods well known in 
the art. Alternatively, probes may be generated chemically 
from DNA synthesizers. 
0199 RNA probes may be generated by inserting the 
above-described isolated nucleic acid molecule downstream 
of a bacteriophage promoter such as T3, T7 or SP6. Large 
amounts of RNA probe may be produced by incubating the 
labeled nucleotides with the linearized fragment containing 
the above-described molecule where it contains an upstream 
promoter in the presence of the appropriate RNA polymerase. 
0200. This invention also provides a method of detecting 
expression of a melanoma differentiation associated gene in a 
cell which comprises obtaining total cellular RNA or mRNA 
from the cell, contacting the total cellular RNA or mRNA so 
obtained with a labelled nucleic acid molecule of at least 15 
nucleotides capable of specifically hybridizing with a 
sequence of the above-described nucleic acid molecule under 
hybridizing conditions, determining the presence of total cel 
lular RNA or mRNA hybridized to the molecule, and thereby 
detecting the expression of the melanoma differentiation 
associated gene in the cell. 
0201 The nucleic acid molecules synthesized above may 
be used to detect expression of melanoma differentiation 
associated genes by detecting the presence of the correspon 
dent RNA or mRNA. Total cellular RNA or mRNA from the 
cell may be isolated by many procedures well known to a 
person of ordinary skill in the art. The hybridizing conditions 
of the labelled nucleic acid molecules may be determined by 
routine experimentation well known in the art. The presence 
of total cellular RNA or mRNA hybridized to the probe may 
be determined by gel electrophoresis or other methods known 
in the art. By measuring the amount of the hybrid made, the 
expression of the melanoma differentiation associated genes 
by the cell can be determined. The labelling may be radioac 
tive. For an example, one or more radioactive nucleotides can 
be incorporated in the nucleic acid when it is made. 
0202. In one embodiment of this invention, nucleic acids 
are extracted from lysed cells and the mRNA is isolated from 
the extract using an oligo-dT column which binds the poly-A 
tails of the mRNA molecules. The mRNA is then exposed to 
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radioactively labelled probe on a nitrocellulose membrane, 
and the probe hybridizes to and thereby labels complemen 
tary mRNA sequences. Binding may be detected by lumines 
cence autoradiography or Scintillation counting. However, 
other methods for performing these steps are well known to 
those skilled in the art, and the discussion above is merely an 
example. 
0203 This invention also provides a method of detecting 
expression of a melanoma differentiation associated gene in 
tissue sections which comprises contacting the tissue sections 
with a labelled nucleic acid molecule of at least 15 nucle 
otides capable of specifically hybridizing with a sequence of 
the above-described nucleic acid molecule under hybridizing 
conditions, determining the presence of mRNA hybridized to 
the molecule, and thereby detecting the expression of the 
melanoma differentiation associated gene in tissue sections. 
0204. This invention also provides the above-describe 
nucleic acid molecules operatively linked to a promoter of 
RNA transcription. 
0205 This invention provides vectors which comprise the 
above-described isolated nucleic acid molecules. In an 
embodiment, the vector is a plasmid. 
0206 Various vectors including plasmid vectors, cosmid 
vectors, bacteriophage vectors and other viruses are well 
known to ordinary skilled practitioners. This invention fur 
ther provides a vector which comprises the isolated nucleic 
acid molecule encoding a protein produced by a melanoma 
differentiation gene. 
0207 As an example to obtain these vectors, insert and 
vector DNA can both be exposed to a restriction enzyme to 
create complementary ends on both molecules which base 
pair with each other and are then ligated together with DNA 
ligase. Alternatively, linkers can be ligated to the insert DNA 
which correspond to a restriction site in the vector DNA, 
which is then digested with the restriction enzyme which cuts 
at that site. Other means are also available and known to an 
ordinary skilled practitioner. 
0208. In an embodiment, the nucleic acid molecule is 
cloned in the XhoI/EcoRI site of p3lueScript. Plasmids, mda 
1, mda-4, mda-5, mda-6, mda-7, mda-8, mda-9, mda-11, 
mda-14, mda-17, and mda-18 were deposited on Oct. 26, 
1993 with the American Type Culture Collection (ATCC), 
12301 Parklawn Drive, Rockville, Md. 20852, U.S.A. under 
the provisions of the Budapest Treaty for the International 
Recognition of the Deposit of Microorganism for the Pur 
poses of Patent Procedure. Plasmids, mda-1, mda-4, mda-5, 
mda-6, mda-7, mda-8, mda-9, mda-11, mda-14, mda-17, and 
mda-18 were accorded ATCC Accession Numbers 75582, 
75583, 75584,75585, 75586, 75587, 75588, 75589, 75590, 
75591 and 75592 respectively. 
0209. In another embodiment, a 3' fragment of the mda-6 
gene is cloned in the EcoRI and Xbal site of the pEBluescript 
plasmid and designed as mda-6.3'. The mda-6.3' was depos 
ited on Sep. 30, 1994 with the American Type Culture Col 
lection (ATCC), 12301 Parklawn Drive, Rockville, Md. 
20852, U.S.A. under the provisions of the Budapest Treaty for 
the International Recognition of the Deposit of Microorgan 
ism for the Purposes of Patent Procedure. Plasmid, mda-6.3° 
was accorded ATCC Accession Numbers 
0210. In another embodiment, a 5' fragment of the mda-6 
gene is cloned in the salI site of the pSP64 plasmid and 
designed as mda-6.5". The mda-6.5" was deposited on Sep. 30. 
1994 with the American Type Culture Collection (ATCC), 
12301 Parklawn Drive, Rockville, Md. 20852, U.S.A. under 
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the provisions of the Budapest Treaty for the International 
Recognition of the Deposit of Microorganism for the Pur 
poses of Patent Procedure. Plasmid, mda-6.5" was accorded 
ATCC Accession Number 
0211 Plasmids mda-6.3' and mda-6.5' constitute the full 
length of the mda-6 gene. An ordinary skilled artisan can 
easily obtain the inserts from the plasmids and ligate the 
inserts to obtain the full-length gene. 
0212. In another embodiment, a 3' fragment of the mda-7 
gene is cloned in the EcoRI and Xbal site of the pEBluescript 
plasmid and designed as mda-7.3". The mda-7.3' was depos 
ited on Sep. 30, 1994 with the American Type Culture Col 
lection (ATCC), 12301 Parklawn Drive, Rockville, Md. 
20852, U.S.A. under the provisions of the Budapest Treaty for 
the International Recognition of the Deposit of Microorgan 
ism for the Purposes of Patent Procedure. Plasmid, mda-7.3' 
was accorded ATCC Accession Number 
0213. In another embodiment, a 5' fragment of the mda-7 
gene is cloned in the salI site of the pSP64 plasmid and 
designed as mda-7.5". The mda-7.5' was deposited on Sep. 30. 
1994 with the American Type Culture Collection (ATCC), 
12301 Parklawn Drive, Rockville, Md. 20852, U.S.A. under 
the provisions of the Budapest Treaty for the International 
Recognition of the Deposit of Microorganism for the Pur 
poses of Patent Procedure. Plasmid, mda-7.5" was accorded 
ATCC Accession Numbers 
0214. Plasmids mda-7.3' and mda-7.5' constitute the full 
length of the mda-7 gene. An ordinary skilled artisan can 
easily obtain the inserts from the plasmids and ligate the 
inserts to obtain the full-length gene. 
0215. This invention provides a host vector system for the 
production of a polypeptide having the biological activity of 
a protein encoded by melanoma differentiation associated 
gene which comprises the above-described vector and a Suit 
able host. These vectors may be transformed into a suitable 
host cell to form a host cell vector system for the production 
of a protein produced by the melanoma differentiation asso 
ciated genes. 
0216 Regulatory elements required for expression 
include promoter sequences to bind RNA polymerase and 
transcription initiation sequences for ribosome binding. For 
example, a bacterial expression vector includes a promoter 
Such as the lac promoter and for transcription initiation the 
Shine-Delgarno sequence and the start codon AUG. Simi 
larly, a eukaryotic expression vector includes a heterologous 
or homologous promoter for RNA polymerase II, a down 
stream polyadenylation signal, the start codon AUG, and a 
termination codon for detachment of the ribosome. Such 
vectors may be obtained commercially or assembled from the 
sequences described by methods well known in the art, for 
example the methods described above for constructing vec 
tors in general. Expression vectors are useful to produce cells 
that express the protein produced by the melanoma differen 
tiation associated genes. 
0217. This invention further provides an isolated DNA or 
cDNA molecule described hereinabove wherein the host cell 
is selected from the group consisting of bacterial cells (such 
as E. coli), yeast cells, fungal cells, insect cells and animal 
cells. Suitable animal cells include, but are not limited to Vero 
cells, HeLa cells, Cos cells, CV1 cells and various primary 
mammalian cells. 

0218. As stated above and in the text which follows, this 
invention provides gene(s) which express when a cell 
becomes terminally differentiated and irreversibly growth 
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arrested, treated with a DNA damaging agent and/or exposed 
to an anticancer agent. Therefore, this invention is useful for 
inducing a target cell to a terminally differentiated Stage. Such 
a target cell may be a cancerous cell Such as a melanoma cell 
or a glioblastoma multiforme cell. The gene which expresses 
when a cell becomes terminally differentiated may be intro 
duced into the target cell via retroviral technology or other 
technologies known in the art. The gene may be controlled by 
its own promoter or other heterologous promoters. Expres 
sion of this gene will then result in terminal differentiation 
and an irreversible loss of proliferative capacity in the can 
cerous cell. 
0219. This invention has also provided nucleic acid mol 
ecules which will suppress the terminal differentiation of a 
cell. Such molecules are useful for preventing terminal dif 
ferentiation by Switching off a target gene in a cell which has 
been treated with differentiation inducing agents, anticancer 
agents or DNA damaging agents. The target gene may be 
Switched off via antisense technology. After the gene has been 
Switched off, normal cells, such as bone marrow stem cells, 
can be prevented from becoming terminally differentiated 
and irreversibly growth arrested when treated with differen 
tiation inducing agents, anticancer agents or DNA damaging 
agents. 
0220 Antisense technology is well known in the art. 
Essentially, a segment of the melanoma differentiation asso 
ciated gene will be selected to be the antisense sequence. The 
expression of the antisense sequence will switch off the 
expression of the gene. The antisense sequence may be intro 
duced into the cell via technologies which are well known in 
the art, Such as electroporation transduction, retroviral inser 
tion or liposome-mediated gene transfer. 
0221) This invention also provides a method of producing 
a polypeptide having the biological activity of a protein 
encoded by melanoma differentiation associated gene which 
comprises growing the host cells of the above-described host 
vector system under Suitable conditions permitting produc 
tion of the polypeptide and recovering the polypeptide so 
produced. 
0222. This invention provides a mammalian cell compris 
ing a DNA molecule encoding a protein produced by a mela 
noma differentiation associated gene. Such as a mammalian 
cell comprising a plasmid adapted for expression in a mam 
malian cell, which comprises a DNA molecule encoding a 
protein produced by the melanoma differentiation associated 
gene and the regulatory elements necessary for expression of 
the DNA in the mammalian cell so located relative to the 
DNA encoding a protein produced by a melanoma differen 
tiation gene as to permit expression thereof. 
0223) Numerous mammalian cells may be used as hosts, 
including, but not limited to, the mouse fibroblast cell 
NIH3T3, CREF cells, CHO cells, HeLa cells, Ltk cells, Cos 
cells, etc. Expression plasmids such as that described Supra 
may be used to transfect mammalian cells by methods well 
known in the art such as calcium phosphate precipitation, 
electroporation or the plasmid may be otherwise introduced 
into mammalian cells, e.g., by microinjection, to obtain mam 
malian cells which comprise DNA, e.g., cDNA or a plasmid, 
encoding a protein produced by a melanoma differentiation 
associated gene. 
0224. Also provided by this invention is a purified protein 
encoded by the above-described isolated nucleic acid mol 
ecule. As used herein, the term “purified protein' shall mean 
isolated naturally-occurring protein encoded by a melanoma 
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differentiation associated gene (purified from nature or 
manufactured such that the primary, secondary and tertiary 
conformation, and posttranslational modifications are identi 
cal to naturally-occurring material) as well as non-naturally 
occurring polypeptides having a primary structural confor 
mation (i.e. continuous sequence of amino acid residues). 
Such polypeptides include derivatives and analogs. 
0225. This invention also provides a method to produce 
antibody using the above purified protein. In an embodiment, 
the antibody is monoclonal. In another embodiment, the anti 
body is polyclonal. 
0226. This invention further provides antibodies capable 
of binding to the purified protein produced by the melanoma 
differentiation associated genes. 
0227. With the protein sequence information which can 
either be derived from the above described nucleic molecule 
or by direct protein sequencing of the above described puri 
fied protein, antigenic areas may be identified and antibodies 
directed against these areas may be generated and targeted to 
the cancer for imaging the cancer or therapies. 
0228. This invention provides a method to select specific 
regions on the protein produced by a melanoma differentia 
tion associated gene to generate antibodies. Amino acid 
sequences may be analyzed by methods well known to those 
skilled in the art to determine whether they produce hydro 
phobic or hydrophilic regions in the proteins which they 
build. In the case of cell membrane proteins, hydrophobic 
regions are well known to form the part of the protein that is 
inserted into the lipid bilayer of the cell membrane, while 
hydrophilic regions are located on the cell Surface, in an 
aqueous environment. Usually, the hydrophilic regions will 
be more immunogenic than the hydrophobic regions. There 
fore the hydrophilic amino acid sequences may be selected 
and used to generate antibodies specific to protein produced 
by the melanoma differentiation genes. The selected peptides 
may be prepared using commercially available machines. As 
an alternative, DNA, such as a cDNA or a fragment thereof, 
may be cloned and expressed and the resulting polypeptide 
recovered and used as an immunogen. 
0229 Polyclonal antibodies against these peptides may be 
produced by immunizing animals using the selected peptides. 
Monoclonal antibodies are prepared using hybridoma tech 
nology by fusing antibody producing B cells from immunized 
animals with myeloma cells and selecting the resulting hybri 
doma cell line producing the desired antibody. Alternatively, 
monoclonal antibodies may be produced by in vitro tech 
niques known to a person of ordinary skill in the art. These 
antibodies are useful to detect the expression of protein pro 
duced by the melanoma differentiation associated genes in 
living animals, in humans, or in biological tissues or fluids 
isolated from animals or humans. 
0230. This invention will be better understood from the 
Experimental Details which follow. However, one skilled in 
the art will readily appreciate that the specific methods and 
results discussed are merely illustrative of the invention as 
described more fully in the claims which follow thereafter. 
0231 Experimental Details 
0232 First Series of Experiments 
0233. Materials and Methods 
0234 Cell Line, Growth Conditions, and Preparation of 
Conditioned Medium 

0235. The HO-1 cell line is a melanotic melanoma derived 
from a 49-year-old female and was used between passage 100 
and 125 (6,8,13). H0-1 cells were kindly provided by Dr. 
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Beppino C. Giovanella, Stehlin Foundation for Cancer 
Research, Houston, Tex. Cultures were grown at 37°C. in a 
95% air 5% CO-humidified incubator in Dulbecco's modi 
fied Eagle's medium (DMEM) supplemented with 10% fetal 
bovine serum (DMEM-10) (Hyclone, Logan, Utah). H0-1 
cells were maintained in the logarithmic stage of growth by 
subculturing (1:5 or 1:10) prior to confluency approximately 
every 4 to 5 days. The effect of IFN-B (2000 units/ml), IFN-y 
(2000 units/ml), IFN-B+IFN-Y (1000 units/ml of each inter 
feron), MPA (3.0 uM), RA (2.5uM), MEZ (10 ng/ml), IFN 
|B+MEZ (2000 units/ml+10 ng/ml), MPA+MEZ (3.0 uM+10 
ng/ml, and RA+MEZ (2.5 LM-10 ng/ml) on growth was 
determined after 4 days of treatment, as described previously 
(6,8,9). Terminal cell differentiation, with a concomitant loss 
of proliferative capacity, was assayed by treating cells with 
the various agents for either 4 or 7 days, washing cultures two 
times with serum-free DMEM, followed by incubation in 
DMEM-10 in the absence of inducer(s) for an additional 14 
days. Total cell numbers were determined after days 4, 7, 14, 
and 21, using a Z Coulter Counter, and viable cell numbers 
were determined by trypan blue dye exclusion (6). Terminal 
cell differentiation was indicated if no proliferation occurred, 
but cells remained viable, after growth for 14 days, with 
medium changes every 3 or 4 days, in the absence of the 
inducer(s). Increases in cell number (two or more population 
doublings) after removal of the inducing agent(s) was con 
sidered reversible growth suppression. Conditioned medium 
was prepared from H0-1 cells treated with a high dose of 
MEZ (50 ng/ml), IFN-?3+MEZ (2000 U/ml+10 ng/ml), 
MPA+MEZ (3.0 uM+10 ng/ml), or RA+MEZ (2.5u+10 
ng/ml) for 24 hours followed by three washes in DMEM 
without FBS and growth for 72 hours in inducer-free medium 
(DMEM-10). Conditioned medium was collected from 
treated cultures, contaminating cells were removed by cen 
trifugation at 1000 rpm/10 min., and conditioned medium 
was stored at 4°C. until assayed for gene modulatory activity. 
Control conditioned medium was obtained as experimental 
conditioned medium from cells receiving only a medium 
change 24 hours after plating in the absence of test compound 
(s) and growth for 72 hours in DMEM-10. 
0236 RNA. Isolation and Northern Hybridization Analy 
S1S 

0237 Steady-state levels of specific mRNAs were deter 
mined by Northern blotting analysis of total RNA probed 
with appropriate P-labeled gene probes as described previ 
ously (14-16). RNAs were analyzed from cells treated with 
inducer for 24 hours, treated for 24 hours with inducer fol 
lowed by growth for 72 hours in the absence of inducer, or 
treated continuously for 96 hours with the inducer. The con 
centration of inducing compounds used were the same as 
those used for growth studies. The effect of conditioned 
medium on gene expression changes was determined by treat 
ing H0-1 cells for 24 hours with a 1:2 dilution of conditioned 
medium (equal volumes of conditioned medium and DMEM 
supplemented with 10% fetal bovine serum (DMEM-10) or 
for 96 hours with a 1:4 dilution of conditioned medium (1 Vol. 
of conditioned medium to 3 Vol. of DMEM-10). The probes 
used in the present study were specific for B-actin (17), Y-actin 
(17), c-jun (18), c-myc (19), fibronectin (20), gro/MGSA 
(21), HLA Class I antigen (22), HLA Class II antigen (HLA 
DR) (22), Cls integrin (23), B integrin (24), ISG-15 (25), 
ISG-54 (25), jun-B (26), and tenascin (27). Northern blots 
were also probed with a P-labeled GAPDH gene (15) to 
verify similar mRNA expression under the various experi 
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mental conditions. Following hybridization, the filters were 
washed and exposed for autoradiography. 
0238 Reagents 
0239 Recombinant human IFN-B, with a serine substi 
tuted for a cysteine at position 17 of the molecule (28), was 
kindly provided by Triton Bioscience (Alameda, Calif.). 
IFN-B was obtained as a lyophilized powder with a concen 
tration of 4.5x107 U/ml. Recombinant human immune inter 
feron (IFN-Y) was produced and purified to homogeneity as 
described previously (29). IFN-Y was kindly provided by Dr. 
Sidney Pestka, UMDNJ-Robert Wood Johnson Medical 
School, Piscataway, N.J. The interferon titers were deter 
mined using a cytopathic effect inhibition assay with vesicu 
lar stomatitis virus on a bovine kidney cell line (MDBK) or 
human fibroblast AG-1732 cells (30). Concentrated stocks of 
IFN-Band IFN-y were diluted to 1x10 U/ml in DMEM-10, 
frozen at -80° C., thawed immediately prior to use, and 
diluted to the appropriate concentration in DMEM-10. MEZ. 
RA, and MPA were obtained from Sigma Scientific Co. (St. 
Louis, Mo.). Stock solutions were prepared in dimethyl sul 
foxide (DMSO), aliquoted into small portions, and stored at 
-20°C. The final concentration of DMSO used in solvent 
controls was 0.01. This concentration of DMSO did not alter 
growth, melanin synthesis, tyrosinase activity, or antigen 
expression in HO-1 cells. 
0240 Experimental Results 
0241 Induction of Reversible and Irreversible Growth 
Suppression (Terminal Cell Differentiation) in H0-1 Cells 
0242. The effect of RA, MPA, MEZ. IFN-B and IFN-y, 
used alone or in various combinations, on growth (reversible 
and irreversible growth Suppression), melanin synthesis, 
tyrosinase activity, and cellular morphology of H0-1 cells is 
summarized in Table 1. The most effective agents in inhibit 
ing H0-1 growth were the combinations of IFN-B+MEZ and 
IFN-B+IFN-y (FIG. 1). The relative order of antiproliferative 
activity of the remaining compounds was MPA-MPA+ 
MEZZIFN-y>MEZ-RA+MEZ. In the case of RA, no inhibi 
tion of growth occurred. Treatment of H0-1 cells with IFN 
B+MEZ for 96 hours resulted in an irreversible loss of 
proliferative capacity, that is, terminal cell differentiation. 
This was indicated by the failure of treated cells to resume 
growth, even though they remained viable, after removal of 
the test agents. In contrast, all of the other compounds 
resulted in a reversible inhibition of growth (data not shown). 
These findings indicate a dissociation between growth Sup 
pression and terminal cell differentiation in H0-1 cells. 
0243 Treatment of HO-1 cells with MPA, MEZ, 
RA+MEZ, MPA+MEZ, or IFN-B+MEZ resulted in distinc 
tive morphologic changes that were characterized by den 
drite-like processes (data not shown) (6.8.10). RA, MPA, 
MEZ, IFN-?3, and IFN-B+MEZ have been shown previously 
to enhance melanin synthesis, a marker of melanoma differ 
entiation, in H0-1 cells (6,8,12). In contrast, IFN-y, alone or in 
combination with IFN-B, did not induce morphologic 
changes or increase melanin levels above 

TABLE 1. 

Experimental Morphology Melanin Tyrosinase 
Conditions changes Synthesis activity 

RA (2.5 M) 1+ 2+ 
MPA (3.0 LM) -- 2+ 3+ 
MEZ -- 1+ NT 
(10 ng/ml) 

15 
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TABLE 1-continued 

FN-B 
(2000 U/ml) 
FN-y 
(2000 U/ml) 
RA - MEZ 
(2.5 M + 
Ong/ml) 

1+ NT 

NT 

NT NT 

NT NT 

Ong/ml) 
FN-B+ IFN-y 
(1000 U/ml + 
000 U/ml) 
FN-B + MEZ 
(2000 U/ml + 
Ong/ml) 

1+ NT 

4+ NT 

Growth 
Suppression 
(reversible) 

Terminal cell 
differentiation? 

Experimental 
conditions 

RA (2.5 M) 
MPA (3.0 LM) 
MEZ 
(10 ng/ml) 
FN-B 
(2000 U/ml) 
FN-y 
(2000 U/ml) 
RA - MEZ 
(2.5 M + 
Ong/ml) 

3+ 
1+ 

3+ 

2+ 

1+ 

3+ 
(3.0 M + 
Ong/ml) 
FN-B+ IFN-y 
(1000 U/ml + 
000 U/ml) 
FN-B + MEZ 
(2000 U/ml + 
Ong/ml) 

4-3 

HO-1 cells were grown for 96 hr or for 6 or 7 days (with medium changes 
after 3 or 4 days) in the presence of the agents indicated. For morphology, 
cells grown for 96 hr in the test agent were observed microscopically. For 
melanin synthesis, results are for 6-dassays for RA and MPA (11) or 7-d 
assays for MEZ, IFN-B, IFN-y, IFN-B+ IFN-Y and IFN-B + MEZ (6,12). 
For tyrosinase assays, results are for 6-dassays 
Growthsuppression (reversible and terminal cell 

or RA, MPA and MEZ (10). 
differentiation) assays, refer 

to cultures treated with the indicated compound(s) for 96 hr prior to cell 
number determination, or treated for 96 hr and 
medium changes every 4 days) in the absence o 

hen grown for 2 weeks (with 
compound prior to cell 

number determination. 
Morphology changes refer to the development of dendrite-like processes 96 
hr after growth in the indicated compound. + = presence of dendrite-like 
processes; - = no dendrite-like processes. 
Melanin assays were determined as described in refs. 6, 8, 11, 12. Results 
are expressed as relative increases based on separate data presented in refs. 
6, 8, 11, 12. N.T. = not tested. 
Tyrosinase assays were performed as described in ref. 11. Relative 
increases (of a similar magnitude) were found for RA, MPA and MEZ after 
6 days exposure to these agents (11). N.T. = not tested. 
Reversible growth suppression indicates resumption of cell growth after 
treatment with the indicated compound(s) for 96 hr, removal of the test agent 
and growth for 14 days in compound(s) free medium. Further details can be 
found in materials and methods. The degree of initial 96 hr growth suppres 
Sion is indicated as: - = no significant change in growth (<10% reduction in 
growth in comparison with untreated control cultures); 1 + = ~30% reduction 
ingrowth in comparison with untreated control cultures; 2+ = ~40% reduc 
tion in growth in comparison with untreated control cultures: 3+ = ~50 to 
60% reduction in growth in comparison with untreated control cultures; 4+ = 
80% reduction in growth in comparison with untreated control cultures. 

The combination of IFN-B + MEZ results in irreversible growth suppres 
Sion. 
8The combination of 
sion 

FN-B + MEZ results in irreversible growth suppres 
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that induced by IFN-B alone (10.12). With the exception of 
IFN-B+MEZ. morphologic and melanin changes were revers 
ible following removal of the test agent(s) (data not shown). 
These data indicate that specific cellular and biochemical 
changes induced in H0-1 cells, such as reversible growth 
Suppression, melanin synthesis, and morphologic changes, 
can occur with or without the induction of terminal cell dif 
ferentiation. However, an irreversible loss of proliferative 
capacity with the retention of cell viability is a property 
unique to the terminal cell differentiation phenotype. 
0244 Changes in the Expression of Early Growth 
Response and Interferon-Responsive Genes During Revers 
ible and Irreversible Growth Suppression (Terminal Cell Dif 
ferentiation) in H0-1 Cells 
0245. Initial studies were conducted to determine the 
effect of the various differentiation and growth modulating 
agents on the 96-hour expression of the early response genes 
c-fos, c-jun, jun-B, jun-D, and c-myc (FIG. 2). None of the 
experimental treatments resulted in altered c-fos expression 
and no hybridization was obtained with RNA isolated from 
control or treated cells probed with jun-D (data not shown). 
Increases were observed, however, in both c-jun and jun-B 
expression in H0-1 cells treated for 96 hours with all of the 
test agents, with the exception of IFN-?3 and RA (see FIG. 2). 
The magnitude of the increase was similar in HO-1 cells 
treated with IFN-y, MEZ, or MPA and was greatest for HO-1 
cells treated with IFN-y+MEZ, MPA+MEZ, or RA+MEZ 
(see FIG. 2). Unlike c-jun and jun-B expression c-myc 
expression was downregulated in H0-1 cells grown for 96 
hours in MEZ, MPA, IFN-B+MEZ, MPA+MEZ, and 
RA+MEZ (FIG. 2). The magnitude of suppression was 
greater in H0-1 cells treated with IFN-B+MEZ, MPA+MEZ. 
and RA+MEZ. In contrast, treatment of H0-1 cells with IFN 
Y, alone or in combination with IFN-?, resulted in increased 
c-myc expression. 
0246 To determine the temporal relationship between 
treatment with IFN-?3+MEZ, MPA+MEZ, and RA+MEZ and 
changes in c-jun, jun-B, and c-myc levels, HO-1 cells were 
treated with the inducers for 24h and total cytoplasmic RNA 
was isolated and analyzed by Northern blotting (FIG. 3). 
Because many of the effects observed when MEZ is com 
bined with IFN-B, MPA, or RA are observed to a lesser extent 
in cells treated with 10 mg/ml of MEZ alone, RNA was also 
isolated from H0-1 cell treated for 24 h with a high dose of 
MEZ (50 ng/ml) (FIG. 3). Under these experimental condi 
tions, c-jun and jun-B expression were induced under all 
experimental conditions and c-myc expression was only mar 
ginally reduced in cultures treated with IFN-B+MEZ, MPA+ 
MEZ, and RA+MEZ. Twenty-four-hour exposure to IFN-B+ 
MEZ resulted in the largest induction in c-jun and jun-B 
expression. 
0247 To determine if the gene expression changes 
induced during the induction of reversible and irreversible 
growth suppression/differentiation persist in HO-1 cells 
treated with specific inducers, cultures were grown for 24h in 
the presence of inducer and then incubated for an additional 
72 h in inducer-free medium prior to isolating total cellular 
RNA (FIG. 3). Under these experimental conditions, c-jun 
and jun-B expression were induced to the greatest extent in 
IFN-B+MEZ-treated cultures. Smaller increases in c-jun and 
jun-B expression were apparent in high-dose MEZ-, MPA+ 
MEZ-, and RA+MEZ-treated HO-1 cells. In the case of 
c-myc, expression was dramatically reduced in IFN-B+MEZ 
treated cultures and reduced to a lesser extent in MPA+MEZ 
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and RA+MEZ-treated cultures. These results suggest that the 
hierarchy for inducing c-jun, jun-B, and c-myc gene expres 
sion changes in HO-1 cells is IFN-B+MEZZMPA+ 
MEZZRA+MEZ. As will be discussed, this same pattern of 
potency in inducing gene expression changes in HO-1 cells is 
also observed with a number of additional genes. 
0248 Treatment of HO-1 cells for 96 h with the combina 
tion of IFN-?3+MEZ, MPA+MEZ, or RA+MEZ resulted in 
the enhanced expression of the cytokine-responsive genes 
HLA Class I antigen and gro/MGSA (FIG. 2). In contrast, 
treatment with IFN-B, MEZ, MPA, or RA alone did not sig 
nificantly alter HLA Class I antigen gene expression or 
induce gro/MGSA gene expression. Treatment of HO-1 cells 
for 96 h with IFN-Y, alone or in combination with IFN-B, also 
enhanced HLA Class I antigen expression in HO-1 cells, 
whereas it did not induce gro/MGSA expression (FIG. 2). In 
contrast, although a 96-h exposure of HO-1 cells to IFN-Y, 
alone and in combination with IFN-B, enhanced expression of 
the HLA Class II antigen gene (HLA-DR), expression of this 
gene was not significantly enhanced by treatment with IFN 
|B+MEZ, MPA+MEZ, or RA+MEZ (FIG. 2). These observa 
tions indicate possible autocrine loops involving both a type I 
interferon (leukocyte interferon IFN-O.) and IFN-B as 
opposed to a type II interferon (IFN-Y) and gro/MGSA in the 
induction of gene expression changes occurring during both 
reversible (MPA+MEZ and RA+MEZ) and terminal cell dif 
ferentiation (IFN-B+MEZ). 
0249. To determine if an interferon or an interferon-like 
molecule might be associated with the induction of reversible 
or irreversible differentiation or both in HO-1 cells, the effect 
of the various differentiation-inducing and growth-Suppress 
ing agents on expression of the interferon-responsive genes, 
ISG-15 and ISG-54 (25, 31, 32) were determined. As can be 
seen in FIG. 2, treatment of HO-1 cells for 96 h with the 
combination of IFN-B+MEZ, MPA+MEZ, or RA+MEZ 
resulted in the induction in ISG-15 and ISG-54 gene expres 
S1O. 

0250) Further support for a type I interferon and a gro/ 
MGSA autocrine loop in the reversible commitment to dif 
ferentiation (MPA+MEZ) and terminal cell differentiation 
(IFN-B+MEZ) processes in HO-1 cells was indicated by 
analysis of gene expression changes occurring in cultures 
treated with inducers for 24 h or in cultures treated with 
inducers for 24h followed by growth in the absence of induc 
ers for 72 h (FIG. 3). Growth of HO-1 cells for 24 h in the 
presence of IFN-B+MEZ resulted in the induction or 
enhanced expression of the gro/MGSA, HLA Class I antigen, 
and ISG-15 gene. Similarly, a 24-h treatment with MPA+ 
MEZ induced expression of gro/MGSA to a similar extent as 
IFN-B+MEZ, whereas the effects on HLA Class I antigen and 
ISG-15 expression were more modest. In contrast, a 24-h 
treatment with RA+MEZ or a high dose of MEZ did not 
induce gro/MGSA or ISG-15 expression, but these treatments 
did induce a modest increase in HLA Class I antigen expres 
sion (FIG. 3). Treatment of HO-1 cells for 24 h with inducer 
(IFN-B+MEZ, MPA+MEZ, RA+MEZ or a high dose of 
MEZ) followed by growth for 72 hours in the absence of 
inducer resulted in the following changes in HO-1 gene 
expression: (1) gro/MGSA was induced only by IFN-B+MEZ 
treatment; (2) enhanced HLA Class I antigen expression was 
induced by all of the treatments with the following potencies, 
IFN-B+MEZZMPA+MEZ2high dose MEZZRA+MEZ; and 
(3) ISG-15 was induced to a similar extent by IFN-B+MEZ 
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and MPA+MEZ, whereas RA+MEZ and high-dose MEZ did 
not induce ISG-15 expression. 
0251 Changes in the Expression of Extracellular and 
Extracellular Matrix Receptor Genes During Reversible and 
Irreversible Growth Suppression (Terminal Cell Differentia 
tion) in H0-1 Cell. 
0252 Terminal differentiation in HO-1 cells induced by 
IFN-B+MEZ is associated with morphologic changes result 
ing in the formation of dendrite-like processes and specific 
biochemical changes, that is, enhanced tyrosinase activity 
and melanin synthesis (6). Similar morphologic and bio 
chemical changes are induced in HO-1 cells by MEZ (6,8) 
and MPA (11). Studies were conducted to determine the 
possible relationship between these morphologic and bio 
chemical changes and the expression of genes encoding 
extracellular matrix molecules (fibronectin and tenascin), 
receptors for extracellular matrix proteins (Cs integrin andf 
integrin), and cytoskeleton proteins (B-actin and Y-actin). 
When treated for 96 h, fibronectin expression was increased 
under all treatment protocols, with IFN-B and RA being the 
least effective agents in inducing enhanced fibronectin 
mRNA in HO-1 cells (i.e. signals were only detected after 
long exposures of Northern blots) (FIG. 4 and data not 
shown). The most effective single agents resulting in 
enhanced fibronectin expression were IFN-Y and MPA, 
whereas MEZ was less potent in inducing enhanced fibronec 
tin expression (FIG. 4). Large increases in fibronectin expres 
sion were also observed in HO-1 cells grown for 96 h in the 
combination of IFN-?3+IFN-y, IFN-B+MEZ, MPA+MEZ, 
and RA+MEZ. IFN-B+MEZ was more effective than MPA+ 
MEZ, RA+MEZ, or a high dose of MEZ in inducing 
enhanced fibronectin expression after 24-h treatment (FIG. 
5). IFN-B+MEZ also enhanced fibronectin expression to a 
greater extent than MPA+MEZ, RA+MEZ, and a high dose of 
MEZafter removing this combination of inducers and growth 
for 72 h in medium devoid of the inducing agents (FIG. 5). 
0253 Expression of the tenascin gene in HO-1 cells 
treated with the various differentiation-inducing and growth 
Suppressing agents was more complex than fibronectin 
(FIGS.4 and5). Growth of HO-1 cells for 96hin the presence 
of IFN-B, MEZ, RA. IFN-B+MEZ, or RA+MEZ resulted in 
decreased tenascin expression whereas IFN-Y, MPA, and 
IFN-B+IFN-O. resulted in enhanced tenascin expression (FIG. 
4). Ninety-six-hour treatment with IFN-Y, alone or in combi 
nation with IFN-B, resulted in the greatest increase intenascin 
expression. In contrast, after a 24-h treatment, tenascin 
expression was not significantly altered by a high dose of 
MEZ or RA+MEZ, whereas a small increase in tenascin 
expression was found in IFN-?3+MEZ- and MPA+MEZ 
treated cultures (FIG. 5). When cultures were treated for 24h 
with inducer and then grown for 72 h in the absence of 
inducer, decreased expression of tenascin was observed in 
high-dose MEZ- and RA+MEZ-treated cultures, whereas 
only small reductions intenascin expression were apparent in 
MPA+MEZ- or IFN-B+MEZ-treated HO-1 cells (FIG. 5). 
0254 Changes were also observed in the expression of 
matrix receptor genes for extracellular matrix proteins, Cis-in 
tegrin, f-integrin in H0-1 cells grown for (1) 24 h in the 
presence of the inducer(s), (2) 24h in inducer(s) followed by 
72 h in the absence of inducer(s), or (3) continuously in 
inducer(s) for 96 h (FIGS. 4 and 5). Increases were observed 
in Cls integrin expression in H0-1 cells treated for 96 h with 
IFN-B+IFN-y, IFN-B+MEZ, MPA+MEZ and, to a lesser 
extent, with RA+MEZ (FIG. 4). Increased C.s integrin expres 
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sion was also apparent in H0-1 cells treated continuously for 
24 hrs or treated for 24 hrs followed by 72 hr growth in the 
absence of inducer(s) to a high dose of MEZ, MPA+MEZ. 
RA+MEZ, or IFN-B+MEZ. In contrast, C.s integrin expressed 
was reduced in cultures treated with RA for 96 h. In the case 
of the f integrin, upregulation after 96-h treatment was 
apparent in cells treated with IFN-y, IFN-?3+MEZ, MPA+ 
MEZ, and RA+MEZ (FIG. 4). The most effective inducer of 
both Cs and B integrin expression in HO-1 cells was IFN-B+ 
MEZ (FIGS. 4 and 5). The level of upregulation was greater 
for Cs integrin than the B integrin (FIGS. 4 and 5). 
0255. The effect of the various growth-suppressing and 
differentiation-modulating compounds on expression of 
cytoskeletal genes (B-actin and Y-actin) in HO-1 cells is 
shown in FIGS. 4 and 5. Under most experimental conditions, 
only small changes were observed in B-actin and Y-actin 
mRNA levels. In the case of 96-h-treated cultures, both B-ac 
tin and, to a greater extent, Y-actin expression were decreased 
by treatment with a number of agents, resulting in growth 
Suppression. In contrast, RA, which is not growth suppressive 
in HO-1 cells, did not significantly alter the expression of 
these cytoskeletal genes. A common change that was gener 
ally most pronounced under all three experimental protocols 
in HO-1 cells, that is, 24-htreatment, 24-htreatment followed 
by 72-h growth in the absence of inducer, or continuous 
treatment for 96 h, was the reduction in B-actin and Y-actin 
expression by IFN-B+MEZ. 
(0256 Modulation of Gene Expression in HO-1 Cells by 
Conditioned Medium Obtained from Differentiation-In 
ducer-Treated HO-1 Cells. 

0257 The studies described previously demonstrated that 
interferon-responsive genes and the gro/MGSA gene were 
activated during the process of reversible and irreversible 
differentiation in HO-1 cells. They further suggested the pos 
sibility of an involvement of autocrine-feedback pathways in 
the differentiation process (FIGS. 2 and 3). To determine 
directly if HO-1 cells treated with agents inducing a revers 
ible commitment to differentiation (a high dose of MEZ. 
RA+MEZ, and MPA+MEZ) and/or terminal cell differentia 
tion (IFN-B+MEZ) secrete factor(s) that can modulate gene 
expression in HO-1 cells, conditioned medium was collected 
from cells treated for 24 h with the inducer followed by 
growth for 72 h in the absence of inducer (FIGS. 6 and 7). 
HO-1 cells were grown in an equal volume of conditioned 
medium plus and equal volume of DMEM-10 (1:2) for 24 hor 
with 1 vol of conditioned medium plus 3 vol of DMEM-10 
(1:4) for 96 h. Total cytoplasmic RNA was then isolated and 
analyzed by Northern blotting for the expression of a series of 
early growth response, interferon responsive, extracellular 
matrix, extracellular matrix receptor, and cytoskeletal genes 
(FIGS. 6 and 7). With the exception of fibronectin and small 
increases in B integrin expression, treatment for 24 h with 1:2 
conditioned medium obtained from the other experimental 
conditions (which result in a reversible commitment to dif 
ferentiation) did not alter or induce expression of the genes 
tested, including c-jun, jun-B, c-myc, gro/MGSA, HLA Class 
I antigen, ISG-15, C.s integrin, B-actin, Y-actin, or tenascin. 
Exposure of HO-1 cells for 96 h to 1:4 conditioned medium 
obtained from IFN-B+MEZ-treated HO-1 cells also enhanced 
fibronectin, HLA Class I antigen, fB integrin and tenascin 
expression, as well as inducing ISG-15 expression. With the 
exception of fibronectin and tenascin, which were enhanced 
by 1:4 conditioned medium obtained from 24-h treated IFN 
|B+MEZ, MPA+MEZ, RA+MEZ treated cultures, no modifi 
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cation in the expression of the various genes was apparent 
using 1:4 conditioned medium from any of the experimental 
procedures. 
0258. The HO-1 human melanoma cell line can be chemi 
cally induced to reversibly express specific markers of differ 
entiation or to undergo terminal cell differentiation. The 
present study was undertaken to determine which specific 
programs of gene expression are modified as a consequence 
of these cellular alterations. Inductions of terminal differen 
tiation, and, to a lesser extent, reversible differentiation, was 
associated with changes in the expression specific immediate 
early response, interferon-responsive, cytokine-responsive, 
extracellular matrix, and extracellular matrix receptor genes. 
In addition, conditioned medium obtained from HO-1 cells 
treated with IFN-B+MEZ also resulted in similar changes in 
gene expression in naive HO-1 cells as those observed fol 
lowing direct exposure to the chemical inducers of terminal 
differentiation. These results indicate that common gene 
expression changes are associated with both the reversible 
and irreversible induction of differentiation in HO-1 cells. In 
addition, the terminal differentiation process is correlated 
with the activation of several autocrine pathways involving 
both IFN-B and gro/MGSA. 
0259 Immediate early response genes, such as c-myc, 
c-fos, c-jun, jun-B, and jun-D., have been shown to be 
involved in the regulation of growth and/or differentiation in 
other model systems 33-35. In the case of c-myc, a reduc 
tion in expression of this gene is observed in many cell types 
either induced to terminally differentiate or under conditions 
resulting in a reduction in cellular growth without the induc 
tion of differentiation-related genes (36-40). A direct role of 
c-myc expression in regulating differentiation in a variety of 
model cell culture systems has also been demonstrated using 
c-myc antisense constructs or oligomers (41-45). In specific 
systems, the downregulation of c-myc expression by anti 
sense constructs or oligomers has been shown to result in 
differentiation and growth Suppression in the absence of 
inducing agents (45-48). Induction of both reversible differ 
entiation and, to a greater extent, terminal differentiation in 
H0-1 cells resulted in decreased c-myc expression. Down 
regulation of c-myc expression was independent of growth 
Suppression, as indicated by the enhanced expression of 
c-myc in IFN-f+IFN-Y treated cells, even though this com 
bination of agents resulted in maximum growth Suppression 
without the induction of any morphologic or biochemical 
markers of melanoma differentiation. Based on the temporal 
relationship and the magnitude of c-myc downregulation by 
the various inducing agents, continued suppression ofc-myc 
expression may be required for the induction of terminal 
differentiation in HO-1 cells. Studies using antisense c-myc 
constructs should prove valuable in directly addressing the 
relationship between c-myc expression and terminal differ 
entiation in HO-1 cells. 

0260 Two immediate early response genes, c-fos and 
c-jun, code for transcription factors involved in nuclear signal 
transduction (35, 46, 47). Expression of these genes can be 
induced by many external stimuli, including cytokines, 
growth factors, serum, phorbol esters, neurotransmitters, and 
viral infection (35, 46, 47). The proteins c-fos and c-jun can 
form a heterodimer as part of the AP-1 transcription-factor 
complex that binds efficiently to AP-1 sites (TGAG/CTCA) 
in DNA (35, 46,47). Previous studies have indicated that both 
the c-jun and c-fos genes are activated during monocytic 
differentiation induced by TPA, macrophage colony-stimu 
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lating factor (M-CSF), and okadaic acid (48-50). Elevation of 
AP-1 activity also has been demonstrated during the induc 
tion of differentiation of F9 embryonal carcinoma stem cells 
by RA (51). In contrast the transcriptional enhancing activity 
of c-jun, jun-B (which is induced by a number of external 
stimuli that also induce c-jun) functions as a negative regula 
tor of several genes normally activated by c-jun (52, 53). In 
the process of monocytic differentiation induced by TPA in 
human cells, jun-B gene transcription, steady-state mRNA 
levels, and mRNA stability are enhanced (54). Similarly, 
jun-B expression is enhanced during the process of mono 
cytic differentiation induced in murine cells by serum-free 
conditioned medium from mouse lungs (55). Induction of 
growth suppression and both reversible and irreversible dif 
ferentiation in HO-1 cells are unaltered at later time points. 
Unlike TPA-induced monocytic differentiation (48, 54), 
induction of jun-B expression by IFN-B+MEZ in HO-1 cells 
is regulated only at the transcriptional level (56). These data 
indicate that enhanced expressions of c-jun and jun-B in 
HO-1 cells is not directly related to the induction of terminal 
differentiation in HO-1 cells. A sustained elevation of c-jun 
and jun-B expression, however, may be components of the 
differentiation program in HO-1 cells. 
0261 The process of cellular differentiation is frequently 
associated with profound changes in cellular morphology that 
are related to cell-cell and cell-extracellular matrix interac 
tions as well as the expression of cell growth and cytoskeletal 
genes (57). In addition, cell shape and cell-extracellular 
matrix interactions also play important roles in the process of 
tumorigenesis and metastasis (58, 59). Transformed cells 
often exhibit reductions in fibronectin expression as well as 
decreases in expression of specific integrin genes, which 
encode receptors for extracellular matrix proteins (60, 61). Of 
particular recent interest is the CB integrin complex that 
appears to be the major receptor for fibronectin (62). 
Decreases in Os B expression have been found in oncogeni 
cally transformed cells (60) and overexpression of the com 
bination of Cls and B integrin cDNA in Chinese hamster 
ovary (CHO) cells results in a direct suppression of the trans 
formed phenotype (61). Agents that induced reversible dif 
ferentiation (MPA+MEZ and RA+MEZ), irreversible differ 
entiation (IFN-B+MEZ), and increased growth suppression 
without inducing markers of differentiation (IFN-B+IFN-Y) 
in HO-1 cells enhanced fibronectin, C.s integrin, and f inte 
grin expression. These findings Suggest that the specific com 
binations of cytokines, such as IFN-B+IFN-Y, resulting in 
growth suppression and combinations of agents that induce 
either a reversible commitment to differentiation or terminal 
differentiation in HO-1 cells, can directly modify extracellu 
lar matrix and extracellular matrix receptor gene expression. 
The changes induced in these genes by these agents reflect a 
more normal, as opposed to the original, transformed cellular 
phenotype. In this context, it is also worth commenting on 
changes induced tenascin expression as a consequence of 
treatment with the various differentiation-inducing and/or 
growth-Suppressing agents. Tenascin is an extracellular-ma 
trix protein expressed (or prominently expressed) in special 
ized embryonic tissues, cells of neuroectodermal origin, and 
tumors (63). In general, tenascin is expressed at higher levels 
in undifferentiated vs. differentiated tumors (63). HO-1 cells 
express tenascin, and its level of expression is increased by 
IFN-Y, alone or in combination with IFN-B, whereas its 
expression is reduced by treatment with IFN-B, MEZ, or RA 
or by continuous growth in the combination of IFN-B+MEZ 
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or RA+MEZ. These results provide further evidence that the 
continuous treatment of HO-1 cells for 96 h with specific 
differentiation-inducing agents can result in acquisition of a 
more differentiated cellular phenotype by these human mela 
noma cells. 

0262 Studies analyzing the mechanism of growth arrest 
during the process of differentiation in hematopoietic cells 
have implicated IFN-B as an autocrine growth inhibitor 
important in this process (39, 64, 65). Supporting evidence 
for the involvement of autocrine IFN-B in the differentiation 
process of hematopoietic cells include (1) the ability of IFN-B 
antibody, but not IFN-Cl antibody, to partially block the reduc 
tion in c-myc mRNA and growth inhibition associated with 
the differentiation process; (2) the induction of interferon 
regulatory factor 1 (IRF-1), which is a positive transcription 
factor for expression of the IFN-B gene, during the myeloid 
differentiation process; (3) the ability of IRF-1 antisense oli 
gomers to partially block growth inhibition associated with 
IL-6 and leukemia inhibitory factor induction of differentia 
tion; and (4) the induction of type I interferon (IFN-C/B) gene 
expression during terminal differentiation in hematopoietic 
cells (39, 64, 65). A potential IFN-B autocrine loop in the 
induction of specific programs of reversible and irreversible 
differentiation in human melanoma cells is also suggested by 
the experiments described in this article. Reversible differen 
tiation, resulting from treatment with MPA+MEZ and 
RA+MEZ, and terminal cell differentiation, resulting from 
growth in IFN-B+MEZ, results in the enhanced expression of 
type I interferon-responsive genes, including HLA Class I 
antigen, ISG-15, and ISG-54. These same gene expression 
changes occur in HO-1 cells treated with conditioned 
medium obtained from IFN-?3+MEZ treated HO-1 cells. In 
addition, conditioned medium induces growth Suppression in 
HO-1 cells and IFN-fantibodies partially block the induction 
by conditioned medium of ISG-15 in H0-1 cells (56). 
Attempts to quantitate IFN-B in conditioned medium form 
inducer-treated HO-1 cells have not been successful (66). A 
possible reason for the lack of quantifiable IFN-B in HO-1 
inducer-treated conditioned medium could be the presence of 
INF-B below the sensitivity of detection of the assay system, 
that is, level of IFN-?3 below 2 U/ml. In this respect, the 
differentiating HO-1 system may be similar to hematopoietic 
cells induced to terminally differentiate by treatment with 
various inducers that also produce Small quantities of high 
specific-activity autocrine IFN-B (39). Further studies are 
required to characterize the putative autocrine IFN-?3 pro 
duced by differentiating human melanoma cells and to deter 
mine its potential role in both the reversible commitment to 
differentiation and terminal differentiation in human mela 
noma cells. The present studies Support the hypothesis that 
autocrine IFN-B may also contribute to the differentiation 
process in Solid tumors. 
0263 Analysis of gene expression changes resulting from 
exposure to IFN-B+MEZ and conditioned medium from 
H0-1 cells treated with these inducers suggests the presence 
of additional autocrine factors produced during the differen 
tiating process in HO-1 cells. One of these putative autocrine 
factors is the previously identified melanoma growth factor 
termed MGSA (67). MGSA has been identified in the serum 
free growth medium obtained from low-density cultures of 
the human malignant cell line Hs294T (67). The gene for 
MGSA has been cloned (68) and the deduced amino acid 
sequence for human MGSA is identical to that of the human 
“gro' clNA isolated by Anisowiczetal. (69), now referred to 
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as gro/MGSA. gro/MGSA is secreted by ~70% of primary 
cell cultures derived from human melanoma biopsies and by 
a majority of benign nevus cells with chromosomal abnor 
malities, whereas benign nevus cells with a normal karyotype 
are negative for MGSA production (70, 71) The level of 
gro/MGSA mRNA is enhanced in human melanoma cells 
treated with MGSA, indicating a potential autocrine function 
for this molecule (68); gro-C. and gro-3 have also been shown 
to be primary response genes that are induced as a result of 
IL-1-mediated growth arrest in human melanoma cells (72). 
In addition, the expression and secretion of MGSA is strongly 
induced in other cell types, including human endothelial cells 
treated with a number of agents such as IL-1, TNF, 
lipopolysaccharide, thrombin, or TPA (73). These observa 
tions suggest that gro/MGSA production is not restricted to 
human melanoma cells and, in addition to stimulating the 
growth of specific melanoma cells, gro/MGSA may also play 
a role in the inflammation process. Applicants presently dem 
onstrate that gro/MGSA gene expression is induced in HO-1 
cells during specific programs of reversible differentiation 
and during terminal cell differentiation. In contrast, growth 
arrest, without the induction of biochemical or cellular mark 
ers of differentiation, does not result in gro/MGSA induction. 
The ability of conditioned medium obtained from IFN-B+ 
MEZ-treated HO-1 cells to induce gro/MGSA in naive HO-1 
cells Suggests that gro/MGSA may be produced during the 
induction of terminal cell differentiation in HO-1 cells. At 
present the function of gro/MGSA (which is structurally 
related to a number of additional genes, including platelet 
factor-4, B-thromboglobulin, connective tissue-activating 
peptide-3, and the murine KC gene) in melanoma develop 
ment is not clear. The present data Suggest, however, that in 
addition to its growth stimulatory effect on human melanoma 
cells, gro/MGSA may also play a role in melanoma cell 
differentiation. 
0264. In summary, the H0-1 cells culture system has been 
used to analyze the molecular changes associated with the 
reversible commitment to differentiation and terminal cell 
differentiation in human melanoma cells. Evidence is pre 
sented indicating that induction of both processes may 
involve overlapping gene expression changes. However, the 
magnitude of the changes and the persistence of the changes 
Suggest a potential involvement of defined programs of gene 
expression alterations in the induction and maintenance of the 
terminal cells differentiation phenotype of human melanoma 
cells. Although their precise roles in melanoma cell growth 
and differentiation are not presently known, data are also 
presented that indicate that induction of differentiation results 
in the production of autocrine factors, including IFN-B and 
gro/MGSA. Further studies are required to define the func 
tional significance of specific gene expression changes and 
specific autocrine factors in the process of terminal cells 
differentiation in human melanoma cells. This information 
will be important in understanding the process of melanoma 
development and evolution and may result in the identifica 
tion of novel target genes and molecules that could prove 
useful in the therapy of this neoplastic disease. In addition, the 
H0-1 differentiation model system appears ideally suited for 
the identification and cloning of genes involved in the induc 
tion and maintenance of loss of proliferative capacity and 
terminal cell differentiation in human melanoma cells. 
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0339 Second Series of Experiments 
0340 Molecular biological approaches for the identifica 
tion and cloning of genes displaying differential expression in 
both related and different cell types have been described 
(1-5). A particularly powerful procedure that has resulted in 
the identification of genes differentially expressed in diverse 
target cells is subtraction hybridization (4,5). This approach 
has been Successfully used to identify genes that are specifi 
cally expressed during progression of the transformed/malig 
nant phenotype (5.6), in cells undergoing growth arrest (7). 
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induced by specific DNA damaging agents (8), expressed 
during specific stages of B cell development (9), and associ 
ated with programmed cell death (10). Subtraction hybridiza 
tion is ideally suited for the identification of rare transcripts 
(4.5,9,11,14), or transcripts that exhibit small variations in 
expression between two cell types (4,8,11). As described in 
this article, Subtraction hybridization is also an ideal proce 
dure for identifying and cloning genes that are expressed at 
higher levels in cells induced to differentiate versus unin 
duced parental cells. In addition, by performing Subtraction in 
the opposite direction, i.e., differentiation-inducer treated 
(Ind) from untreated control (Ind), the present protocol can 
also be used to identify genes that are Suppressed during 
terminal differentiation. 

0341 Treatment of human melanoma cells with the com 
bination of recombinant human fibroblast interferon (IFN-B) 
and the antileukemic compound mezerein (MEZ), results in a 
rapid cessation of cell growth and the induction of terminal 
cell differentiation, i.e., cells remain viable, but they lose 
proliferative capacity (15-17). Terminal cell differentiation 
can be induced by IFN-B plus MEZ in human melanoma cells 
either innately sensitive or resistant to either agent used alone 
(15,16). In contrast, treatment of melanoma cells with either 
IFN-B or MEZ alone results in a reversible alteration in dif 
ferentiation phenotypes in the human melanoma cell line 
H0-1. This system represents a valuable experimental model 
for determining which changes in gene expression are corre 
lated directly with growth suppression as opposed to revers 
ible differentiation and terminal cell differentiation. Appli 
cants have presently developed a simple and effective 
subtraction hybridization protocol and used it to identify 
melanoma differentiation associated (mda) genes displaying 
enhanced expression in cells treated with reversible- and ter 
minal differentiation inducing compounds. Four types of mda 
genes have been identified, including genes upregulated by 
both IFN-Band IFN-B plus MEZ, both MEZ and IFN-?3 plus 
MEZ, all three treatments and only the combination of IFN-B 
plus MEZ. This approach should prove amenable to other 
model systems resulting in the isolation of differentially 
expressed genes involved in important cellular processes. 
0342. Materials and Methods 
0343 Cell Line and Differentiation Induction 
0344. The human melanoma cell line HO-1 is a melanotic 
melanoma derived from a 49-year-old female and was used 
between passage 125 and 150 (16). H0-1 cells were grown in 
Dulbecco's modified Eagle's medium supplemented with 
10% fetal bovine serum (DMEM-5) at. 37° C. in a 5% CO 
95% air humidified incubator. Cells were either untreated 
(Ind) or treated (Ind') with a combination of IFN-B (2000 
units per ml) and MEZ (10 ng per ml) for 2, 4, 8, 12 and 24hr. 
For expression studies, H0-1 cells were untreated or treated 
for 12 and 24hr with IFN-B (2000 units per ml), MEZ (10 ng 
per ml) or IFN-B plus MEZ (2000 units per ml plus 10 ng per 
ml) prior to isolation of cellular RNA and Northern blotting 
analysis (17). 
(0345 Construction of cDNA Libraries 
(0346 Total cellular RNA from untreated (Ind) and IFN-B 
plus MEZ treated (2.4.8, 12 and 24 hr) (Ind) samples was 
isolated by the guanidinium isothiocyanate/CsCl centrifuga 
tion procedure and poly(A) RNA was selected following 
oligo(dT) cellulose chromatography (18). cDNA synthesis 
was performed using the ZAP-cDNATM synthesis kit from 
Stratagene(R) (LaJolla, Calif.) which is based on an adaptation 
of the Gubler and Hoffman method (19). A primer-adapter 



US 2009/0246272 A1 

consisting of oligo(dT) next to a unique restriction site (Xhol) 
was used for first strand synthesis. The double-stranded 
cDNAs were ligated to EcoRI adapters and then digested with 
the Xhol restriction endonuclease. The resultant EcoRI and 
Xhol cohesive ends allowed the finished cDNAs to be 
inserted into the W. ZAP II vector in a sense orientation with 
respect to the lac-Z promoter (20). The w ZAP II vector 
contains pBluescript plasmid sequences flanked by bacte 
riophage-derived fl sequences that facilitate in vivo conver 
sion of the phage clones into the phagemid (20). Two cDNA 
libraries were constructed: a differentiation inducer-treated 
cDNA library (Ind) (tester library); and a control uninduced 
cDNA library (Ind) (driver library). The libraries were pack 
aged with Gigapack II Gold Packaging Extract (StratageneR) 
and amplified on PLK-F" bacterial cells (Stratagene(R). 
(0347 Preparation of Double-Stranded DNA from Ind 
Library 
0348. The Ind' clNA phagemid library was excised from 
ZAP using the mass excision procedure described by Strat 

ageneR (La Jolla, Calif.) (21). Briefly, 1x10 pfu of Ind 
cDNA library were mixed with 2x10 XL-1 Blue strain of 
Escherichia coli and 2x10 pfu of EXAssist helperphage in 10 
mMMgSO followed by absorption at 37° C. for 15 min (22). 
After the addition of 10 ml of LB medium, the phage/bacteria 
mixture was incubated with shaking at 37° C. for 2 hr fol 
lowed by incubation at 70° C. for 20 minto heatinactivate the 
bacteria and the w ZAP phage particles. After centrifugation 
at 4000 g for 15 min, the supernatant was transferred to a 
sterile polystyrene tube, and stored at 4°C. before use. 
0349. To produce double-stranded DNA, 5x107 pfu of the 
phagemids were combined with 1x10’ SOLR strain of 
Escherichia coli, which are nonpermissive for the growth of 
the helper phages and therefore prevent coinfection by the 
helper phages (22), in 10 mMMgSO followed by absorption 
at 37°C. for 15 min. The phagemids/bacteria were transferred 
to 250 ml LB medium containing 50 g/ml ampicillin and 
incubated with shaking at 37°C. overnight. The bacteria were 
harvested by centrifugation, and the double-stranded 
phagemid DNA was isolated by the alkali lysis method (18) 
and purified through a QIAGEN-tip 500 column (QIAGEN 
Inc., Chatsworth, Calif.). 
0350 Preparation of Single-Stranded DNA from Control 
Ind Library 
0351. The control Ind cDNA library was excised from 
lambda ZAP using the mass excision procedure described 
above. The phagemid (5x10) were combined with 1x10 
XL-1 Blue strain of Escherichia coli in 10 mM MgSO fol 
lowed by absorption at 37° C. for 15 min. The phagemids/ 
bacteria were transferred to 250 ml LB medium, and incu 
bated with shaking at 37° C. for 2 hr. Helper phage VCSM13 
(StratageneR, La Jolla, Calif.) was added to 2x10 pfu/ml, 
and after incubation for 1 hr, kanamycin Sulfate (Sigma) was 
added to 70 ug/ml. The bacteria were grown overnight. The 
phagemids were harvested and single-stranded DNAs were 
prepared using standard protocols (18). 
0352 Pretreatment of Double- and Single-Stranded DNA 
Prior to Hybridization 
0353 To excise the inserts from the vector, double 
stranded DNA from the Ind' cDNA library was digested with 
EcoRI and Xhol, and extracted with phenol and chloroform 
followed by ethanol precipitation (5). After centrifugation, 
the pellet was resuspended in distilled H0. Single-stranded 
DNA from Ind cDNA library was biotinylated using photo 
activatable biotin (Photobiotin, Sigma, St. Louis, Mo.) (23). 
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In a 650 ul microcentrifuge tube, 50 ul of 1 ug/ul single 
stranded DNA was mixed with 50 ul of 1 lug/ul photoactivat 
able biotin in H0. The solution was irradiated with the tube 
slanted on crushed ice at a distance of 10 cm from a 300 watt 
sun lamp for 15 min. The DNA was further biotinylated by 
adding 25 ul of photoactivatable biotin to the solution which 
was then exposed to an additional 15 min of irradiation as 
described above. To remove unlinked biotin, the reaction was 
diluted to 200 ul with 100 mM Tris-HCl, 1 mM EDTA, pH 
9.0, and extracted 3x with 2-butanol. Sodium acetate, pH 6.5 
was added to a concentration of 0.3 M, and the biotinylated 
DNA was precipitated with two volumes of ethanol. 
0354 Subtracted Hybridization and Construction of Sub 
tracted cDNA Library 
0355 Subtraction hybridization was performed essen 

tially as described by Herfort and Garber (24) with minor 
modifications. In a 650 ul siliconized microcentrifuge tube, 
400 ng of EcoRI- and Xhol-digested Ind' cDNA library and 
12 lug of biotinylated Ind cDNA library were mixed in 20 ul 
of 0.5 MNaCl, 0.05 MHEPES, pH 7.6,0.2% (wt/vol) sodium 
dodecyl sulfate and 40% deionized formamide. The mixture 
was boiled for 5 min and incubated at 42°C. for 48 hr. The 
hybridization mixture was diluted to 400 ul with 0.5 MNaCl, 
10 mM Tris, pH 8.0, 1 mM EDTA and then 15ug of strepta 
vidin (BRL(R) in H0 was added, followed by incubation at 
room temperature for 5 min. The sample was extracted 2x 
with phenol/chloroform (1:1), followed by back-extraction of 
the organic phase with 50 ul of 0.5 M NaCl in TE buffer, pH 
8.0. An additional 10 ug of streptavidin was added and phe 
nol/chloroform extraction was repeated. After removal of 
excess chloroform by brieflyophilization, the final solution 
was diluted to 2 ml with TE buffer, pH 8.0, and passed through 
a Centricon 100 filter (Amicron; Danvers, Mass.) 2x as rec 
ommended by the manufacturer. The concentrated DNA 
solution (approximately 50 ul) was then lyophilized. The 
subtracted cDNAs were ligated to EcoRI- and Xhol-digested 
and CIAP treated arms of the ZAP II vector and packaged 
with Gigapack II Gold packaging extract (Stratagene(R), La 
Jolla, Calif.). The library was then amplified using the PLK-F 
bacterial cell. 
0356. Screening Subtracted cDNA Library 
0357 The mass excision of the library was performed 
using EXAssist helper phage as described above. The SOLR 
strain of Escherichia coli and cDNA phagemids were mixed 
at 37° C. for 15 min and plated onto LB plates containing 
ampicillin and IPTG/X-gal. White colonies were chosen at 
random, isolated and grown in LB medium. Plasmid minireps 
and restriction enzyme digestions were performed to confirm 
the presence of inserts. The inserts were isolated and used as 
robes for Northern blotting analysis (5.25). Total cellular 
RNA was prepared from H0-1 cells treated with IFN-B (2000 
units/ml), MEZ (10 ng/ml), and IFN-?3plus MEZ (2000 units/ 
ml plus 10 ng/ml), electrophoresed in 0.8% agarose gels and 
transferred to nylon membranes (Amersham, Arlington 
Heights, Ill.). Radiolabeled probes were generated by random 
oligonucleotide priming (25). Prehybridization, hybridiza 
tion, posthybridization washes, and autoradiography were 
performed as described (5, 18, 25). 
0358 Sequencing of mda Genes 
0359 The mda clones were sequenced using double 
stranded p3luescript DNA as the template. DNA sequencing 
was performed using the Sanger dideoxynucleotide method 
with sequenase (United States Biochemical Corp., Cleveland, 
Ohio) and T3 promoter primer (GIBCOR BRL(R), Gaithers 
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burg, Md.). This approach generates sequences from the 5' 
end of the inserts. Sequences were tested for homology to 
previously identified sequences using the Genbank FMBL 
database and the GCG/FASTA computer program. 
0360 
0361 Subtraction hybridization represents a valuable 
methodology for isolating cDNA clones representing prefer 
entially expressed mRNAs without prior knowledge of the 
selected gene or its encoded product (1-10). This procedure 
results in a substantial enrichment of differentially expressed 
cDNA clones and is often preferable to differential hybrid 
ization procedures using total clNAs (4.5, 11-14). A number 
of protocols have been reported for the generation of subtrac 
tion libraries reviewed in 4. The traditional approach 
involves hybridization of a first strand cDNA (tester) made 
from the mRNA of one cell type with mRNA (driver) pre 
pared from a second cell type or the first cell type treated with 
a specific gene modulating agent(s)7-9. Single-stranded 
unhybridized cDNAs are then selected by hydroxylapatite 
column chromatography and they are used as templates for 
the synthesis of second-strand cDNA (7-9). However, this 
procedure has a number of limitations, including the require 
ment for RNA handling during hybridization, which can be 
problematic, and the limited quantity of cDNAs recovered 
following hybridization and column chromatography. Other 
subtraction hybridization protocols involve hybridization of 
cDNA and photobiotinylated RNA (23.26). Problems may 
still arise because of the requirement for large amounts of 
mRNA and from manipulation of RNA during the hybridiza 
tion procedure (22). Recent improvements in Subtraction 
hybridization utilize cDNA libraries as both tester and driver 
nucleic acid populations (24.27.28). By using driver 
sequences present in cloned forms, the newer approaches 
circumvent the problems associated with insufficient quanti 
ties of mRNAs or difficulties resulting during the preparation 
and manipulation of mRNAS. Improvements in Subtraction 
hybridization procedures have included: the use of phagemid 
subtraction hybridization (27); the use of single-stranded 
phagemids with directional inserts (28); and the use of 
double-stranded cDNA inserts as tester and single-stranded 
cDNAs as the driver (21). 
0362. The procedure applicants have used to construct 
subtraction libraries involves a modification of the protocols 
described by Rubenstein et al. (28) and Herfort and Garber 
(24). This strategy is outlined in FIG.8. Applicants approach 
to subtraction library construction uses w phage and commer 
cially available reagents. In other similar procedures (22.27. 
28), the end products of subtraction hybridization are either 
single-stranded phagemid DNA, which is converted to 
double-stranded DNA, or double-stranded inserts, which are 
ligated to plasmid vectors. These procedures have two poten 
tially limiting drawbacks including, the lower efficiency of 
bacterial transformation with plasmids versus phage infec 
tion and the need for special precautions to remove the 
double-stranded phagemids contaminating the driver single 
Stranded DNA preparation. By using w page as vectors, these 
problems are easily avoided. The efficiency of phage infec 
tion of bacteria is high, often attaining levels of 10 PFU/ug 
DNA (21). In addition, problems with contaminating plas 
mids in the preparation are also eliminated because they will 
not be packaged and transfected into bacteria. This approach, 
therefore, results in the construction of subtraction libraries of 
high titer. By employing Uni-ZAP vectors which can be 

Experimental Results 

24 
Oct. 1, 2009 

converted into phagemids by in vivo excision, the laborious 
work of subcloning the DNA inserts into plasmids is unnec 
essary. 

0363 cDNA libraries and subtraction libraries are pre 
pared using the commercial ZAP-cDNATM synthesis kit from 
Stratagene(R) (La Jolla, Calif.) (5). This product has several 
advantages for the construction of subtraction libraries. First, 
the Xhol adapter-primer permits the cDNA to be inserted into 
the vector in a unidirectional orientation. The efficiency of 
subtraction hybridization will be high if hybridization occurs 
only between complementary molecules in the different 
cDNA libraries instead of complementary molecules in the 
same cDNA library. This improved subtraction hybridization 
is achieved by using both single-stranded and double 
stranded unidirectional cDNA libraries from each experi 
mental condition. For construction of mda subtraction librar 
ies (FIG. 8), both the H0-1 control Ind and the IFN-B plus 
MEZ treated Ind" cDNA libraries were constructed in a uni 
directional manner. The efficiency of subtraction hybridiza 
tion was insured by using single-stranded unidirectional Ind 
cDNA as the driver. Secondly, the bacteriophage fl origin of 
replication, which is present in the ZAP II vector, permits 
excision of plBluescript II SK(-) phagemids from the bacte 
riophage and rescue of single-stranded DNA with the assis 
tance of helper phage (20). The Escherichia coli strains XL-1 
blue and SOLR, which are provided as part of the ZAP 
cDNATM kit, are very useful in preparing single-stranded and 
double-stranded phagemid DNA. The XL-1 blue strain is 
permissive for EXAssist helper phage growth, while the 
SOLR strain is nonpermissive (22). The phagemids are 
excised with EXAssist helper phage in XL-1 blue bacterial 
cells. The phagemids are then grown in SOLR bacterial cells 
for harvesting double-stranded DNA or in XL-1 blue cells 
with helper phages for harvesting single-stranded DNA. 
Using this approach, contamination of helper phage and 
single-stranded DNA in the double-stranded DNA prepara 
tion was minimized. Contamination could decrease the effi 
ciency of subtraction hybridization because of the comple 
mentary binding between the single-stranded cDNA and any 
potentially unique sequences from the same cDNA library 
(tester). This could potentially result in a failure of the unique 
sequences to from double-stranded inserts with appropriate 
ends which can be ligated into the vectors. A third consider 
ation is the commercial availability of Uni-ZAP arms which 
can be used as vector for the construction of subtraction 
libraries. Tester inserts are released from the phagemid vector 
by digestion with the restriction enzyme EcoRI and Xhol. 
After subtraction hybridization, the remaining inserts which 
are in the double-stranded form because of complementary 
hybridization are ligated in a unidirectional manner into Uni 
ZAParms because of the EcoRI and Xhol cohesive ends. This 
approach eliminates the requirement for additional vectors. 
The subtraction library is then converted into a phagemid 
library which can be easily manipulated for screening, 
sequencing, in vitro RNA transcription, and mutagenesis. 
Without the advent of well designed commercial kits, sub 
traction hybridization and subtraction library construction is 
both time and labor intensive. The procedure applicants 
describe in this article is straight forward and highly efficient 
in producing Subtraction libraries. 
03.64 Employing the approaches applicants describe 
above, cDNA libraries from control H0-1 cells (Ind) and 
H0-1 cells treated with the terminal differentiation inducing 
agents IFN-B plus MEZ. (Ind) have been constructed. The 
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original titers of the cDNA libraries were 1.2x10 PFU and 
1.7x10° PFU for the Ind and Ind", respectively. The high 
titers obtained suggest that the cDNA libraries are represen 
tative of the mRNAs produced under the experimental con 
ditions used. The purity of the single-stranded and double 
stranded DNA was examined by digestion with the restriction 
endonucleases EcoRI and XhoI. Unlike double-stranded 
DNA, the single-stranded DNA could not be digested with the 
restriction endonucleases. This is demonstrated in FIG. 9, in 
which plasmid vector is released after digestion of double 
stranded DNA but not single-stranded DNA. Four hundred ng 
of double-stranded DNA (tester: IND") and 12 g of single 
stranded DNA (driver:Ind) were used for subtraction hybrid 
ization. After a single-round of hybridization, the Ind' sub 
traction library was constructed in Uni-ZAPXR vector with 
an original titer of 8 to 10x10 PFU. Additional rounds of 
Subtraction hybridization resulted in a low percentage of 
colonies which contained inserts. This may result because of 
the low concentration of potentially unique sequences 
remaining after the first round of subtraction hybridization. 
This observation indicates that the subtraction hybridization 
protocol applicants have utilized is very efficient and the 
requirement for additional Subtraction hybridizations may 
not be necessary to identify differentially expressed genes. 
0365 Screening of subtraction libraries for differentially 
expressed sequences can be achieved using several proce 
dures. In a number of studies, subtraction libraries are 
screened using differential hybridization techniques (7, 8, 
27). However, the sensitivity of this procedure is limited by 
the relative abundance of the target mRNA. The enrichment 
of target sequences obtained in our Subtractions libraries per 
mitted the random isolation of clones forevaluation of mRNA 
expression in undifferentiated H0-1 cells or HO-1 cells treated 
with IFN-B, MEZ or IFN-B+MEZ. After in vivo excision, 
bacteria containing the Subtraction library were plated and 
randomly isolated clones were used to prepare plasmids. The 
EcoRI/XhoI digested cDNA inserts from these clones were 
then used as probes for Northern blotting analysis of mRNA 
expression under the different experimental conditions. 
Among 70 cDNA clones initially analyzed, 23 clones were 
found to display differences in gene expression between Ind 
and Ind' treated H0-1 cells. As expected, subtraction of con 
trol H0-1 cDNAs from IFN-B plus MEZ treated H0-1 cDNAs 
results in a series of mda genes which displayed enhanced 
expression after 24 hr treatment with the inducer. These 
included mda genes which were inducible by both IFN-Band 
IFN-B plus MEZ, i.e. mda-1 and mda-2; by both MEZ and 
IFN-B plus MEZ, i.e., mda-3; by IFN-E, MEZ and IFN-B plus 
MEZ, i.e., mda-4; and uniquely by IFN-B and MEZ, i.e., 
mda-5 and mda-6 (FIG. 10). Specific mda genes also dis 
played elevated expression after 96 hr exposure to IFN-?3 plus 
MEZ (data not shown). 
0366. Of the six moda genes reported in this study, only 
mda-3 corresponds to a previously reported gene (FIG. 11). 
At present, 245 bp of mda-3 have been sequenced and this 
cDNA shares >99% homology with the reported sequences of 
pLD78 (29), p AT 464 (30.31), p.AT 744 (31) and GOS19 
(32-34). The plD78 cDNA is inducible by either TPA or a 
T-cell mitogen, phytohaemagglutinin (PHA), in human ton 
sillar lymphocytes (29). mda-3 is induced in H0-1 cells within 
24 hr of treatment with MEZ, IFN-B plus MEZ and IFN-f 
plus TPA (data not shown). The sequence of the 5' flanking 
region of the genomic DNA encoding for the plD78 cDNA 
displayed a significant homology with corresponding regions 
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of the human interleukin 2 and immune interferon genes (29). 
pAT 464 and pAT 744 are inducible by TPA and PHA, with 
maximal induction resulting from the combination of agents, 
in T-cells, B-cells and the promyelocytic cell line HL-60 (31). 
In contrast, these cDNAs are not expressed in human fibro 
blasts, although as indicated in the present study a potentially 
similar cDNA, mda-3, is inducible in human melanoma. pAT 
464 and pAT 744 share some critical amino acid similarity 
with a family of Secreted factors including connective tissue 
activating factor III, platelet factor 4, an IFN-y-induced fac 
tor, macrophage inflammatory protein and a factor chemot 
actic to neutrophils (3-10 C, monocyte-derived neutrophil 
chemotactic factor, neutrophil-activating factor) (31). GOS 19 
genes are members of the “small inducible' family of genes, 
which exhibit similar exon-intron organizations and which 
encode secreted proteins with similar organization of cysteine 
and proline residues (32-34). The GOS19-1 mRNA is 
enhanced rapidly by the addition of both cycloheximide or 
lectin to cultured human blood mononuclear cells (32). This 
cDNA has sequence homology to the murine gene that 
encodes an inhibitory cytokine (MIPIC/SCI) which decreases 
stem cell proliferation (32). In this context, GOS19-1, which 
is the main GOS19 gene expressed in adult T lymphocytes, 
may encode a homeostatic negative regulator of marrow stem 
cell populations. The role of mda-3 in the process of mela 
noma cell growth and differentiation remains to be deter 
mined. 

0367 Studies are currently in progress to further charac 
terize the novel mda genes, mda-1, mda-2, mda-4, mda-5, and 
mda-6, and determined their expression in different stages of 
melanoma evolution and during the induction of growth Sup 
pression, the reversible commitment to differentiation and the 
induction of terminal differentiation in human melanoma 
cells. It should be emphasized that the cDNA clones appli 
cants have currently analyzed represent only a small percent 
age of the complete Subtraction library. This suggests that this 
subtraction library has the potential for identifying and clon 
ing additional genes involved or associated with the chemical 
induction of differentiation and growth suppression in human 
melanoma cells. In addition, by altering the driver DNA, i.e., 
using combinations of cDNA libraries constructed from HO-1 
cells treated singularly with IFN-B and MEZ, it should be 
possible to further enrich for gene(s) uniquely expressed in 
terminally differentiated human melanoma cells, i.e. those 
treated with the combinations of IFN-B+MEZ. 
0368. In summary, applicants presently describe an effi 
cient and sensitive procedure for the production of subtrac 
tion hybridized cDNA libraries which can be used for the 
identification and cloning of differentially expressed genes. 
The basic protocol utilizes biotinylated single-stranded DNA 
as the driver and bacteriophage as the vector and relies on the 
availability of commercial reagents for construction of Sub 
traction cDNA libraries. The usefulness of the current proto 
col is demonstrated by the high level of enrichment obtained 
from genes in the subtracted library associated with the 
induction of differentiation of human melanoma cells, i.e., 
mda genes. This procedure should find wide applicability for 
the identification and cloning of differentially expressed 
genes. These can include, but are not limited to, genes dis 
playing modified expression between closely related cell 
types, between disparate cell types, in cells induced to lose 
proliferative ability or undergo apoptosis, in cells treated with 
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chemotherapeutic agents, and in cells induced or committed 
to reversible or terminal differentiation. 
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0403 
0404 Development of malignant melanoma in humans, 
with the exception of nodular type melanoma, is a progressive 
process involving a discrete series of well defined stages. 
Although the focus of intensive Scientific scrutiny, the genetic 
elements controlling melanocytic conversion into the various 
stages of the evolving melanoma have not been identified. In 
addition, no consistently effective therapy is currently avail 
able to treat metastatic melanoma. The long-term goal of the 
present proposal is to define the genes regulating melanoma 
growth, differentiation and progression. This information 
could prove valuable in elucidating potential targets forthera 
peutic intervention. 
04.05 Tumor progression in melanocytes is associated 
with altered patterns of normal melanocytic differentiation. 
Chemical induction of terminal differentiation in tumor cells 
represents a useful approach for reversing the negative prog 
nosis associated with specific neoplasms. Recent studies indi 
cate that the specific combination of recombinant human 
fibroblast interferon (IFN-?3) and the antileukemic compound 
mezerein (MEZ) can reprogram human melanoma cells to 
undergo terminal differentiation, i.e., cells retain viability but 
they irreversibly lose proliferative capacity. In contrast, appli 
cation of comparable doses of IFN-B or MEZ alone to human 
melanoma cells results in a reversible commitment to differ 
entiation, i.e., removal of the inducing agent results in the 
resumption of cell growth and the loss of specific differentia 
tion-associated properties. 
0406. Subtraction hybridization is used to identify the 
genotypic changes associated with induction of terminal dif 
ferentiation in human melanoma cells. Using this approach, 
cDNAS displaying enhanced expression in melanoma cells 
induced to terminally differentiate versus untreated mela 
noma cells have been identified. Partial sequence analysis of 
these differentially expressed cDNAs, tentatively called 
melanoma differentiation associated (mda) genes, indicate 
that they consist of both known and previously unidentified 
genes. Specific mda genes may represent novel genetic ele 
ments involved in tumor cell growth and/or commitment of 
cells to the melanocyte lineage. 
0407. The specific aims of this proposal are to characterize 
and determine the functional roles of the mda genes in mela 
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noma growth, differentiation, and progression. With these 
aims in mind studies will be conducted to: 

0408. 1) Determine the pattern and regulation of 
expression of the mda genes in melanocytes, nevi, radial 
growth phase melanoma, Vertical growth phase mela 
noma and metastatic melanoma cells; 

04.09. 2) Analyze the relationship between mda gene 
expression and the induction of reversible commitment 
to differentiation, growth Suppression without the induc 
tion of differentiation, DNA damage and stress 
responses and induction of terminal differentiation in 
human melanoma and other model differentiation sys 
tems; 

0410 3) Isolate full-length cDNAs of mda genes that 
may be involved in melanoma differentiation or progres 
sion and directly determine their potential functional 
role in differentiation and progression of human mela 
noma, 

0411 4) Isolate and characterize the promoter region of 
appropriate mda genes and analyze their regulation in 
human melanocytes, nevi and melanoma. 

0412 Experimental strategies designed to activate genes 
mediating a loss of proliferative capacity and the reprogram 
ming of melanoma cells to terminally differentiate, may rep 
resent novel approaches for effective therapeutic intervention 
in metastatic melanoma. Elucidation of the function of the 
cloned mda genes should provide molecular insights into the 
process of melanoma differentiation and progression. In addi 
tion, specific mda genes may represent targets of clinical 
interest which can be exploited for Suppressing the growth of 
metastatic melanoma and other tumorigenic cell types. 
0413 Background and Significance 
0414 Malignant melanoma epitomizes the process of 
tumor progression and emphasizes the selective nature of the 
metastatic phenotype and the growth dominant properties of 
metastatic cells (rev. 1 to 3). Of the numerous types of cancer 
developing in North American populations, melanoma is 
increasing at the fastest rate and it is estimated that as many as 
1 in 100 currently born children may eventually develop 
Superficial spreading type melanoma (3,4). Although mela 
noma is readily curable at early stages, Surgical and chemo 
therapeutic interventions are virtually ineffective in prevent 
ing metastatic disease and death in patients with advanced 
stages of malignant melanoma. These observations empha 
size the need for improved therapeutic approaches to more 
efficaciously treat patients with metastatic melanoma. 
0415 Development of malignant melanoma in humans, 
with the exception of nodular type melanoma, consists of a 
series of sequential alterations in the evolving tumor cells 
(rev. 1-4). These include conversion of a normal melanocyte 
into a common acquired melanocytic nevus (mole), followed 
by the development of a dysplastic nevus, a radial growth 
phase (RGP) primary melanoma, a vertical growth phase 
(VGP) primary melanoma and ultimately a metastatic mela 
noma. As indicated above, although readily treatable during 
the early stages of development even during the VGP if the 
lesion iss0.76-mm thick, currently employed techniques are 
not very effective (<20% survival) in preventing metastatic 
spread and morbidity in patients with VGP lesions >4.0-mm 
thickness. This experimental model system is ideally Suited to 
evaluate the critical genetic changes that mediate both the 
early and late phases of melanoma evolution. 
0416 A less toxic approach to cancer therapy involves a 
process termed differentiation therapy (5-9). Two premises 
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underlie this therapeutic modality. (A) Many neoplastic cells 
display aberrant patterns of differentiation resulting in unre 
strained growth; and (B) Treatment with the appropriate agent 
(s) can result in the reprogramming of tumor cells to lose 
proliferative capacity and become terminally differentiated. 
Intrinsic in this hypothesis is the assumption that the genes 
that mediate normal differentiation in many tumor cells are 
not genetically defective, but rather they fail to be appropri 
ately expressed. The successful application of differentiation 
therapy in specific instances may result because the appropri 
ate genes inducing the differentiated phenotype become tran 
Scriptionally activated resulting in the production of appro 
priate gene products required to induce terminal cell 
differentiation. Applicants have tested this hypothesis using 
human melanoma cells (10-14). Treatment of human mela 
noma cells with the combination of recombinant human 
fibroblast interferon (IFN-?3) and the antileukemic compound 
mezerein (MEZ) results in a rapid cessation of growth, an 
induction of morphological changes, an alteration in anti 
genic phenotype, an increase in melanin synthesis and an 
irreversible loss in proliferative capacity, i.e., terminal cell 
differentiation (10,11,14). IFN-B plus MEZ effectively 
induce terminal differentiation in human melanoma cells 
innately resistant to the antiproliferative effect of either agent 
used alone (10). In contrast, IFN-B or MEZ applied alone 
induce a number of similar biochemical and cellular changes 
in human melanoma cells, however, these changes are often 
reversible following removal of the inducing agent, i.e., 
reversible commitment to differentiation (10,14). Although 
the effect of IFN-B plus MEZ toward normal human melano 
cytes has not been reported, Krasagakis et al. (15) did deter 
mine the effect of IFN-?3 plus TPA (which was present in the 
melanocyte growth medium) on the growth of normal human 
melanocytes. MEZ shares a number of invitro properties with 
TPA, including its ability to replace TPA for the growth of 
normal melanocytes, to activate protein kinase C and to 
modulate cell differentiation (14,16). In contrast to TPA, 
however, MEZ is a very weak tumor promoter when substi 
tuted for TPA in the initiation-promotion model of carcino 
genesis on mouse skin, although it is quite potent during the 
second phase of tumor promotion (17.18). When normal mel 
anocytes are grown under optimal growth conditions, includ 
ing TPA, cholera toxin, isobutylmethylxanthine and fetal 
bovine serum, even high doses (10,000 units/ml) of leukocyte 
(IFN-C), fibroblast (IFN-?3) or immune (IFN-Y) interferon 
does not inhibit growth (15). In contrast, when grown in 
modified melanocyte medium not containing TPA and result 
ing in reduced growth potential, only IFN-B significantly 
inhibits proliferation. When tested in serum-free medium, all 
three interferon preparations are growth inhibitory toward the 
SKMel-28 human melanoma cell line, with IFN-B again 
being the most growth-suppressive (15). IFN-C. has been 
shown to be more growth suppressive than IFN-C toward 
several additional human melanomas grown in serum con 
taining medium (10). These results support the hypothesis 
that IFN-B may be a negative-regulator of melanocyte prolif 
eration and malignant transformation results in an increased 
sensitivity to interferons (10.15). In the case of TPA, it is an 
obligatory requirement for the in vitro growth of normal 
melanocytes, whereas TPA and MEZ are growth inhibitory 
toward many human melanoma cells (14-16, 19.20). 
0417 Melanoma represents a useful experimental model 
to analyze the process of tumor progression (rev 1-3). Cell 
culture systems are available that permit the growth of normal 
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melanocytes, nevi and melanoma cells representing different 
stages of tumor progression (1-320-25). Analyses of the 
properties of cells of the melanocyte lineage indicate a num 
ber of traits that allow the different stages in melanoma evo 
lution to be distinguished. These include: (a) morphology; (b) 
life span in culture; (c) chromosomal abnormalities; (d) 
anchorage-independent growth; (e) tumorigenicity, (f) 
expression of HLA-DR (class II HLA antigens) and intercel 
lular adhesion molecule-1 (ICAM-1) antigens; (g) response 
to the tumor promoting agent 12-0-tetradecanoyl-phorbol 
13-acetate (TPA): (h) growth factor independence in vitro: (i) 
autocrine production of basic fibroblast growth factor (bFGF) 
and () growth inhibition by cytokines (rev. 2.21.25). A limi 
tation of the melanoma progression model, however, is the 
inability to obtain from the same patient who has developed a 
primary RGP or an early VGP melanoma (less than 0.76 mm 
in thickness), a genetically related more progressed mela 
noma. Recent studies by Dr. Kerbel and colleagues (25) Sug 
gest that by appropriate manipulation (use of matrigel) and 
tumor selection in nude mice, it may be possible to sponta 
neously progress early-stage, non- or poorly tumorigenic (in 
nude mice) human melanoma cell lines to a more progressed 
tumorigenic and metastatic state. In addition, Dr. Albino and 
colleagues (20) demonstrated that normal human melano 
cytes could be progressed to a complete melanoma phenotype 
and genotype following infection with a retrovirus containing 
the viral Ha-ras oncogene. Transformed melanocytes 
acquired the full spectrum of melanoma properties and dis 
played the same cytogenetic changes occurring during mela 
noma development in vivo (20). These cell lines will prove 
useful for evaluating the biochemical and genetic changes 
involved in melanoma progression. In Summary, the ability to 
clearly define specific components of melanoma evolution 
will provide a valuable experimental model to define the 
genotypic changes mediating tumor progression. 
0418. The critical genomic changes that mediate mela 
noma development and progression remain to be defined. 
Recent studies have addressed the potential relationship 
between the expression of specific oncogenes, growth factor 
genes (in addition to basic fibroblast growth factor (bFGF)), 
growth factor receptor genes, protease genes and early 
response genes and melanoma progression (26-30). Using a 
panel of metastatic melanoma cell lines, steady state mRNA 
transcripts for several growth factors (bFGF, platelet-derived 
growth factor (PDGF)-A, PDGF-B, transforming growth fac 
tor (TGF)-?3, TGF-C. melanoma growth-stimulating activity 
(MGSA; also called gro), interleukin (IL-1C. and IL-1B) and 
early response (c-fos, c-jun and jun-B) genes have been found 
(27. 28). All of the metastatic melanoma cell lines expressed 
the bFGF gene and the majority of metastatic melanoma 
expressed c-fos, c-jun and jun-B in both serum-free and 
serum containing medium. With respect to the other growth 
factor genes tested, each metastatic melanoma displayed a 
pattern of expression that was specific and different (27). In 
contrast, two strains of normal melanocytes expressed TGF 
|B but not bFGF, PDGF, TGF-C. or MGSA mRNA at detect 
able levels (27). Although metastatic melanoma and normal 
melanocytes express c-fos, c-jun and jun-B, the expression of 
these transcripts in normal melanocytes was dependent on the 
presence of growth-promoting agents in the medium (28). In 
contrast, different levels of the early response genes were 
observed in metastatic melanoma cells grown in the presence 
or absence serum (28). In general, an increase in jun-B and 
c-fos RNA transcripts and a decrease in c-jun RNA transcripts 
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were observed in metastatic melanomas compared to neona 
tal melanocytes (28). The relevance of these differences in 
early response gene expression in metastatic melanomas 
compared to neonatal melanocytes remains to be determined. 
In a recent study, Albino et al. (30) used PCR to determine the 
level of RNA transcripts for 11 different growth factors in 19 
metastatic human melanoma cell lines and 14 normal human 
foreskin melanocyte cell lines. Transcripts for TGF-B (19 of 
19), TGF-C. (18 of 19) and bFGF (19 of 19) were found in 
metastatic melanoma but not in the normal melanocytes. In 
contrast, TGF-B and TGF-B were expressed in both meta 
static melanoma and normal melanocytes. The significance of 
these changes to melanoma progression is not apparent. 
These results suggest, however, that the differential expres 
sion of specific genes, i.e., bFGF, TGF-B, TGF-C. and pos 
sibly early response genes, may contribute to or may be 
directly related to the metastatic melanoma phenotype. 
0419. On the basis of genetic linkage analysis of familial 
melanoma, cytogenetic analysis, and various molecular tech 
niques (including RFLP analysis to identify LOH in tumor 
DNA samples and microcell gene transfer procedures) it is 
now apparent that nonrandom changes in genes on chromo 
somes 1, 6, 7 and 9 may contribute to the etiology of human 
melanoma (31-41). At this stage of analysis, at least 5 genes, 
mapping to chromosomes 1, 6, 7 and 9, appear to contribute 
to the development of malignant melanoma, and extensive 
tumor heterogeneity also implicates additional loci as con 
tributors to the malignant phenotype (rev. 38.41). A proposed 
model of tumor progression from melanocyte to metastatic 
melanoma Suggests that alterations in chromosome 1 and 9 
are early events in melanoma progression, whereas changes 
in chromosome 6 and 7 represent later stages of tumor pro 
gression (38.41). A direct demonstration of the Suppressive 
role of chromosome 6 in human melanoma has recently been 
demonstrated (37). Employing microcell mediated gene 
transfer, a normal human chromosome 6 was inserted into 
human melanoma cells (UACC-903) and shown to suppress 
transformed properties in vitro and tumorigenic potential in 
nude mice (37). Dr. Welch and colleagues have also demon 
strated that insertion of a normal human chromosome 6 into 
the C8161 human melanoma cell line results in a Suppression 
of metastatic potential, but not tumorigenic potential (42). 
The apparent discrepancy between the results of Trent et al. 
(37) and Welch et al. (42) may relate to differences between 
UACC-903 and C81 61 cells. C81 61 cells exhibit both tum 
origenic and metastatic properties in nude mice, whereas 
UACC-903 cells are tumorigenic but not metastatic in nude 
mice. This difference might mask the presence of a metastasis 
Suppressor on chromosome 6 or alternatively might Suggest 
that chromosome 6 contains both a tumor and a metastatic 
Suppressor gene. The chromosome 6 containing C8161 cells 
have also been found to differ from parental C8161 cells in 
their biological response and in gene expression after treat 
ment with IFN-B plus MEZ (43). Further studies are required 
to determine if a similar Suppression of transformed and 
tumorigenic properties can be induced by reintroduction by 
microcell mediated transfer of chromosomes 1, 7 and/or 9 
into melanoma cells containing abnormalities in these chro 
mosomes. Similarly, the mechanism by which the putative 
melanoma Suppressor gene(s) on chromosome 6, as well as 
Suppressor gene(s) located on additional chromosomes, exert 
their effects on human melanoma cells and how these genes 
regulate tumor progression remain to be determined. 
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0420 Recent studies have demonstrated the existence of at 
least 23 IFN-O. genes and pseudogenes, all of which reside 
proximal to the IFN-?3 gene that is located on locus 9p (9p22 
13) (44.45). Nonrandom alterations in specific loci on chro 
mosome 9 appear to be an early event in melanoma evolution. 
It is intriguing, therefore, that 90% (9/10) of informative 
melanoma DNAs have shown a reduction for one to five of the 
locitested in the same region as the IFN-C/B gene (41) includ 
ing a 2 to 3 megabase region on 9p21 in which a putative 
melanoma tumor-suppressor gene appears to be located (40). 
Similarly, homo- or homozygously deleted C- and B-inter 
feron genes have been found in human acute lymphoblastic 
leukemias and human malignant gliomas (44-47). This obser 
Vation is interesting, since interferons display antiprolifera 
tive activity toward both human melanoma and lymphoblastic 
leukemic cells and can be viewed therefore as tumor Suppres 
sor proteins (rev. 13). This data is compatible with the hypoth 
esis that a tumor Suppressor locus for both melanoma and 
leukemia is located on chromosome 9 and tumor Suppression 
may in specific cancers involve alterations in the interferon 
gene region. 
0421. The mechanism by which the combination of IFN 
B+MEZ induces a rapid irreversible inhibition in cellular 
proliferation and terminal differentiation in human mela 
noma cells remains to be determined. Since actinomycin D 
and cycloheximide can inhibit the induction of morphologic 
changes, growth Suppression and the induction of differen 
tiation in H0-1 cells induced by IFN-B+MEZ (49), transcrip 
tional activation or suppression of specific gene(s) following 
treatment with these agents may be the primary determinants 
of induction of differentiation. A modified subtraction 
hybridization procedure was used to identify and characterize 
the critical genes that mediate and which are associated with 
the chemical induction (49). Using this approach a series of 
cDNAs have been identified, termed melanoma differentia 
tion associated (mda) genes, which display enhanced expres 
sion in terminally differentiated human melanoma cells (49). 
Specific cDNAs have been identified which represent novel 
genes, i.e., their sequences have not been described previ 
ously in any of the DNA data bases. By using appropriate 
sense and anti-sense oligomers and expression constructs, 
studies will be conducted to determine the functional role of 
the mda genes in melanoma growth, differentiation and pro 
gression. In addition, by employing human melanoma cells 
representing specific stages in melanocytic evolution to meta 
static melanoma it will also be possible to address the rela 
tionship between states of tumor progression and Susceptibil 
ity to induction of terminal differentiation. An understanding 
of the process of terminal cell differentiation and the function 
of the mda genes could prove useful in defining the molecular 
basis of melanoma progression and in designing improved 
strategies for the therapy of malignant melanoma and other 
CaCCS. 

0422 A. Induction of Terminal Differentiation in Human 
Melanoma Cells by IFN-B Plus MEZ. 
0423 AS discussed in Background and Significance, a 
hallmark of many cancers is an inability to undergo normal 
programs of cellular differentiation. If this assumption is 
correct, and if the genetic machinery of the tumor cells could 
be reprogrammed to regain their commitment to normal dif 
ferentiation, then appropriate external stimuli could be 
employed to induce a loss of proliferative capacity and ter 
minal differentiation (5-14). In studies designed to directly 
test this hypothesis, applicants have successfully induced 
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terminal differentiation in human melanoma cells with the 
combination of recombinant IFN-?3 and the antileukemic 
compound mezerein (MEZ) (10,11,14). In contrast, the com 
bination of recombinant leukocyte interferon (IFN-O.) and 
MEZ resulted in a potentiation of growth suppression, but 
terminal differentiation was not induced, i.e., treated cells 
retained proliferative capacity (10). The combination of 
IFN-B plus MEZ was effective in inducing terminal differen 
tiation in human melanoma cells relatively resistant or sensi 
tive to the growth suppressive effects of either agent 
employed alone (10). Induction of terminal differentiation in 
the human melanoma cell line H0-1 by continuous exposure 
for 4 or 7 days to IFN-B plus MEZ was associated with: (a) a 
rapid, within 24 hr, inhibition in proliferation (FIG. 12) (10. 
11); (b) a profound alteration in cellular morphology (treated 
cells displayed dendrite-like processes) (FIG. 13) (10); and 
(c) an induction (in melanotic melanoma) or an increased 
synthesis (in melanotic melanoma) of melanin, a marker of 
melanoma cell differentiation (10). By employing varying 
doses of IFN-B and MEZ and different treatment schedules 
(24 hr, 4 days and/or 7 days), it has been possible to separate 
the chemical-induction of melanoma differentiation into 
three stages. These include an early completely reversible 
induction phase (low doses of inducing agents for 4 or 7 
days), a late partially reversible-induction phase (higher 
doses of inducing agents for 4 days), and an irreversible 
terminal-differentiation phase (specific doses of inducing 
agents for 24 hr, 4 days or 7 days)) (10-14). 
0424. In contrast to IFN-B plus MEZ that induces an irre 
versible loss in proliferative capacity and terminal differen 
tiation in the human melanoma cell line HO-1, the combina 
tion of IFN-B plus IFN-Y induces enhanced growth 
suppression without terminal differentiation (12, 14, 50). In 
addition, IFN-?3 plus IFN-Y also fail to induce an increase in 
melanin synthesis in H0-1 cells (50). 
0425. When treated with trans retinoic acid (RA), both 
melanin levels and tyrosinase levels are increased in HO-1 
cells, but growth is not suppressed (14.51). Exposure to 3 uM 
mycophenolic acid (MPA) for 96 hr results in growth inhibi 
tion, morphologic changes, enhanced melanin synthesis and 
enhanced tyrosinase activity in H0-1 cells (14,51). However, 
these affects are reversible when H0-1 cells treated with 3 uM 
MPA for 4 days are then grown in the absence of MPA for an 
additional 7 days (14). These results suggest that at the dose 
and time-interval used, MPA (alone or in combination with 
MEZ) induces a reversible-induction of differentiation in 
HO-1 cells and not terminal differentiation. The effect of 
different agents on growth and the properties of H0-1 cells is 
summarized in Table 2 (14). 

TABLE 2 

Experimental Morphology Melanin Tyrosinase 
Conditions changes Synthesis activity 

RA (2.5 M) 1+ 2+ 
MPA (3.0 LM) -- 2+ 3+ 
MEZ -- 1+ NT 
(10 ng/ml) 
IFN-B 1+ NT 
(2000 U/ml) 
IFN-y NT 
(2000 U/ml) 
RA - MEZ -- NT NT 

(2.5 M + 
10 ng/ml) 
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TABLE 2-continued 

MPA - MEZ -- NT NT 

(3.0 M + 
10 ng/ml) 
IFN-B + IFN-y 1+ NT 
(1000 U/ml + 
1000 U/ml) 
IFN-B + MEZ -- 4+ NT 
(2000 U/ml + 
10 ng/ml) 

Growth 
Suppression 
(reversible) 

Terminal cell 
differentiation? 

Experimental 
conditions 

RA (2.5 M) 
MPA (3.0 LM) 
MEZ 1+ 
(10 ng/ml) 
FN-B 3+ 
(2000 U/ml) 
FN-y 2+ 
(2000 U/ml) 
RA - MEZ 1+ 

(2.5 M + 
Ong/ml) 
MPA - MEZ 3+ 

Ong/ml) 

000 U/ml) 
FN-B + MEZ 4-3 -- 
(2000 U/ml+ 
Ong/ml) 

HO-1 cells were grown for 96 hr or for 6 or 7 days (with medium changes 
after 3 or 4 days) in the presence of the agents indicated. For morphology, 
cells grown for 96 hr in the test agent were observed microscopically. For 
melanin synthesis, results are for 6 day assays for RA and MPA (51) or 7 
day assays for MEZ, IFN-B, IFN-y, IFN-B+ IFN-Y and IFN-B + MEZ (10, 
50). For tyrosinase assays, results are for 6 day assays for RA, MPA and 
MEZ (51).Growth suppression (reversible and terminal cell differentiation) 
assays, refer to cultures treated with the indicated compound(s) for 96 hr 
prior to cell number determination, or treated for 96 hr and then grown for 2 
weeks (with medium changes every 4 days) in the absence of compound 
prior to cell number determination. 
Morphology changes refer to the development of dendrite-like processes 96 
hr after growth in the indicated compound. + = presence of dendrite-like 
processes; - = no dendrite-like processes. 
Melanin assays were determined as described in refs. 10, 50, 51. Results are 
expressed as relative increases based on separate data presented in refs. 10, 
50, 51. N.T. = not tested. 
Tyrosinase assays were performed as described in ref. 11. Relative 
increases (of a similar magnitude) were found for RA, MPA and MEZ after 
6 days exposure to these agents (51). N.T. = not tested. 
Reversible growth suppression indicates resumption of cell growth after 
treatment with the indicated compound(s) for 96 hr, removal of the test agent 
and growth for 14 days in compound(s) free medium. Further details can be 
found in ref. 14. The degree of initial 96 hr growth suppression is indicated 
as: - = no significant change in growth (<10% reduction in growth in com 
parison with untreated control cultures); 1 + = ~30% reduction in growth 
incomparison with untreated control cultures; 2+ = ~40% reduction in 
growth in comparison with untreated control cultures: 3+ = ~50 to 60% 
reduction in growth in comparison with untreated control cultures; 4+ = 
80% reduction in growth in comparison with untreated control cultures. 

The combination of IFN-B + MEZ results in irreversible growth suppres 
Sion. 
*Terminal cell differentiation indicates the loss of proliferative capacity after 
treatment with the indicated compound(s) for 96 hr, removal of the test agent 
and growth for 14 days in compound(s) free medium. Further details can be 
found in (14). 

0426. The studies briefly described above indicate that 
changes in growth, morphology, melanin synthesis and tyro 
sinase activity can be dissociated from the induction of ter 
minal differentiation in HO-1 melanoma cells. However, the 
irreversible loss of proliferative capacity and terminal differ 
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entiation resulting from treatment with IFN-B plus MEZ 
appear to be correlated phenomena. Employing the various 
agents described above it will be possible to determine which 
gene expression changes are related to the various compo 
nents of the differentiation process in human melanoma cells. 
0427 Monoclonal antibodies (MAbs) have recently been 
developed which recognize a series of hnRNP proteins, des 
ignated P2Ps, which display a marked reduction in both 3T3T 
cells and human keratinocytes induced to terminally differ 
entiate (52.53). In contrast, P2Ps are present in cells that have 
retained the ability to traverse the cell cycle, including cells 
reversibly growth arrested. A loss of P2Ps is also observed in 
cells that have irreversibly lost proliferative potential as a 
consequence of Senescence, as well as induction of terminal 
differentiation (52.53). In contrast, 3T3T cells transformed 
by SV40 do not undergo the terminal step of differentiation 
and these cells also do not show a suppression of P2P expres 
sion (52). These results support the concept that P2Ps may be 
directly linked to proliferative capacity of cells and may prove 
useful as a general marker for terminal cell differentiation. In 
collaboration with Dr. Robert E. Scott (University of Tennes 
See Medical Center, Memphis, Tenn.) applicants have begun 
to determine the level of P2Ps in human melanoma cells 
induced to terminally differentiate by exposure to IFN-B plus 
MEZ and MPA plus MEZ (FIG. 14). When induced to termi 
nally differentiate, a reduction in P2Ps was apparent in sev 
eral independent human melanoma cell lines (data from FO-1 
human melanoma cells is shown in FIG. 14). In contrast, 
employing human melanocytes immortalized by the SV40 
T-antigen gene (54), IFN-B plus MEZ did not induce terminal 
differentiation or a reduction in P2Ps, whereas MPA plus 
MEZ resulted in a loss of proliferative capacity and a reduc 
tion in P2Ps. In both F0-1 and FM516 SV cells, treatment 
with IFN-?3, MEZ or MPA alone did not reduce P2Ps even 
though growth was suppressed (data not shown). Induction of 
terminal differentiation by IFN-B+MEZ in HO-1 cells 
resulted in a loss of P2Ps, whereas either agent employed 
alone did not reduce P2P levels (data not shown). Although 
these results are preliminary, they suggest that the chemical 
induction of terminal differentiation and the irreversible loss 
of proliferative capacity in human melanoma cells is associ 
ated with a reduction in P2Ps. 

0428 B. Gene Expression Changes Induced in Human 
Melanoma Cells Displaying Reversible Growth Suppression, 
Reversible Commitment to Differentiation and Terminal Cell 
Differentiation. 

0429 Applicants have begun to determine the spectrum of 
gene expression changes associated with growth suppression, 
morphologic alterations, increased melanin synthesis, 
enhanced tyrosinase activity and/or induction of terminal dif 
ferentiation in human melanoma cells (12-14). The agents 
applicants have chosen result in reversible growth Suppres 
Sion, induction of melanin synthesis, morphologic alter 
ations, enhanced tyrosinase activity, induction of a reversible 
commitment to differentiation or terminal differentiation 
with a concomitant loss of proliferative capacity in HO-1 
melanoma cells (Table 2). The genes applicants have cur 
rently analyzed include: early response genes (c-fos, c-myc, 
c-jun, jun-B, jun-D and gro/MGSA) (14); interferon stimu 
lated genes (ISG-15, ISG-54, HLA Class I and HLA Class II) 
(13, 14); cell adhesion molecules (P-cadherin, E-cadherin, 
N-cadherin and N-CAM) (14); extracellular matrix genes 
(fibronectin (FIB) and tenascin) (12, 14); cell surface pro 
teoglycans/matrix receptors (syndecan, B integrin (major 
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FIB receptor subunit), C.s integrin (major FIB receptor sub 
unit)) (14); cytoskeleton genes (tropomyosin-1, y-actin and 
B-actin) (14); and a housekeeping gene (GAPDH) (14). Using 
the gene probes indicated above, no unique gene expression 
change was found which only occurred in terminally differ 
entiated HO-1 cells. These results indicate that commitment to 
differentiation and terminal differentiation in HO-1 mela 
noma cells is associated with specific patterns of overlapping 
gene expression changes. As will be discussed below, an 
interesting change in gene expression observed in both HO-1 
cells committed to differentiate and induced to terminally 
differentiate was the induction and enhanced expression of 
type I interferon responsive genes and the gro/MGSA gene. 
These results have led to the hypothesis that specific autocrine 
feedback loops may contribute or are associated with the 
differentiation process in human melanoma cells. 
0430 C. Changes in Cell Cycle and Early Immediate 
Response Genes During the Induction of Terminal Differen 
tiation in Human Melanoma Cells. 

0431. As discussed above, treatment of H0-1 cells with the 
combination of IFN-B+MEZ results in growth suppression 
that is apparent by 24 hr following exposure to these inducing 
agents (FIG. 12) (10, 14). This system has been used to 
evaluate the effects of the different inducers, alone and in 
combination, on the expression of cell cycle regulated genes, 
including cdc2, cyclin A, cyclin B, histone 1, histone 4, pro 
liferative cell nuclear antigen (PCNA), c-myc, p53 and Rb. 
These studies can be summarized as follows: (a) A reduction 
in cdc2 and histone 1 was apparent under all treatment con 
ditions. 

0432. This effect was observed after 24 hr and was most 
dramatic in cells treated for 96 hr., (b) c-myc expression was 
marginally decreased by 24 hr treatment with MEZ and IFN 
B+MEZ, whereas significant suppression was observed by 96 
hr especially in IFN-B+MEZ treated H0-1 cells; (c) Both 
PCNA and p53 gene expression was reduced only in cells 
treated with IFN-?3+MEZ; and (d) Rb levels remained 
unchanged following any of the treatment protocols. In the 
case of cdc2 and histone 1, IFN-B+MEZ resulted in a 
decreased rate of transcription of these genes. Similarly, IFN 
B+MEZ decreased the stability of the cdc2 and histone 1 
mRNAs. Analysis of cell cycle distribution by FACS analysis 
indicated that both MEZ and IFN-?3+MEZ reduced the num 
ber of H0-1 cells undergoing DNA synthesis by 48-hour 
treatment. The most effective inhibitor of DNA synthesis in 
H0-1 cells was IFN-B+MEZ. These results indicate that the 
induction of terminal differentiation in H0-1 cells by IFN-B+ 
MEZ is associated with a Suppression in specific cell cycle 
related genes that occur at both a transcriptional and a pos 
transcriptional level. 
0433 c-fos, c-jun and jun-B expression were superin 
duced in H0-1 cells treated with cycloheximide and IFN-B+ 
MEZ, indicating that these genes are immediate early 
response genes. Differences in the temporal kinetics of induc 
tion and the mechanism of enhanced expression were appar 
ent between these early response genes in differentiation 
inducer treated H0-1 cells (55). In the case of c-fos, IFN-B+ 
MEZ induced an increase in transcription of c-fos mRNA that 
was apparent after 1, 6 and 24 hr, but not after 96 hr treatment 
(55). In the case of c-jun, increased mRNA was apparent after 
1, 6, 24 and 96-hour treatment with IFN-B+MEZ. These 
changes in c-jun level did not involve increased transcription, 
but instead resulted from an increase in half-life of the c-jun 
transcripts (55). In the case of jun-B, IFN-B+MEZ increased 
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both the transcription and steady-state levels of RNA after 1 
and 24-hour treatment. High levels of jun-B mRNA were also 
apparent in H0-1 cells induced to terminally differentiate 
after treatment with IFN-B+MEZ. The continued increase in 
c-jun and jun-B mRNA levels in terminally differentiated 
H0-1 cells suggests that these genes may contribute to main 
tenance of the terminal differentiation phenotype (55). 
0434 D. Autocrine Loops Induced in Human Melanoma 
Cells Treated with IFN-?3 Plus MEZ. 
0435. As indicated above, continuous treatment with IFN 
B+MEZ for 96-hour results interminal differentiation in HO-1 
human melanoma cells. This process correlates with specific 
patterns of gene expression changes, including the induction 
of two interferon stimulated genes, ISG-15 and ISG-54, and 
melanocyte growth stimulatory activity (gro/MGSA) (14). 
These observations Suggested the possibility that induction of 
a reversible commitment to differentiation and terminal dif 
ferentiation might be associated with the production of dif 
ferentiation promoting factors (DPFs) (possibly including 
IFN-B or an IFN-?-like cytokine and melanoma growth 
stimulatory activity (gro/MGSA)). These DPFS could then 
induce by an autocrine mechanism the transcription and 
steady-state mRNA expression of interferon stimulated genes 
(ISG) and the gro/MGSA gene in H0-1 cells reversibly com 
mitted to differentiation or terminally differentiated. To fur 
ther explore the relationship between treatment time and 
induction of differentiation and to test the autocrine hypoth 
esis, applicants performed two types of experiments. In the 
first set of studies (In-Out), H0-1 cells were treated with 
various agents (including IFN-B+MEZ, MPA+MEZ. 
RA+MEZ and MEZ (at a high dose of 50 ng/ml) for 24 hr, 
cells were washed 2x with DMEM without FBS, DMEM 
containing 10% FBS was added to cultures and total cyto 
plasmic RNA was isolated 72 hours later. For the second set 
of experiments (Conditioned-Medium), cells were processed 
as indicated above for In-Out experiments except after 72 
hour growth in the absence of inducer, medium was collected 
(and contaminating cells were removed by centrifugation). 
0436. Using the In-Out and Conditioned-Medium proto 
cols it was demonstrated that: (a) At the doses employed, 
IFN-B+MEZ is a more potent inducer of gene expression 
changes and the only combination capable of inducing termi 
nal differentiation in H0-1 cells; and (b) Conditioned medium 
from H0-1 cells reversibly committed to differentiate or ter 
minally differentiated by IFN-B+MEZ induce specific pro 
grams of gene expression changes in H0-1 cells that are 
similar to those induced directly by the inducing agents (14). 
In addition, conditioned medium from IFN-B+MEZ treated 
H0-1 cells also induces morphologic changes and Suppresses 
growth when added to HO-1 or F0-1 human melanoma cells 
(data not shown). These results support the hypothesis that 
induction of terminal differentiation in HO-1 melanoma cells 
is associated with specific changes in gene expression, some 
of which may be mediated by or associated with an autocrine 
feedback mechanism. 

0437 E. Cloning of Melanoma Differentiation Associated 
(mda) Genes Induced in H0-1 Melanoma Cells Treated with 
IFN-B Plus MEZ. 
0438. The ability to identify and isolate differentially 
expressed genes between two similar or different cell types is 
now readily achievable using subtraction hybridization (rev. 
57, 58). A procedure for constructing subtracted libraries 
have been developed that is both sensitive and efficient (49). 
The application of this approach for the identification of 
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genes differentially expressed in H0-1 cells treated with 
IFN-B plus MEZ is outlined in FIG. 8. Tester and driver 
cDNA libraries are directionally cloned into the commer 
cially available Uni-ZAP phage vector. Subtraction hybrid 
ization is then performed between double-stranded tester 
DNA and single-stranded driver DNA prepared by mass exci 
sion of the libraries. The subtracted cDNAs are efficiently 
cloned into the Uni-ZAP phage vector that can be easily 
managed for both screening and gene characterization. The 
applicability of the procedure was demonstrated by the iden 
tification of cDNAs displaying enhanced expression in 
human melanoma cells, H0-1, induced to terminally differ 
entiate by treatment with IFN-?3+MEZ (FIG. 10). A single 
round of subtraction of untreated H0-1 control (Ind) cloNAS 
from IFN-?3+MEZ treated (Ind) cDNAs generated a series of 
cDNAs displaying differential expression in untreated versus 
differentiation inducer-treated H0-1 cells, termed melanoma 
differentiation associated (mda) cDNAs. Employing the 
approach briefly described above, a total of 23 differentially 
expressed mda cDNAs have been isolated which represents 
only a portion of the subtracted H0-1 IFN-?3+MEZ cDNA 
library. Partial sequence analysis of these 23 mda genes 
resulted in the identification of known genes, including a 
human TPA-inducible gene, the human apoferritin H gene, 
the IFP-53 (gamma-2 protein) gene, the IL-8 (monocyte 
derived chemotactic factor) gene, the vimentin gene, the 
hnRNPA2 protein gene, human macrophage inflammatory 
protein (GOS19-1) and the IFN-B-inducible gene ISG-56. In 
addition, 6 cDNAs have been identified which do not have 
sequences previously reported in any of the gene databases. 
As predicted based on the Subtraction protocol employed, 
some of the mda genes are induced within 24 hours by: IFN-f 
and IFN-B+MEZ (e.g., mda-1 and mda-2); MEZ and IFN-B+ 
MEZ (e.g., mda-3); IFN-E, MEZ and IFN-B+MEZ (e.g., 
mda-4); and only by IFN-B+MEZ (e.g., mda-5 and mda-6) 
(FIG. 10). A potentially important group of mda genes is 
represented by cDNAS displaying significantly enhanced 
expression in H0-1 cells treated with IFN-B+MEZ for 96 
hours and displaying terminal cell differentiation, i.e., mda-5, 
mda-6, mda-7 and mda-9 (all representing novel genes) (FIG. 
15). Additional mda cDNAs which may prove of value in 
understanding growth control in human melanoma cells have 
been identified which are expressed in both terminally differ 
entiated H0-1 cells and H0-1 cells induced to undergo a 
reversible suppression in growth by treatment with IFN-B+ 
IFN-Y, i.e., mda-4, mda-5, mda-7 and mda-8 (FIG. 15). 
Increased expression of a number of mda genes following 
treatment with IFN-B+MEZ are not restricted to H0-1 cells, 
since increased mda gene expression is also induced in addi 
tional human melanomas induced to terminally differentiate 
by treatment with IFN-B+MEZ (data not shown). The studies 
described above indicate the feasibility of using subtraction 
hybridization to identify genes that may directly mediate or 
represent markers of terminal differentiation in human mela 
noma cells. 

0439 F. Gene Expression Changes induced in the C8161 
Melanoma Cells and Chromosome 6 Microcell C8161 
Hybrids. 
0440 Recent studies by Welch et al. (42) indicate that 
insertion of a normal chromosome 6 (by the microcell chro 
mosome replacement technique) into the C8161 human mela 
noma cell line results in a Suppression of metastatic, but not 
tumorigenic potential in nude mice. Treatment of C8161 cells 
for 4 or 7 days with IFN-?3+MEZ (1000 units/ml+10 ng/ml) 
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results interminal cell differentiation. In contrast, under simi 
lar conditions, C8161 cells containing chromosome 6 (Clone 
6.1, 6.2 and 6.3) display morphological changes and growth 
Suppression but cells retain proliferative potential, i.e., the 
combination of agents induces a reversible commitment to 
differentiation as opposed to terminal differentiation. A lack 
of terminal differentiation in 6.1, 6.2 and 6.3 cells was dem 
onstrated by removing the test agents and growth in inducer 
free medium (data not shown). Analysis of gene expression in 
parental C8161 and 6.1, 6.2 and 6.3 cells indicated differ 
ences that correlated with the presence of a normal chromo 
Some 6. Specific differences in gene expression after 4 days 
incubation with IFN-B and MEZ, alone and in combination, 
include: (a), induction of IL-8 mRNA (which was identified 
as an mda cDNA in H0-1 cells treated with IFN-B+MEZ) in 
MEZ and IFN-B+MEZ treated C8161 cells, but not in 6.1, 6.2 
or 6.3 cells; (b) induction of HLA Class I antigen mRNA by 
IFN-B, MEZ and IFN-?3+MEZ in C8161, but only by IFN-f 
and IFN-B+MEZ in 6.1, 6.2 and 6.3 cells; and (c) reduced 
induction of ISG-15 expression in C8161 cells versus 6.1, 6.2 
and 6.3 cells treated with IFN-B and IFN-B+MEZ. The stud 
ies briefly described above indicate that IFN-B+MEZ is more 
effective in inducing terminal differentiation in the less dif 
ferentiated metastatic C8161 melanoma cells than the more 
differentiated 6.1, 6.2 and 6.3 cells. This model system should 
prove useful in determining the role of specific mda genes in 
expression of the tumorigenic and metastatic phenotype by 
human melanoma cells. 

0441. Design and Methods 
0442 A. Specific Aim #1: Determine the pattern and regu 
lation of expression of the melanoma differentiation associ 
ated (mda) genes in melanocytes, nevi, radial growth phase 
melanoma, Vertical growth phase melanoma and metastatic 
melanoma cells. 

0443 
0444 Applicants have tested the hypothesis that human 
melanoma cells display aberrant patterns of differentiation 
and by appropriate chemical treatment they can be induced to 
undergo an irreversible loss in proliferative capacity without 
a loss of viability, i.e., terminal cell differentiation (10,11,14). 
Using the combination of IFN-B+MEZ applicants have dem 
onstrated that the reprogramming of human melanoma cells 
to terminally differentiate can be achieved in vitro (10,11,14). 
On the basis of a second hypothesis, i.e., terminal differen 
tiation is associated with the selective activation of specific 
programs of gene expression, applicants have developed and 
used a modified subtraction hybridization protocol to identify 
genes displaying enhanced expression under conditions 
resulting in terminal cell differentiation (49). These studies 
have resulted in the cloning of a series of genes, termed 
melanoma differentiation associated (mda) genes, which dis 
play such specificity. The purpose of the studies to be 
described below are to: (a) characterize the mda genes with 
respect to their level of regulation in H0-1 melanoma cells, 
i.e., transcriptional versus posttranscriptional mechanisms of 
induction; (b) determine if the expression of specific mda 
genes correlate with a defined stage in melanoma develop 
ment; (c) continue screening our subtracted IFN-B+MEZ 
cDNA library to identify additional mda genes which display 
enhanced expression in growth arrested and terminally dif 
ferentiated human melanoma cells; and (d) use additional 
Subtraction steps to enrich for genes only expressed at high 
levels in H0-1 cells induced to terminally differentiate. 

1. Rationale and General Approach: 
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0445 (a) Defining the level of regulation of mda genes in 
H0-1 cells treated with IFN-?3+MEZ: Initial studies will focus 
on the mechanism by which IFN-B+MEZ increases the 
expression of cloned mda genes that are significantly upregu 
lated (4- to >20-fold) by this combination of inducing agents 
in H0-1 cells. The genes to be analyzed will include mda-5, 
mda-6, mda-7, mda-8 and mda-9 described in Preliminary 
Studies, which represent novel IFN-?3+MEZ-inducible genes 
not previously reported in the Gene Bank or the EMBL gene 
data base. The order of experiments will include: (1) deter 
mining the temporal kinetics of induction of the mda genes; 
(2) determining if the level of induction of specific mda genes 
occurs at a transcriptional level; (3) determining if any of the 
mda genes are immediate early (primary) response genes; and 
(4) determining if differentiation results in an altered stability 
of the mda transcripts. 
0446 (i) The screening strategy used to identify the mda 
genes involved Northern hybridization analysis of RNA iso 
lated from H0-1 cells treated with IFN-B, MEZ or IFN-B+ 
MEZ for 24hr (49). Previous studies indicated that exposure 
to IFN-?3+MEZ for 24hr resulted in a number of gene expres 
sion changes also observed in H0-1 cells induced to termi 
nally differentiate after 4 days exposure to this combination 
of agents (Preliminary Studies) (14). mda genes displaying 
increased expression in H0-1 cells after 24 hr treatment with 
IFN-B+MEZ were subsequently evaluated for enhanced 
expression after 4 days treatment with the inducers. mda-5, 
mda-6, mda-7, mda-8 and mda-9 genes displayed enhanced 
expression in H0-1 cells treated with IFN-B+MEZ for 24 or 
96 hr. These results indicated that increased expression of the 
mda genes occurred within the first 24 hr of treatment and 
enhanced expression persisted during terminal cell differen 
tiation. To determine if any of the mda genes becomes acti 
vated after a short exposure to the inducing agents, temporal 
kinetic studies will be performed. H0-1 cells will be treated 
for short-time periods (15, 30, 45, 60 and 120 min) with 
IFN-B, MEZ and IFN-B+MEZ, cytoplasmic RNA will be 
isolated, electrophoresed on 0.6 agarose gels, transferred to 
nylon filters and sequentially hybridized with the various mda 
genes and lastly with GAPDH (as a control for equal RNA 
levels under the various experimental conditions) (14). RNA 
from cells treated with the inducers will also be isolated every 
2 hr over a 48 hr period to determine if any cell cycle kinetic 
changes occur in expression of the mda genes. An important 
question that also will be addressed is whether continued 
expression of any of the mda genes is required for mainte 
nance of the terminal differentiation phenotype. This will be 
determined by analyzing RNA isolated from H0-1 cells 
treated with IFN-B+MEZ: continuously for 7 days (cells are 
terminal, but still viable); for 4 days followed by incubation in 
growth medium without inducers for an additional 10 days 
(cells remain terminal); and after 10 days in cells treated for 
24 hr followed by growth in inducer-free medium (cells 
regain proliferative potential, i.e., they display a reversible 
commitment to terminal differentiation). 
0447 (ii) The studies described above will indicate if any 
of the mda genes is induced early after exposure to IFN-B+ 
MEZ. To determine if IFN-?3+MEZ induce expression of any 
of the mda genes by increasing their rates of transcription, 
nuclear run-on assays will be performed as described previ 
ously (55,58,59). Brief Description of Protocol: Nuclei will 
be isolated from H0-1 cells either untreated (control) or 
treated for 1, 6 and 24 hr with IFN-B (2000 units/ml), MEZ 
(10 ng/ml) or IFN-B+MEZ (2000 units/ml+10 ng/ml). RNA 
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transcripts previously initiated by RNA polymerase II will be 
allowed to elongate in the presence of 'P UTP. Nuclear 
RNA will be isolated, purified by passing through a G-50 
sephadex column followed by denaturing with 0.1M NaOH 
for 5 minonice (55). Labeled nuclear RNA will behybridized 
to nitrocellulose dot filters containing 2 ug of plasmid DNA 
containing the mda genes, GAPDH DNA or p3R322DNA 
(negative control) which has been denatured by boiling in 
0.1M NaOH for 15 min followed by dilution with cold 2M 
NaCl (55). 
0448 (iii) c-fos, c-jun and jun-Bare immediate early (pri 
mary) response genes, i.e., induction is not dependent on new 
protein synthesis, but rather utilizes existing transcription 
factors, in IFN-B+MEZ treated H0-1 cells (55). To determine 
if any of the mda genes is an immediate early (primary) 
response gene, experiments using the protein synthesis 
inhibitor cycloheximide will be performed (55). Brief 
Description of Protocol: Approximately 2x10 H0-1 cells 
will be untreated or treated with IFN-B (2000 units/ml), MEZ 
(10 ng/ml) or IFN-?3+MEZ (2000 units/ml+10 ng/ml) for 1 hr 
in the absence and presence of 50 g/ml cycloheximide 
(added 15 min prior to any other additions) (55). Total RNA 
will be isolated, electrophoresed in 0.6% agarose, transferred 
to nitrocellulose filters and hybridized sequentially with the 
mda genes and lastly with GAPDH (14,49, 60). By definition, 
if any of the mda genes are immediate early response genes 
they will be induced within 1 hour by IFN-B+MEZinboth the 
absence and presence of cycloheximide. Another indication 
that the mda genes are primary response genes would be the 
phenomenon of Superinduction, i.e., the massive over-accu 
mulation of immediate early response transcripts which occur 
when cells are treated simultaneously with an inducer and 
protein synthesis inhibitors (55,61,62). 
0449 (iv) The ability of IFN-B+MEZ to increase c-jun 
expression does not involve an increase in transcription, but 
rather results from an increase in the stability of c-jun mRNA 
(55). To determine if IFN-B+MEZ alters the expression of 
specific mda genes by a posttranscriptional mechanism, stud 
ies using the transcription inhibitor actinomycin D will be 
performed (55). Brief Description of Protocol: Approxi 
mately 2x10 H0-1 cells will be untreated or treated with 
IFN-B (2000 units/ml), MEZ (10 ng/ml) and IFN-B+MEZ 
(2000 units/ml+10 ng/ml) for 24 hr followed by no addition or 
the addition of actinomycin D (5 g/ml) for 30 min, 1 hr., 2 hr 
and 3 hr prior to RNA isolation (55). The RNAs will be 
analyzed by Northern hybridization and probing with the 
different mda genes or GAPDH (14,49.55). Radioautograms 
will be scanned using a densitometer to quantitate cellular 
RNA levels (55). These studies will indicate if IFN-B+MEZ 
can alter the stability, i.e., the half-life, of any of the mda gene 
transcripts. 
0450 Summary: These studies will indicate if mda-5, 
mda-6, mda-7, mda-8 or mda-9 are primary response genes 
and if their enhanced expression in human melanoma cells 
treated with IFN-B+MEZ results from a transcriptional and/ 
or a posttranscriptional mechanism. 
0451 (b) Analysis of mda gene expression during the pro 
cess of melanoma development: A basic tenet of our terminal 
differentiation hypothesis is that the mda genes may represent 
genes normally expressed or expressed at higher levels in 
melanocytes and/or in the early stages of melanoma develop 
ment, i.e., nevi, early radial growth phase (RGP) primary 
melanoma and/or early vertical growth phase (VGP) primary 
melanoma. If this concept is correct, then a prediction would 
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be that specific mda genes would display reduced expression 
in late VGP melanoma and metastatic melanoma versus mel 
anocytes, nevi and early stage melanomas. Support for this 
hypothesis comes from preliminary studies indicating that 
SV40-transformed human melanocytes express high levels of 
mda-5, mda-6 and mda-7 mRNA in the absence and in the 
presence of IFN-B+MEZ (data not shown). To directly test 
this hypothesis applicants will analyze RNA obtained from 
cell cultures of melanocytes, dysplastic nevi (DN 91D, DN 
(MM92E)), RGP melanoma (WM35), early VGP melanoma 
(WM 793, WM902b), advanced VGP melanoma (WM 983a, 
WM 115) and metastatic melanomas (WM9, MeWo, SK 
MEL 28, WM 239) (1,16.21.22.27) (to be supplied by Dr. 
Meenhard Herlyn). Applicants realize that cell cultures may 
not always reflect processes occurring in Vivo, however, cell 
cultures will provide an initial indication of which mda genes 
to emphasize using in situ hybridization approaches with 
clinical specimens of melanocytes, pre-malignant skin 
lesions, primary melanoma and metastatic melanoma. The 
procedures to be used for in situ hybridization with oligo 
nucleotide probes will be as described by Reed et al. (63) and 
Biroc et al. (64) (to be performed in collaboration with Dr. 
Anthony P. Albino, Memorial Sloan-Kettering Cancer Cen 
ter, New York). In the studies by Reed et al. (63) in situ 
hybridization with a basic fibroblast growth factor (bFGF) 
oligonucleotide has been Successfully used to determine dif 
ferential expression of bFGF in melanocytic lineage tissue 
specimens. As an additional approach for determining mda 
gene expression in clinical specimens, RNA isolated directly 
from patient samples displaying different stages of melanoma 
evolution (to be supplied by Dr. Herlyn) will be evaluated by 
Northern analysis (14,49) and where necessary to increase 
sensitivity of detection by RT-PCR analysis (65) for expres 
sion of the mda genes. In previous studies analyzing expres 
sion of the epidermal growth factor receptor, a wide spectrum 
of human central nervous system tumors obtained from 
patients was evaluated (66). This study clearly indicated that 
intact and high-quality RNA could be obtained efficiently 
from patient material and utilized for comparative gene 
expression studies. 
0452. As indicated in Background and Significance, meta 
static melanoma cells are often inhibited in their growth by 
TPA (or MEZ), whereas the in vitro growth of normal mel 
anocytes and nevi are stimulated by TPA (or MEZ) (1,15,16, 
20-23). Similarly, many metastatic melanoma cell lines are 
growth inhibited by IFN-? (8,13-15), whereas under optimal 
growth conditions normal melanocytes are not growth inhib 
ited by IFN-B (even though TPA is incorporated in the growth 
medium) (15). These results indicate that progression from 
melanocyte to malignant melanoma involves a change in 
responsiveness to both TPA (or MEZ) and IFN-?3. Based on 
these observations, it would be predicted that a stage-specific 
effect will be observed in melanocyte lineage cells exposed to 
the combination of IFN-B+MEZ. If this effect is observed, it 
will provide a direct test of the potential involvement of the 
mda genes in the process of growth inhibition and terminal 
differentiation resulting from treatment with IFN-?3+MEZ. 
The melanocyte lineage cell lines, i.e., melanocyte, dysplastic 
nevus, RGP primary melanoma, early VGP primary mela 
noma, advanced VGP melanoma and metastatic melanoma 
(supplied by Dr. Meenhard Herlyn, Wistar Institute, Philadel 
phia, Pa.), will be used to directly determine: (1) if the com 
bination of IFN-B+MEZ displays a stage-specific growth 
inhibitory effect and the induction of terminal differentiation; 
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and (2) if the induction of growth Suppression and/or the 
induction of terminal differentiation in stage-specific mel 
anocyte lineage cells correlates with changes in the expres 
sion of specific mdagenes. These studies will be conducted as 
described previously (10,14). Brief Description of Protocols: 
For growth studies: cells will be seeded at 2.5 or 5x10' 
cells/35 mm plate; 24 hr later the medium will be changed 
with no additions (Control), 1000 and 2000 units/ml of IFN 
B, 1, 10 and 50 ng/ml MEZ and combinations of IFN-B+ 
MEZ; cell numbers will be determined daily (with a medium 
change at day 4) over a seven day period. For reversibility 
studies, cells will be treated for 24 hr or 4 days with the 
different inducers followed by growth in inducer free medium 
for an additional 7 to 14 days at which time cell numbers will 
be determined. RNA will be isolated from cells treated for 24 
hr, 4 days and 7 days and analyzed by Northern blotting 
hybridization for expression of the mda genes as described 
previously (14). Biochemical markers for growth Suppression 
and differentiation will include: an analysis of P2P levels 
using appropriate monoclonal antibodies and Western blot 
ting analysis (Preliminary Studies) (52.53); antigenic mark 
ers, such as the GD3 ganglioside and Class II MHC, and 
fluorescence activated cell sorter analysis as described previ 
ously (50, 67,68); and a determination of melanin levels as 
described previously (69). 
0453 Studies designed to identify stage-specific effects of 
IFN-B+MEZ and the role of the mda genes in growth sup 
pression and terminal cell differentiation in melanocyte lin 
eage cells will be aided by using three recently described 
model systems. These will include: (A) the transformed 
human melanocyte cell lines 10Wras/early and 10Wras?late 
(supplied by Dr. Anthony P. Albino, Memorial-Sloan Ketter 
ing Cancer Center, NY, N.Y.) (20); (B) the metastatic human 
melanoma cell line C8161 and the tumorigenic but non-meta 
static C8161 clones containing a normal human chromosome 
6 (supplied by Dr. Dan Welch, Milton S. Hershey Medical 
Center, Hershey, Pa.) (42.43); and (C) RGP or early VGP 
primary human melanomas (WM 35, WM 1341B and WM 
793) which have been selected by injection with matrigel in 
nude mice for a more progressed tumorigenic and metastatic 
phenotype (e.g., 35-P1-N1, 35-P1-N2.35-P1-N3, 1341-P1 
N1, 1341-P1-N2, 1341-P2-N1 etc. (cell line: passage num 
ber; nude mouse number)) (supplied by Dr. Robert S. Kerbel, 
Sunnybrook Medical Center, Toronto, Canada) (25.70). The 
1OWras/early and 10Wras/late cells are human melanocytes 
transformed by a retrovirus containing the viral Ha-ras onco 
gene which display specific traits associated with melanoma 
progression (20). 10Wras/early cells display TPA depen 
dence, are nontumorigenic in nude mice, and express many of 
the antigenic markers present in normal melanocytes (20). In 
contrast, the 10Wras/late cells are inhibited by TPA, tumori 
genic in nude mice, contain many of the cytogenetic changes 
seen in metastatic melanoma (including modifications in 
chromosome 1, 6 and 9) and express many of the same growth 
factor genes as metastatic human melanoma (20). As dis 
cussed in Preliminary Studies, applicants have begun to ana 
lyze gene expression changes in IFN-B+MEZ treated C8161 
cells and C8161 cells containing a microcell-transferred nor 
mal chromosome 6 (6.1, 6.2 and 6.3). Unlike C8161 cells, 6.1, 
6.2 and 6.3 cells are not metastatic in nude mice (42) and they 
are not induced to terminally differentiate when treated with 
the same concentration of IFN-B+MEZ resulting in terminal 
differentiation in C8161 cells. 6.1, 6.2 and 6.3, therefore, may 
represent human melanoma cells which have been reverted to 
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a less advanced stage in melanoma development. As dis 
cussed previously, since surgical removal of RGP or early 
stage VGP primary human melanomas results in a cure of this 
disease, it has not previously been possible to analyze more 
aggressive variants derived from the same early stage mela 
nomas. Dr. Kerbel and colleagues (25) have potentially over 
come this problem by injecting RGP and early VGP primary 
human melanomas in combination with matrigel into nude 
mice. Tumors which then developed were found to be tum 
origenic in nude mice without the requirement for matrigel 
and they also acquired a “cytokine resistance phenotype 
which is associated with melanoma progression (25.70). 
These three cell systems should prove extremely valuable in 
determining if mda gene expression correlates with specific 
stages of melanoma progression. To test this possibility appli 
cants will conduct similar experiments as described previ 
ously (4. A. 1. a) using these stage-specific cell lines. If our 
hypothesis Suggesting that the response of melanocyte lin 
eage cells to IFN-B+MEZ is stage-specific is correct, then 
applicants would predict that the effect of these agents on 
growth, mda gene expression and terminal cell differentiation 
would be greater in 10Wras/late vs. 10Wras/early cells, 
C8161 cells vs. chromosome 6 containing C8161 clones and 
the more progressed VS. the less progressed RGP and early 
VGP primary melanoma cell lines. 
0454 Summary: These studies will indicate if a direct 
relationship exists between the state of progression of mela 
noma cells and mda gene expression. They will also indicate 
if the response to IFN-?+MEZ induced growth suppression, 
mda gene expression and terminal cell differentiation is 
directly related to melanoma progression. 
0455 (c) and (d) Identification of additional mda genes 
which display enhanced expression in growth arrested and/or 
terminally differentiated human melanoma cells: As indi 
cated in Preliminary Studies (E), only a small percentage 
(approximately 2.5%) of our subtracted IFN-?3+MEZ H0-1 
library has been screened for differentially expressed genes 
associated with growth suppression and terminal differentia 
tion in H0-1 cells. It is therefore conceivable that a number of 
additional mda genes, which still remain to be identified, are 
present in the subtracted IFN-B+MEZ H0-1 library. The ini 
tial Subtraction hybridization approach applicants have used 
has resulted in the identification of cDNAs displaying 
enhanced expression in H0-1 cells treated with: IFN-f and 
IFN-B+MEZ: MEZ and IFN-B+MEZ; IFN-?3, MEZ and IFN 
|B+MEZ; and only IFN-B+MEZ (49). To identify additional 
mda genes which are preferentially expressed at elevated 
levels in cells induced to terminally differentiate following 
treatment with IFN-?3+MEZ applicants will perform addi 
tional subtraction hybridization steps. Brief Description of 
Protocol: cDNA libraries will be constructed from HO-1 cells 
treated with IFN-B (2000 units/ml) or MEZ (10 ng/ml) for 2, 
4, 8, 12 and 24 hr as previously described (49.57). The IFN-B 
and MEZ cDNA libraries will be converted into single 
stranded DNA which will then be biotinylated using photo 
activatable biotin and used as the Driver DNA as described 
previously (49). The H0-1 IFN-B+MEZ. (Ind') subtracted 
cDNA library will be converted into double stranded DNA 
and the double-stranded inserts will be isolated and used as 
the Tester DNA (49). The Driver DNA will then be subtracted 
away from the Tester DNA resulting in an enriched H0-1 
IFN-B+MEZ (Enriched-Ind') subtracted cDNA library (49). 
As an alternate approach to specifically identify genes dis 
playing increased elevation in terminally differentiated mela 
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noma cells, cDNA libraries will be constructed from HO-1 
cells treated for 4 or 7 days with IFN-?3, MEZ and IFN-B+ 
MEZ. Subtraction hybridization will then be conducted as 
described (49) using these libraries to identify cDNAs only 
expressed at increased levels in IFN-B+MEZ-treated termi 
nally differentiated H0-1 cells. 
0456 Summary: Additional screening of our current HO-1 
IFN-B+MEZ. (Ind) offers the potential of identifying more 
differentially expressed mda genes. By constructing addi 
tional cDNA libraries from H0-1 cells treated singularly with 
IFN-B or MEZ and subtracting this information away from 
cDNA libraries prepared from H0-1 cells treated with IFN 
B+MEZ, the identification of additional mda genes display 
ing enhanced expression specifically in terminally differen 
tiated melanoma cells should result. 
0457 B. Specific Aim #2: Analyze the relationship 
between mda gene expression and the induction of reversible 
commitment to differentiation, growth suppression without 
the induction of differentiation, DNA damage and stress 
responses and induction of terminal differentiation in human 
melanoma and other model differentiation systems. 
0458 1. Rationale and General Approach: 
0459 Induction of terminal differentiation in human 
melanoma cells, as well as other cell types such as myoblasts, 
neuroblastoma and leukemic cells, is associated with an irre 
versible loss in proliferative ability (rev 13.71). It is therefore 
reasonable to assume that some of the mda genes applicants 
have identified may also display enhanced expression in 
growth arrested melanoma (and other cell types) or mela 
noma cells (and other cell types) treated with various DNA 
damaging and chemotherapeutic agents which also induce 
growth-related changes. Indeed, preliminary studies indicate 
that mda-4, mda-5 and mda-8 exhibit increased expression in 
terminally differentiated H0-1 cells as well as HO-1 cells 
induced to undergo reversible growth suppression by treat 
ment with IFN-B+IFN-Y (50). In addition, mda-4 also dis 
plays increased expression in H0-1 cells reversibly growth 
suppressed by caffeic acid phenethyl ester (72), vinblastine, 
tumor necrosis factor-C. and X-irradiation. Additional mda 
genes have been identified which display enhanced expres 
sion only in H0-1 and other metastatic human melanoma cells 
treated with IFN-?3+MEZ (i.e., they appear to be melanoma 
specific) or in H0-1 and dissimilar cell types induced to lose 
proliferative capacity, including human breast and colon car 
cinoma (i.e., they appear to be growth and or differentiation 
specific and not melanoma specific). Based on these prelimi 
nary observations, it appears that specific mda genes may be 
restricted to melanoma lineage cells induced to lose growth 
potential and become terminally differentiated, while other 
mda genes may represent key genes involved in growth con 
trol processes in diverse cell types. It will, therefore, be 
important to determine whether changes in the expression of 
specific mda cDNAS are restricted to human melanoma cells 
induced to terminally differentiate or whether they also dis 
play modified expression during other programs of terminal 
differentiation, DNA damage and growth arrest. The studies 
described below are designed to determine: (a) the spectrum 
of cellular changes which induce enhanced mda gene expres 
sion in human melanoma and other cell types; and (b) if 
induction of growth Suppression and terminal differentiation 
in other cell types results in the enhanced expression of spe 
cific mda genes. 
0460 (a) Analysis of mda gene expression in human mela 
noma (and other cell types) treated with growth Suppressing 
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agents, DNA damaging agents and chemotherapeutic agents: 
Since terminal differentiation in HO-1 cells is associated with 
an irreversible loss in proliferative capacity (10,11,14), the 
mda genes applicants have identified may represent genes 
involved in both cell growth and terminal cell differentiation. 
To explore the relationship between cell growth and terminal 
differentiation, studies will be conducted to determine the 
types of agents and treatment protocols which can induce 
mda gene expression in human melanoma and other human 
cell types. The agents and treatments to be tested will include: 
growth Suppression (incubation in reduced serum levels), 
heat shock, gamma irradiation, ultraviolet irradiation (UVA 
and UVB), carcinogenic and mutagenic agents (methyl meth 
anesulfonate, ethyl methanesulfonate and 4-nitroquinolin 
oxide), demethylating agents (5-azacytidine, phenyl 
butyrate), chemotherapeutic agents (vinblastine, Vincristine, 
adriamycin, cis-platinum), tumor necrosis factor-C, protein 
synthesis inhibitors (cycloheximide, puromycin, anisomy 
cin), DNA synthesis inhibitors (amphidicolin, hydroxylurea, 
ara-C), transcription inhibitors (actinomycin D), topoi 
somerase inhibitors (camptothecin), poly-ADP-ribose 
inhibitors (3-aminobenzamide), protein kinase C activators 
(TPA, teleocidin, synthetic PKC activators (ADMB and DHI) 
(73-75)) and phosphatase inhibitors (calyculin, okadaic acid). 
Initial studies will focus on H0-1 cells. Subsequent investi 
gations will involve other melanoma cells (representing dif 
ferent stages of melanoma progression) and additional human 
cell types (normal fibroblast and epithelial cells, neuroblas 
toma, glioblastoma, carcinomas (prostate, breast and colon) 
and sarcomas). Brief Description of Protocol: H0-1 cells (or 
the other experimental cell type employed) will be treated 
with the various agents for different time periods (ranging 
from 1 hr to 24 hr, or with certain treatment protocols for 4 
and 7 days) and with different doses of the test treatment or 
agent. RNA will be isolated, electrophoresed in 0.6% agarose 
gels, transferred to nylon filters and hybridized sequentially 
with the different mda genes and lastly with GAPDH. If 
specific pathways appear to induce an mda gene then further 
biochemical studies will be conducted. For example, if PKC 
activators induce specific mda genes then studies will be 
performed using specific inactive analogs and inhibitors of 
PKC to determine the relationship between PKC activation 
and induction of gene expression. Similarly, if a treatment 
protocol or agent is found to induce or enhance expression of 
an mda gene, then Subsequent studies will be conducted to 
determine if this change in gene expression is transcriptional 
or post-transcriptional (see Specific Aim #1 for experimental 
details). 
0461 Summary: The studies briefly outlined above will 
indicate ifmda gene expression can be induced in H0-1, other 
human melanoma cells and additional human cell types, by 
treatment with agents which can alter growth and/or differ 
entiation. They will provide initial information relative to 
potential biochemical pathways which may mediate the 
induction or enhanced expression of the mda genes. These 
experiments will also identify which mda gene(s) to use in 
studies (described in C. Specific Aim #3.) designed to deter 
mine the potential functional significance of mda gene 
expression changes in the control of growth and differentia 
tion in human melanoma cells and other human cell types. 
0462 (b) Analysis of mda gene expression during the pro 
cess of terminal differentiation in human promyelocytic leu 
kemia (HL-60) and human skeletal muscle cultures: Specific 
mda genes are expressed in human melanoma and additional 
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human cell types undergoing growth Suppression with and 
without the induction of terminal differentiation. To explore 
this phenomenon further and to determine if any of the mda 
genes are also expressed at elevated levels in additional dif 
ferentiation model systems applicants will conduct experi 
ments using the HL-60 promyelocytic leukemic cell line (76) 
and human skeletal muscle cells (77.78). TPA induces mac 
rophage differentiation in HL-60 cells (79), whereas dimethyl 
sulfoxide (DMSO) results in granulocytic differentiation in 
HL-60 cells (80). In addition, growth of HL-60 cells in 
medium containing DMSO for 5 days followed by growth in 
TPA results in cells which switch from a granulocytic to 
monocytic differentiation program (81). These studies indi 
cate that specific monocytic or granulocytic lineages can be 
induced in HL-60 cells by appropriate chemical manipula 
tion. By growing HL-60 cells in incremental increases of TPA 
and DMSO, applicants have isolated variant populations 
which display a quantitative resistance to either TPA- or 
DMSO-induced differentiation (76). These resistant variants 
do not, however, display cross-resistance to other inducers, 
i.e., TPA induces a similar pattern of differentiation in paren 
tal HL-60 and HL-60/DMSO cells and DMSO induces a 
similar pattern of differentiation in parental HL-60 and 
HL-60/TPA cells. Although IFN-aA and IFN-?3 induce 
growth suppression in parental HL-60, TPA-resistant HL-60 
(HL-60/TPA) and DMSO-resistant HL-60 (HL-60/DM 
SO) cells, they do not induce these cells to differentiate 
terminally (76). However, the combination of IFN-CA or 
IFN-B and TPA results in a synergistic growth suppression 
and the induction of terminal differentiation in both parental 
and HL-60/TPA cells (76). Similarly, the combination of 
IFN-CA or IFN-B and DMSO results in synergistic growth 
Suppression and the induction of terminal differentiation in 
both parental and HL-60/DMSO cells (76). This experimen 
tal model will prove extremely valuable in determining if a 
correlation exists between enhanced mda gene expression 
and either growth Suppression or growth Suppression with the 
induction of specific programs of terminal differentiation in 
human myeloblastic leukemic cells. Brief Description of Pro 
tocols: Parental HL-60, HL-60/TPA and HL-60/DMSO 
cells will be incubated with IFN-B (2000 units/ml)+inducer 
(TPA at 10 and 10 Mor DMSO 0.9 to 1.56) for 1, 3 and 7 
days (with fresh medium additions added at day 4). Cell 
numbers and terminal differentiation (as monitored by the 
presence of morphologically mature cells and the ability of 
cells to reduce nitroblue tetrazolium (NBT) (granulocyte spe 
cific) or the production of nonspecific esterase (macrophage 
specific) will be determined (84). RNA will be isolated, elec 
trophoresed in 0.6% agarose gels, transferred to nylon filters 
and hybridized sequentially with the different mda genes and 
lastly with GAPDH (14,49). Since the induction of both 
growth suppression and terminal differentiation is concentra 
tion- and compound-dependent in parental HL-60 and variant 
HL-60 cells, the studies outlined above will indicate if a 
relationship exists between the degree of growth Suppression 
and/or the induction of terminal differentiation and expres 
sion of the different mda genes in HL-60 cells. 
0463 Methods are available for the in vitro growth of 
myogenic muscle satellite cells obtained from normal adult 
human skeletal muscle (82) These cultures recapitulate nor 
mal myogenesis, a process that can be followed with specific 
morphologic and biochemical markers and thus provides a 
useful system for assessing the effects of various agents on the 
process of cellular differentiation in human cells (77, 78,82). 
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Using this model system, applicants have previously demon 
strated that TPA (and related compounds) inhibit spontaneous 
and induced myogenesis, whereas IFN-CA enhances myo 
genesis (77.78). Inhibition or enhancement of differentiation 
in human skeletal muscle cultures is associated with either the 
Suppression or induction, respectively, of specific morpho 
logic changes (development of multinucleated myotubes) 
and changes in creatine kinase isoenzyme transition from 
CK-BB to the CK-MM form (77.78). Applicants have also 
developed SV40-immortalized human skeletal muscle cells 
which fail to undergo terminal differentiation when treated 
with IFN-CA (83). This experimental model will prove 
extremely valuable in determining if any of the mda genes are 
differentially expressed during the induction of terminal dif 
ferentiation or growth suppression in human skeletal muscle 
cells. Brief Description of Protocols: Muscle cultures will be 
grown from human skeletal muscle biopsy specimens 
obtained from diagnostic evaluation (from patients of either 
sex and ranging from 6 months to 50 years of age) as previ 
ously described (77.78.82). Prior to myoblast fusion, the cells 
will be trypsinized and plated at 2x10 cells/10 cm tissue 
culture plate, cultures will be incubated with IFN-?3 (2000 
units/ml) and MEZ (10 ng/ml), alone and in combination, for 
1, 4 and 7 days (with an appropriate medium change at day 4). 
Cell numbers will be determined and differentiation will be 
monitored using morphologic (myoblast fusion) and bio 
chemical (creatine kinase isoenzyme transition from CK-BB 
to CK-MM) criteria (77.78,82). RNA will be isolated, elec 
trophoresed in 0.6% agarose gels, transferred to nylon filters 
and hybridized sequentially with the different mda genes and 
lastly with GAPDH. When only small quantities of RNA are 
available, RT-PCR (65) will be used to determine expression 
of the appropriate mda gene in early passage human skeletal 
myoblast cultures. In this model system, IFN-B promotes 
skeletal muscle differentiation whereas MEZ inhibits differ 
entiation. By employing specific concentrations of IFN-B+ 
MEZ, it is possible to obtain either an enhancement in differ 
entiation, no change in differentiation or an inhibition in 
differentiation (78). This system should permit a direct deter 
mination of the relationship between mda gene expression 
and the induction of myogenesis in human skeletal muscle 
cultures. 

0464 Summary: The studies described briefly above will 
indicate if any of applicants mda genes display altered expres 
sion during the induction of growth Suppression and terminal 
differentiation in human myeloid leukemic cells and human 
skeletal muscle cells. If changes are observed, Subsequent 
studies could be conducted to determine if the mda genes 
display enhanced expression in other differentiation models, 
including the U937 human monoblastic leukemia cell which 
can be induced to undergo macrophage differentiation (81), 
the PC12 rat pheochromocytoma cell line which can be 
induced to undergo neuronal differentiation (85) and human 
neuroblastoma cells which can be induced to differentiate 
terminally when treated with retinoic acid or other agents. In 
addition, if mda gene expression changes are observed in 
HL-60 cells induced to terminally differentiate, further stud 
ies would be conducted using HL-60 cells and other inducing 
agents which result in growth arrest without differentiation, 
DNA damage and apoptosis and terminal cell differentiation 
(with and without apoptosis). These studies would indicate 
which cellular and biochemical changes in HL-60 cells result 
in induction of specific programs of mda gene expression. 
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0465 C. Specific Aim #3: Isolate full-length cDNAs of 
mda genes that may be involved in melanoma differentiation 
or progression and directly determine their potential func 
tional role in the differentiation and progression of human 
melanoma. 

0466 1. Rationale and General Approach: 
0467. The ability to analyze the functional significance of 
specific mda genes will require the isolation of full-length 
cDNAs. Once a full-length cDNA has been identified for a 
specific mda gene it can be used to: (1) produce its encoded 
protein using an in vitro translation system; (2) generate 
polyclonal antibodies specific for peptide regions of the 
encoded protein; (3) determine the location of the mda gene 
product in human melanoma cells and in tissue sections from 
patients; (4) determine the effect of overexpression of themda 
gene on induction of growth suppression and terminal differ 
entiation; and (5) determine the effect of blocking mda gene 
expression (using antisense oligomers or expression vector 
constructs) on the ability of IFN-B+MEZ to induce growth 
suppression and terminal cell differentiation. The approaches 
to be utilized to identify full-length mda cDNAs, in vitro 
translate the full-length mda cDNAs, produce antibodies 
against specific peptides of the encoded proteins, determine 
the location of the encoded proteins and to construct and 
analyze the effect of sense and antisense oligomers and 
expression vector constructs on growth and differentiation in 
H0-1 and other cell types is described below. 
0468 (a) Strategy for isolating full-length mda cDNAs: 
Rapid amplification of cDNA ends (RACE) is a procedure for 
amplification of nucleic acid sequences from a mRNA tem 
plate between a defined internal site and an unknown 
sequence representing either the 3' or 5' end of the mRNA 
(86-88). The RACE procedure will be used to obtain the 
complete sequence of the full-length mda cDNAs (5' ends) 
using the sequences (already determined) as the templates. 
Two types of gene-specific primers will be synthesized: the 
RT primer for reverse transcription and the AMP primer for 
PCR amplification. The sequence of the AMP primer is 
located upstream of the RT primer. First strand cDNA syn 
thesis is initiated from the RT primer. After first strand cDNA 
synthesis, the original mRNA template is destroyed with 
RNase H and unincorporated dNTPs and RT primers are 
separated from cDNA using Centricon spin filters (Amicon 
Corp.). An oligo-DA anchor sequence is then added to the 3' 
end of the cDNA using TaT (terminal d transferase) and 
DATP, PCR amplification is accomplished using the AMP 
primer and a mixture of oligo(dT)-adapter primer/adapter 
primer (1:9). The adapter primer contains a specific sequence 
which, in the form of dsDNA, can be recognized and digested 
by the restriction enzymes SalI and XhoI. Following ampli 
fication, the RACE products will be digested with specific 
restriction enzymes (which do not cut the cDNA internally) 
and cloned into an appropriate plasmid (such as pBlueScript). 
The clones with specific inserts will be selected by screening 
(using DNA filter hybridization) and multiple independent 
clones of each gene will be used simultaneously for DNA 
sequencing to eliminate possible errors in sequence determi 
nation as a result of misincorporations occurring during the 
PCR amplification process. 
0469 (b) Characterization of full-length mda cDNAs: 
Full-length mda cl)NAs will be used to obtain information 
about the mda-encoded proteins and the potential function of 
these genetic elements in regulating growth and differentia 
tion of human melanoma cells. As will be described below, in 
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vitro translation will be used to obtain the mda-encoded pro 
teins. Once the proteinstructure is determined, synthetic pep 
tides will be constructed and used to generate antibodies 
specific for defined regions of the mda proteins. Antibodies 
will be used to determine the location of the mda proteins in 
melanoma and other cell types and tissue sections. 
0470 (i) Determination of protein structure and develop 
ment of polyclonal antibodies specific for mda genes: Once 
full-length mda cDNAs have been isolated and sequenced, 
information will be available relative to the presence of open 
reading frames and the amino acid composition of the puta 
tive proteins encoded by these mda genes. To directly deter 
mine the size of the proteins encoded by the mda genes, 
full-length cDNAs will be subcloned into the pGEM-1 vector 
and transcribed in vitro using SP6 polymerase (Promega 
Corp., Madison, Wis.) as described (89). The in vitro tran 
scribed RNA will be translated in a rabbit reticulocyte lysate 
(Amersham) in the presence of Smethionine according to 
the manufacturer's instructions and dialyzed against 10 mM 
Hepes, pH 7.9, 1 mM MgCl, 1 mM dithiothreitol, 20% 
glycerol, 100 mM NaCl, 100 uM ZnCl2 at 4° C. overnight. 
Protein products will be analyzed by electrophoresis in an 
SDS/10-20% polyacrylamide gradient gel. Based on pre 
dicted amino acid structure of the protein, i.e., hydrophobic 
ity value, antigenicity value and turn structure based on the 
deduced sequences of the mda cDNA, specific amino acids 
will be chosen for generating synthetic peptides (75.90). Syn 
thetic peptides will then be used to generate polyclonal anti 
bodies (Hazelton Laboratories, Denver, Pa. or Cappel Labo 
ratories, Durham, N.C.). Brief Description of Protocol: The 
Synthetic peptides will be conjugated with carrier proteins, 
bovine serum albumin and CGG (chicken Y-globulin) as 
described (90). Two and one-half mg of peptide and 5 mg of 
carrier protein in double-distilled water will be incubated 
with 20 mg of either ethyl CDI (1-ethyl-3-(3-dimethyl-ami 
nopropyl)carbodiimide hydrochloride) (Sigma) or morpho 
CDI (1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide 
metho-p-toluenesultonate) (Sigma) in water at room tem 
perature for 2 hours and dialyzed against PBS, pH 7.2. Rab 
bits will be immunized with 0.5 mg of BSA peptide (conju 
gated by ethyl CDI) emulsified with complete Freund's 
adjuvant at 2-week intervals. The antisera against peptides 
will then be purified by affinity chromatography coupled with 
CGG peptide (conjugated by morpho CDI), excluding the 
by-product generated in the conjugation reaction. The poly 
clonal antibodies will be titered (by 1:1 serial dilution, begin 
ning with a 1:50 dilution) on human melanoma cells, either 
untreated or treated with IFN-B+MEZ., by ELISA assays as 
described previously (91). 
0471 (ii) Immunostaining of cultured cells and sectioned 
patient samples with anti-mda peptide antibodies: Based on 
preliminary studies using SV40-immortalized human mel 
anocytes, applicants would predict that specific mda gene 
products would be produced at increased levels in normal 
melanocytes versus melanoma cells. To test this possibility 
and to determine if differences are apparent in specific stages 
of melanoma development or as a consequence of IFN-B+ 
MEZ treatment, melanocytes, dysplastic nevi and different 
staged melanomas (RGP, early VGP late VGP and meta 
static) will be cultured on coverslips. Twenty fourhr later, one 
group of cultures will receive a media change without addi 
tions and the other will receive fresh medium with 2000 
units/ml of IFN-?3+10 ng/ml of MEZ. After an additional 24 
hr, cultures will be washed 3x with PBS followed by fixation 
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with 3.7% formalin for 30 min (90.91). The slides will then be 
washed 3x with PBS and treated with 0.2% Triton X-1007 
PBS for 5 min at room temperature. After extensive washing 
with PBS and blocking nonspecific binding sites with 2% egg 
albumin/PBS, the cells will be incubated with affinity purified 
anti-mda peptide antibody or preimmunized control Sera for 
30 min. The slides will then be incubated with fluorescein 
isothiocyanate-conjugated goat anti-rabbit immunoglobulin 
antibody for 30 min followed by examination with a fluores 
cence microscope after extensive washing with 0.1% SDS/ 
PBS (90). Studies will also be conducted to determine if the 
anti-mda peptide antibodies react with melanocyte/mela 
noma lineage tissue. Reactivity of the anti-mda peptide anti 
bodies toward sectioned clinical samples representing normal 
melanocytes, dysplastic nevi, and RGP, early VGP late VGP 
and metastatic melanoma (Supplied by Drs. Albino and Her 
lyn) (63) will be analyzed as previously described (90.91). 
0472 (iii) Analysis of the effect of forced mda expression 
on growth and differentiation in human melanoma cells: A 
key question will be whether expression of any of the mda 
genes can directly inhibit melanoma growth or induce mor 
phological, biochemical or gene expression changes associ 
ated with growth suppression and the induction of differen 
tiation without the addition of inducer (IFN-?3+MEZ). To 
determine the effect of overexpression of specific mda genes 
on growth and differentiation in human melanoma cells appli 
cants will employ expression vectors containing full-length 
mda cDNAs. Full-length mda cDNAs will be cloned into an 
expression vector containing an inducible promoter, such as 
the dexamethasone (DEX)-inducible MMTV promoter, and a 
selectable antibiotic resistance gene, such as the neomycin 
resistance gene, e.g., pMAMneo construct (Clonetech). 
Transfer of this mda-S construct into human melanoma cells 
will permit the direct isolation of cells containing the specific 
mda-S gene and will permit regulation (by altering DEX 
concentrations) of the level of expression of the specific mda 
gene. This approach may be necessary, since continuous 
increased expression of specific mda genes under control of 
promoters such as the cytomegalovirus (CMV) or the B-actin 
promoter may result in loss of proliferative ability and/or 
terminal differentiation in human melanoma cells. By using 
different MMTV promoter-driven constructs containing dif 
ferent mda genes and different antibiotic resistance genes, it 
will also be possible to construct melanoma cells containing 
several mda-S inducible gene constructs. An additional 
advantage of a regulatable expression vector system will be 
the stable nature of the cell clones and the ability to determine 
if transient or prolonged mda-S expression is required to 
induce an irreversible loss of proliferative capacity and ter 
minal differentiation in H0-1 cells. Brief Description of Pro 
tocols: HO-1 cells (additional human melanoma cell lines or 
other human tumor cell lines) will be seeded at 2x10 cells/ 
100 mm plate, 24 hr later cells will be transfected by elec 
troporation with the mda-S construct (alone if a selectable 
gene is present in the constructorin conjunction with a cloned 
selectable gene) as described (92). Antibiotic resistant colo 
nies will be selected and isolated as pure clones (92.93). The 
presence of the inserted gene will be determined by Southern 
blotting and expression of the endogenous and exogenous 
gene will be distinguished by RNase protection assays (58. 
94). The ability of DEX to enhance expression of the mda-S 
gene in appropriate HO-1 cell lines will be determined by 
growing cells in the presence or absence of the appropriate 
inducer (10 to 10 MDEX or 2000 units/ml of IFN-B) for 
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24 hr prior to isolating and characterizing RNA expression 
(95). Under conditions of non-induction (absence of DEX) or 
induction (presence of DEX) cells containing the MMTV 
inducible mda-S constructs will be evaluated for alterations in 
growth (10, 14), increases in melanin synthesis (10, 69), 
modification in cell surface antigenic phenotype (67, 68,72), 
changes in the levels of P2Ps (52.53), patterns of gene expres 
sion (14) and the induction of irreversible loss of proliferation 
(terminal differentiation) (10,11,14) using previously 
described protocols. 
0473 Potential Outcome of mda-S Expression Construct 
Studies: The studies briefly described above could result in 
one of three potential outcomes. First, a single mda-S con 
struct could induce growth suppression, gene expression 
changes associated with differentiation and terminal cell dif 
ferentiation in the absence of IFN-B+MEZ. This would pro 
vide compelling evidence that this specific mda gene is a 
controlling element in regulating growth and differentiation 
in human melanoma cells. Second, specific mda-S constructs 
could modify only a portion of the changes induced by IFN 
B+MEZ in human melanoma cells, i.e., induce growth Sup 
pression, induce growth suppression and some markers of 
differentiation or induce only some of the gene expression 
changes associated with differentiation without affecting 
growth. If this occurs, then it may be possible by using a 
combination of mda-S constructs, which induce different 
components of the differentiation program in human mela 
noma cells, to induce a loss of proliferative capacity and 
terminal differentiation in human melanoma cells. Third, 
mda-S constructs could display no effects on growth or dif 
ferentiation programs in H0-1 cells. This result would of 
course be the least informative outcome. It would suggest that 
the specific mda-S constructs tested are not controlling ele 
ments in melanoma differentiation, although these genes may 
be altered during the induction of growth Suppression and 
terminal differentiation in human melanoma cells by TFN 
|B+MEZ. 
0474 (iv) Analysis of the effect of antisense oligomers and 
expression vector constructs on growth and differentiation in 
human melanoma cells: Antisense RNA is an effective 
approach for interfering with the expression of specific target 
genes (96). The antisense transcript has a sequence comple 
mentary to the target mRNA and can presumably anneal to the 
mRNA and disrupt normal processing or translation (96). 
Mechanism(s) by which antisense constructs inhibit gene 
functions include: a direct interference in translation by bind 
ing to the ribosomal assembly (translation initiation) site 
and/or coding regions; stimulation of mRNA degradation by 
RNase H which specifically cleaves double-stranded RNA 
hybrids; and blocking translocation of the mRNA from the 
nucleus into the cytoplasm (96). Previous studies have dem 
onstrated that antisense constructs or oliogodeoxyribonucle 
otides (oligomers) of specific genes, such as c-myc and Egr-1, 
can modulate cell growth and/or differentiation (84.97-101). 
To determine the effect of blocking mda gene expression on 
growth and differentiation in human melanoma cells appli 
cants will conduct experiments using antisense oligomers and 
expression vectors containing antisense constructs. 
0475. In the first set of experiments applicants will deter 
mine if oligomers complementary to specific regions of the 
mda genes can induce growth suppression and/or changes in 
the expression of genes previously shown to be altered in 
H0-1 cells treated with IFN-B+MEZ, i.e., c-myc, IL-8, FIB, 
MGSA/gro, ISG-15, c-jun and jun-B (14.55). As indicated 
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above, antisense oligomers have been employed successfully 
to alter cell physiology in a number of cell lines and they have 
been shown to affect the expression of many genes (rev. 
102,103). mda-gene specific oligomers complementary to the 
translation initiation sites or 5'-coding regions will be synthe 
sized with phosphorothioate modification (phosphorothioate 
oligodeoxynucleotide) to increase nuclease resistance (96. 
102,103). Although unmodified oligomers have been utilized 
in many laboratories, they can be degraded rapidly by 
nucleases present in serum-Supplemented medium (96.102). 
Since experiments with H0-1 and the other cell types will 
utilize serum-containing medium, applicants will use phos 
phorothioate oligodeoxynucleotides as opposed to unmodi 
fied oligomers. Brief Description of Protocols: For growth 
studies, H0-1 cells (or other test cell lines) will be seeded at 
2.5x10" cells/35 mm tissue culture plate and 24 hr later fresh 
medium with IFN-B+MEZ (2000 units/ml+10 ng/ml), vari 
ous concentrations (1 to 200 uM) of the 3',5'-phosphorothio 
ate end-capped mda antisense oligomer complementary to 
several target sequences of the 5' region of the mda gene (20 
bases in length) (mda-AS oligomer) or the combination of 
IFN-B+MEZ and the mda-AS oligomer will be added. As 
appropriate controls, cultures will also receive similar con 
centrations of a 5',3'-phosphorothioate end-capped mda Sense 
oligomer (mda-Soligomer) or the mda-Soligomer plus IFN 
|B+MEZ (65, 84, 104). Cell numbers will be determined daily 
over a 7 day period (with medium changes with the appropri 
ate additions every 48 hr) to identify the correct mda-AS 
oligomer to use and the concentration of mda-AS oligomer 
required to block the effect of IFN-?3+MEZ on growth inhi 
bition in H0-1 cells. If an appropriate mda-AS oligomer is 
identified it will be used for subsequent studies to determine 
the effect of this mda-AS oligomer on gene expression (14) 
and biochemical (10, 52, 53,69) and immunological changes 
(67, 68,72) induced in H0-1 cells treated with IFN-B+MEZ. 
For gene expression studies, H0-1 cells (or other test cell 
lines) will be seeded at 2.5x10 cells/100 mm tissue culture 
plate and the appropriate concentration of mda-AS or mda-S 
oligomer will be added 24 hr later. RNA will be isolated after 
an additional 24 hr or 96 hr (with a medium change after 48 
hr), electrophoresed in 0.6% agarose gels, transferred to 
nylon filters and hybridized sequentially with c-myc, c-jun, 
jun-B, ISG-15, MGSA/gro, IL-8, FIB and lastly with 
GAPDH (14). Assays will also be conducted to determine if 
mda-AS oligomers can prevent or diminish the biochemical, 
immunological and/or cellular changes induced in H0-1 cells 
by the combination of IFN-f+MEZ. Parameters to be moni 
tored, by previously described techniques, include morphol 
ogy (10), melanin synthesis (10.69), antigenic expression 
(67.68,72) and levels of P2Ps (52.53). Possible Outcome of 
Studies: The experiments described above could produce one 
of three possible outcomes. First, specific mda-AS oligomers 
could inhibit the ability of IFN-B+MEZ to induce growth 
Suppression, gene expression changes associated with differ 
entiation and terminal cell differentiation. Second, specific 
mda-AS oligomers could modify only a portion of the 
changes induced by IFN-f+MEZ in H0-1 cells, i.e., reverse 
growth Suppression, reverse both growth Suppression and 
terminal differentiation or reverse only some of the gene 
expression changes. Third, specific mda-AS oligomers could 
display no effect on the growth suppression or the differen 
tiation program induced by IFN-B+MEZ. 
0476 A positive result using mda-AS oligomers in block 
ing specific cellular and biochemical changes in H0-1 cells 
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treated with IFN-B+MEZ would provide strong evidence for 
a relationship between expression of a specific mda gene and 
a defined component of the differentiation process. However, 
a negative effect of a specific mda-AS gene could occur for 
many reasons including lack of stability of the antisense 
oligomer, inadequate quantity of the antisense oligomer or 
the requirement for the expression of multiple mda genes in 
the differentiation process. To further explore the effect of 
mda-AS gene expression in inhibiting chemical induction of 
differentiation in human melanoma cells experiments will 
also be conducted using mda-AS clNAs (mda cDNAs 
cloned in an antisense orientation) in expression vector con 
structs. Since one question applicants intend to address is the 
relationship between levels of expression and tissue specific 
expression of specific mda-AS clNAs and cellular pheno 
type, applicants will use several expression vector constructs 
under the transcriptional control of different promoters. The 
constructs to be used should result in high level targeted, 
constitutive or inducible transcriptional control of the mda 
AS cDNAs. The same mda-AS cDNA will be cloned into an 
expression vector containing a promoter which will permit: 
high levels of constitutive expression (B-actin promoter (84. 
94); enhanced expression after interferon treatment (inter 
feron responsive sequence (IRS) promoter (pTKO-1) (105); 
inducible expression in the presence of dexamethasone 
(MMTV) inducible promoter (93. 106); or expression in mel 
anocyte/melanoma lineage cells (tyrosinase promoter (107)). 
In addition, by using different selectable genes, i.e., neomy 
cin, histidinol, hygromycin etc., either present in the expres 
sion vector construct or by cotransfection (93) it will be 
possible to construct human melanoma cells which contain 
several mda-AS clNAs. In summary, the use of different 
promoters will permit a direct evaluation of constitutive, 
inducible and cell-lineage specific (targeted) expression of 
the mda-AS clNA on growth and differentiation in human 
melanoma and other cell types. If expression of a specific 
mda-AS cDNA inhibits the ability of IFN-?3+MEZ to induce 
growth suppression, changes in gene expression and terminal 
differentiation in HO-1 and other human melanoma cells, this 
would provide strong evidence for a direct relationship 
between expression of this mda cDNA and the growth and 
differentiation process in human melanoma cells. Brief 
Description of Protocols: HO-1 cells (additional human mela 
noma cell lines or other human tumor cell lines) will be 
seeded at 2x10 cells/100 mm plate, 24 hours later cells will 
be transfected by electroporation with the mda-AS construct 
(alone if a selectable gene is present in the construct or in 
conjunction with a cloned selectable gene) as described (92. 
93). Antibiotic resistant colonies will be selected and isolated 
as pure clones (92.93). The presence of the inserted gene will 
be determined by Southern blotting and expression of the 
endogenous and exogenous gene will be distinguished by 
RNase protection assays (58, 94). The ability of interferon or 
dexamethasone to enhance antisense in a pTKO-1 (interferon 
inducible promoter) or a pMAMneo (DEX inducible) con 
struct, respectively, will be determined by growing cells in the 
presence or absence of the appropriate inducer (10 to 10 
M DEX or 2000 units/ml of IFN-B) for 24 hours prior to 
isolating and characterizing RNA expression (95, 105). Simi 
lar cellular (growth and morphology), biochemical (melanin 
and P2P levels), immunological (antigenic expression) and 
molecular (gene expression) parameters as used to study 
mda-S constructs will be used to study mda-AS constructs. 
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0477 Summary: These studies will provide important 
information about the mda encoded gene products and they 
will indicate if perturbations in the expression of specific mda 
genes can directly modify growth or the differentiation pro 
cess in human melanoma cells. 
0478 D. Specific Aim #4: Isolate and characterize the 
promoter region of mda genes and analyze their regulation in 
human melanocytes, nevi and melanoma. 
0479. 1. Rationale and General Approach: 
0480. In order to elucidate the mechanism underlying the 
transcriptional regulation of the mda genes it will be neces 
sary to analyze the promoter regions of these genes. This will 
be important for studies aimed at determining regulatory 
control of the mda genes including chemical induction, auto 
regulation, tissue specific regulation and developmental regu 
lation. Once the appropriate promoters of the mda genes have 
been isolated, studies can be conducted to identify relevant 
trans-regulatory factors (nuclear proteins) which bind to spe 
cific cis-regulatory elements and activate or repress the 
expression of the mda genes. The experiments outlined below 
are designed to: a clone the promoter region of specific mda 
genes and analyze their function in untreated and IFN-B+ 
MEZ treated melanoma cells; b) identify cis-regulatory ele 
ments in the promoter region of specific mda genes which are 
responsible for IFN-B+MEZ induction in human melanoma 
cells; and c identify and characterize trans-regulatory ele 
ments which activate (or repress) expression of the mda 
genes. 
0481 (a) Cloning the promoter region of the mda genes 
and testing their function in untreated and IFN-B+MEZ 
treated human melanoma cells: To isolate the promoter region 
of the mda gene a human genomic library will be constructed 
by partial digestion of H0-1 human melanoma genomic DNA 
with the restriction enzyme Sau3AI and then ligation into 
dephosphorylated vectors (phage or cosmid vectors) (92). 
Using themda cDNA geneto screen the library, clones will be 
identified which contain both the mda gene and its 5' and 3 
regions (92). Since the insert in a phage or cosmid vector is 
too large to analyze (i.e., 10 to 30 Kb) and the structure and 
size of the genomic DNA for the mda genes are not known, 
the inserts will be subcloned (to an approximate size of2 Kb) 
in order to identify the potential promoter region (92). Two 
types of probes will be used for subcloning: one containing 
the coding region of the mda gene and the other a synthetic 
oligonucleotide (a 20 mer) complementary to the sequence 
located in the 5' non-translated region of the mda gene. The 
genomic DNA containing the mda gene in phage or cosmid 
vector will be digested with a series of restriction enzymes, 
electrophoresed on 0.8% agarose gels and transferred to 
nylon filters (92.108). This Southern blot will then be probed 
with the coding region of the mda gene and the synthetic 
oligonucleotide. This double probing method will permit a 
more effective identification of the promoter region than uti 
lizing a single probe. Putative promoter inserts of approxi 
mately 2 Kb in size will be subcloned into various CAT 
expression vector constructs (including pSVOCAT. pUVO 
CAT or pChlorace) for later functional analysis (92.108, 
109). 
0482. The putative promoter region of the mda genes will 
be sequenced by the Sanger dideoxynucleotide procedure 
(110). The transcription start site (+1) will be determined by 
primer extension as described previously (108, 111). Dried 
total RNA samples of H0-1 melanoma cells with or without 
treatment with IFN-?3+MEZ will be resuspended in 20 ul of 
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10 mM PIPES (pH 6.4)-400 mM NaCl containing 5'-end 
P-labeled oligonucleotides (a 25mer, complementary to the 

5'-untranslated region of themda gene) made by the T4 nucle 
otide kinase method. After 3 hr incubation at 60° C., 80 ul of 
50 mM Tris-HCl (pH8.2)-5 mM MgC1-10 mM dithiothrei 
tol-5 mM deoxyguanosine nucleoside triphosphates-25ul of 
dactinomycin per ml containing 10 U of avian myeloblastosis 
virus reverse transcriptase will be added and the primer exten 
sion reaction will be allowed to proceed for 1 hr at 42° C. 
Following phenol-chloroform extraction and ethanol precipi 
tation, samples will be electrophoresed on 6% acrylamide-8 
Murea sequencing gels (108.111). From the length of the 
extended products, the transcription initiation site of the mda 
gene can be determined. 
0483) To functionally analyze the various mda promoters, 
appropriate pmdaCAT constructs will be transfected into 
melanoma cells by the CaP0 method or electroporation 
(Gene Pulser, Bio-Rad) as previously described (93, 108, 
109). Cell extracts will be prepared 48 hr after transfection by 
washing cells 3x with PBS, pelleting manually resuspended 
cells and lysing cells by three cycles of freeze-thawing. The 
CAT reaction will then be performed by adding 55 ul of cell 
extracts into a reaction mixture consisting of 5 ul of ''C- 
chloramphenicol, 70 ul of 1 M Tris-HCl (pH8.0) and 20 ul of 
4 mMbutyrl CoA (108,109). After incubation at 37° C. for 2 
hr, the reaction mixture will be extracted with ethylacetate or 
Xylene and CAT activity will be determined either by scintil 
lation counting or by TLC (108,109). If CAT expression can 
be detected in specific pmdaCAT construct transfected 
human melanoma cells after treatment with IFN-B+MEZ, but 
not in untreated cultures, this would indicate that the pro 
moter region of the specific mda gene contains appropriate 
cis-acting elements responsive to induction by IFN-B+MEZ. 
If no induction is apparent, further subcloning and screening 
of cosmid or phage clones would be performed until anmda 
promoter of sufficient length to mediate CAT induction in 
differentiation inducer-treated human melanoma cells is 
obtained. A potentially useful series of CAT constructs have 
been developed by United States Biochemical (Cleveland, 
Ohio), referred to as the pChlorace series. The basic plasmid 
pChlor Ace-B does not contain a eucaryotic promoter or 
enhancer sequences and is therefore dependent on incorpo 
ration of a functional promoter upstream from the CAT gene 
for expression of CAT activity. The construct, pChlorAce-E, 
contains an enhancer sequence permitting a direct test of a 
functional promoter CAT-junction for testing mda promoter 
sequences. The promoter containing plasmid, pChlorace-P. 
incorporates an SV40 promoter upstream from the CAT gene 
allowing the insertion of enhancer elements in both orienta 
tions upstream or downstream from the promoter-CAT tran 
scriptional unit. It will be possible by inserting different parts 
of the mda gene into the pChlorace-P construct to directly 
identify the enhancer component of the mda gene. The con 
trol plasmid, pChlorace-C contains both the promoter and 
enhancer and can function as an internal standard for com 
paring promoter and enhancer strengths. 
0484 An important question will be whether specific mda 
genes display tissue- and developmental-specific expression. 
Once specific mda promoters are identified they can be used 
to address this issue. mda-CAT constructs will be tested for 
levels of expression in untreated and IFN-B+MEZ-treated 
normal human melanocytes, dysplastic nevi and RGP, early 
VGP, late VGP and metastatic melanomas. Experiments will 
also be performed to determine if the mda promoters can 



US 2009/0246272 A1 

function in either untreated or IFN-B+MEZ-treated non-mel 
anocyte/melanoma lineage cells. Positive expression in spe 
cific target cells would suggest that the appropriate regulatory 
proteins are either constitutively present or inducible in these 
cells. 

0485 (b) Identifying cis-elements in the mda promoter 
responsible for induction by IFN-B+MEZ in human mela 
noma cells: Once a functional mda promoter has been iden 
tified studies will be conducted to locate cis-elements respon 
sible for induction of expression by IFN-B+MEZ. The 
approach to be used will involve the construction and evalu 
ation for CAT inducible activity of a series of 5'-deletion 
mutants, 3'-deletion mutants, internal-deletion mutants and 
linker-Scanning mutants of the mda promoter regions. The 
details for constructing the 5'-deletion, 3'-deletion and inter 
nal-deletion mutants and Screening for CAT activity has been 
described previously (108,109). Linker-scanning mutants 
will be constructed by combining 5'- and 3'-deleted mda 
promoter sequences after filling gap regions with a linker 
DNA sequence (such as an EcoRI linker) (92). The structure 
of the various mutants will be determined by sequence analy 
sis (95.110). Since the promoter region for the mda gene is 
located in front of the CAT reporter gene in the various 
pmdaCAT constructs, the CAT activity for each construct can 
be measured using liquid scintillation and/or TLC (108, 109). 
This will permit a direct comparison of CAT transcriptional 
activity of the mutant promoter to that of the unmodified mda 
promoter. These studies will result in the identification of 
specific cis-regulatory elements responsible for IFN-B+MEZ 
induction of enhanced mda gene expression in human mela 
noma cells. 
0486 (c) Identifying trans-acting nuclear proteins 
induced by IFN-B+MEZ which mediate transcriptional 
enhancing activity of mda genes in human melanoma cells: 
The current view on regulation of eucaryotic gene expression 
Suggests that trans-acting proteins bind to specific sites within 
cis-elements of a promoter region resulting in transcriptional 
activation (rev in 112,113). Studies employing various 
mutant mda promoter CAT constructs will provide informa 
tion relative to cis-regulatory elements mediating activity of 
the mda promoters. Experiments will be performed to iden 
tify trans-acting factors (nuclear proteins) and determine 
where these factors interact with cis-regulatory elements. To 
achieve this goal, two types of studies will be performed, one 
involving DNase-I footprinting (methylation interference) 
assays (108,109) and the second involving gel retardation (gel 
shift) assays (109.114). 
0487. For DNase-I footprinting assays nuclear extracts 
from human melanoma cells, untreated or treated with IFN 
B+MEZ, will be prepared as described previously (109, 113, 
115). DNase-I footprinting assays will be performed as 
described (108,109). The cis-element (approximately 200 bp) 
for IFN-f+MEZ induction, identified from the experiments 
described above, will be terminally labeled with 'P and 
incubated with crude nuclear extracts from untreated or IFN 
B+MEZ treated human melanoma cells using the protocols 
described previously (108,109). The reaction mixture which 
has been digested with DNase-I enzyme will be terminated 
and the digested products will be analyzed on an 8% sequenc 
ing gel (108,109). The differential protection between nuclear 
extracts from induced and uninduced human melanoma cells 
will provide relevant information concerning the involvement 
of trans-acting factors in activation and the location of spe 
cific sequences in the cis-regulatory elements of the mda 
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promoter mediating this activation. If differential protection 
is not detected using this approach, the sensitivity of the 
procedure can be improved by using different sized DNA 
fragments from the mda promoter region or by using partially 
purified nuclear extracts (109). 
0488. As a second approach for investigating the interac 
tion between cis-acting elements in the mda promoter and 
trans-acting factors in mediating transcriptional control, gel 
shift assays will be performed as described previously (109. 
114). For this assay, P-labeled cis-elements will be incu 
bated with nuclear extracts from untreated or IFN-B+MEZ 
treated human melanoma cells and reaction mixtures will be 
resolved on 5 or 8% polyacrylamide gels (109.114). After 
autoradiography, the pattern of retarded DNAs on the gel will 
provide information concerning the interaction between 
trans-acting factors and specific regions of the cis-elements in 
the mda promoters. Non-labeled cis-elements (self-competi 
tion) will be added as a competitor to duplicate samples to 
eliminate the possibility of non-specific binding and to con 
firm that the interaction is really conferred by the trans-acting 
factor. To begin to identify the trans-acting factors, different 
non-labeled DNAs (for example TATA, CAT. TRE, Sp-Ibind 
ing site, NFkB, CREB, TRE, TBP, etc.) can be used as com 
petitors in the gel shift assay to determine the relationship 
between the trans-acting factors and other previously identi 
fied transcriptional regulators. 
0489 Summary: These studies will result in the identifi 
cation and cloning of the mda promoter region, the identifi 
cation of cis-regulatory elements in the mda promoters and 
the identification of trans-regulatory elements which activate 
(or repress) expression of mda genes. 
0490 F. Future Studies: The currently proposed research 
will result in the characterization of specific genes which may 
be involved in or mediate growth control, response to chemo 
therapeutic and DNA damaging agents and terminal differ 
entiation in human melanoma cells. Once appropriate mda 
genes are identified they can Subsequently be used to directly 
test their functional role in development and melanocyte/ 
melanoma biology. Experiments can also be performed to 
define the role of these genes in non-melanoma target cells 
and additional programs of differentiation. Future studies 
which also are not within the scope of the present proposal 
would include: (a) evaluation of the effect of specific mda-S 
and mda-AS constructs on the growth (tumorigenic and meta 
static potential) and differentiation of human melanoma (and 
other tumor cell types) grown in vivo in nude mice; (b) gen 
eration of transgenic mice displaying both tissue and non 
tissue specific overexpression of individual or combinations 
of mda genes to evaluate the effect of modified mda expres 
sion on development; and (c) homologous recombination 
mediated gene targeting techniques to produce mice with 
specific mda null mutations to evaluate the effect of lack of 
expression of specific mda genes on tissue and embryo devel 
opment. 
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0606 Fourth Series of Experiments 

mda-1: Novel gene which displays increased 
expression in IFN-B and IFN-B + MEZ treated HO-1 
cells after 24 hours. Decreased expression occurs 
in HO-1 cells treated with IFN-B + MEZ for 96 
hours. (HJ 3-13). 

(Seq. ID No. 1) 
TGGACTTGTGTTCTGACTAGAACT CAACATGTTACTAGGCACATGTGTCA 

TGTCTCAGGTCAGTGCTGTGACAGAATTGATACGAGAGAAATGTCGCTTA 
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- Continued 

TGCTATCACTGATCTACACATGTCTGATAGATAGTCAGATACAGATGATG 

AGGAATCT 

mda-2: 
(Seq. ID No. 2) 

GAATTCAGTGAACTCTTTTCTCATTCTCTTTGTTTTGTGGCACTTCACAA 

TGTAGAGGAAAAAACCAAATGACCGCACTGTGATGTGAATGGCACCGAAG 

TCAGATGAGTATCCTGTAGGTCACCTGCAGCCTGGCTTGCCACTTGTCTT 

AACTCTGAATATTTCATTTCAAAGGTGCTAAAATCTGAAATCTGCTAGTG 

TGAACTTGCTCTACTCTCTGAATGATTCAATCCTATTCATACTATCTTGT 

AGATATATCAACTAAAAAAA 

0607 Properties of mda-4 
0608. This cDNA is novel (analysis of various gene data 
bases indicates that the sequence of mda-4 is 68.5% homolo 
gous to the human interferon gamma induced protein). 
0609 Expression in H0-1 Human Melanoma Cells 
0610 Increased expression after 24 hour treatment of 
HO-1 cells with recombinant human fibroblast interferon 
(IFN-B) (2,000 units/ml), mezerein (MEZ) (10 ng/ml) and to 
a greater extend with the combination of IFN-B+MEZ (2,000 
units/ml+10 ng/ml). 
0611 Analysis ofterminally differentiated H0-1 cells, i.e., 
H0-1 cells treated with the combination of IFN-B+MEZ 
(2,000 units/ml+10 ng/ml) for 96 hours, indicate continued 
increased expression in IFN-B+MEZ treated H0-1 cells. 
0612 Increased expression in H0-1 cells after 96 hour 
exposure to immune interferon (IFN-Y) (2,000 units/ml) and 
IFN-B+IFN-Y (1,000 units/ml+1,000 units/ml) (note: this 
combination of agents results in a similar degree of growth 
suppression in H0-1 cells as does IFN-B+MEZ. However, 
growth suppression is reversible with the combination of 
interferons, whereas it is irreversible with the combination of 
IFN-B+MEZ). 
0613 mda-4 represents a novel IFN-y-inducible gene 
which is also induced during terminal cell differentiation in 
H0-1 cells. Could prove useful as a gene marker for immune 
interferon response and as a gene marker for terminal differ 
entiation in human melanoma cells. 

0614 Expression in Additional Human Melanoma Cells 
0615. Increased expression of mda-4 results after a 24 
hour treatment with IFN-?3+MEZ in H0-1, L0-1, SH-1, 
WM278 and WM239 human melanoma cells. Mda-4 is not 
expressed or inducible in the melanotic FO-1 human mela 
noma cell or in the C8161 human melanoma cells or C81617 
6.3 cells (a C8161 human melanoma cell clone containing an 
inserted normal human chromosome 6: These cells are tum 
origenic in nude mice, but unlike parental C8161 cells, they 
are non-metastatic). 
0616 Mda-4 displays increased expression in additional 
human melanoma cells besides the human melanoma cell 
from which it was cloned, i.e., H0-1 after 24 hour treatment 
with IFN-B+MEZ. 
0617 Expression in Normal Cerebellum, a Central Ner 
vous System Tumor (Glioblastoma Multiforme) (GBM) and 
Normal Skin Fibroblast Cell Lines 

0618. Mda-4 is not expressed de novo in normal cerebel 
lum, GBMor normal skin fibroblasts. However, it is inducible 
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in both normal cerebellum and GBM, but not in normal skin 
fibroblasts, following a 24 hour treatment with IFN-?3+MEZ. 
0619 Mda-4 is susceptible to induction by IFN-?3+MEZin 
human cerebellum and GBM cultures, but not in normal 
human skin fibroblasts. 
0620 Expression in Colorectal Carcinoma (SW613), 
Endometrial Adenocarcinoma (HTB 113) and Prostate Carci 
noma (LNCaP) 
0621 Mda-4 is not expressed de novo in various carci 
noma cells and it is not inducible in these cells following a 24 
hour treatment with IFN-B+MEZ. Mda-4 is not expressed in 
human carcinoma cells. 
0622 Effect of Various Treatment Protocols on Expres 
sion in HO-1 Cells 

0623 A 24 hour treatment with IFN-B (2,000 units/ml), 
IFN-C (2,000 units/ml), IFN-?3+MEZ (2,000 units/ml+10 
ng/ml), IFN-C+MEZ (2,000 units/ml+10 ng/ml), cis-plati 
num (0.1 ug/ml), gamma irradiation (treated with 3 gray and 
analyzed after 24 hours). In addition, treatment with UV (10 
joules/mm and assayed 24 hours later) results in increased 
expression in H0-1 cells. 
0624 No or only a small change in expression is observed 
in H0-1 cells treated with MEZ (10 ng/ml; 24 hours or 96 
hours), IFN-B (2,000 units/ml; 96 hours), phenyl butyrate 
(PB) (4 mM; treated for 24 hours, 4 days or 7 days), myco 
phenolic acid (MPAY (3 uM; 96 hours), trans retinoic acid 
(RA) (2.5 uM; 24 hours), MPA+MEZ (3 uM+10 ng/ml; 96 
hours), RA+MEZ (2.5 uM; 96 hours), actinomycin D (5 
ug/ml for 2 hours, assayed after 24 hours), adriamycin (0.1 
ug/ml, 24 hours), Vincristine (0.1 ug/ml, 24 hours), TNF-C. 
(100 units/ml; 24 hours) or VP-16 (5ug/ml, 24 hours). 
0625 mda-4 is a novel gene which displays the following 
properties: 1) it is inducible in H0-1 cells during terminal 
differentiation (treatment with IFN-B+MEZ for 96 hours) and 
following 96 hour treatment with recombinant gamma inter 
feron (alone or in combination with IFN-?3); 2) it is inducible 
by IFN-B+MEZ in a series of human melanomas in addition 
to HO-1, normal cerebellum and GBM cells, but it is not 
expressed or inducible by IFN-B+MEZ in normal skin fibro 
blasts or three different types of carcinomas (colorectal, 
endometrial adenocarcinoma or prostate carcinoma); and 3) 
increased expression is induced in H0-1 cells treated with 
specific DNA damaging agents (cis-platinum, gamma irra 
diation and UV irradiation). 
0626. This gene represents a cytokine-, DNA damage-, 
and chemotherapy- (cis-platinum) and terminal differentia 
tion-inducible gene possibly restricted to cells of neuroecto 
dermal origin (melanoma and central nervous system). mda-4 
may prove useful: 1) as a marker for specific tissue lineage's 
(i.e., neuroectodermal) (diagnostic applications); 2) to moni 
torresponse to DNA damage (induced by gamma irradiation 
and UV irradiation) and treatment with chemotherapeutic 
agents which work in a similar manner as cis-platinum (diag 
nostic applications); 3) to assay for types I (IFN-C. and IFN-B) 
and type II (IFN-Y) interferon in biological fluids (diagnostic 
applications); and 4) to identify compounds which have the 
capacity to induce terminal differentiation in human mela 
noma cells (drug screening programs to identify new chemo 
therapeutic agents). Once full-length cDNAs are isolated, this 
gene (used in a sense orientation in an appropriate expression 
vector) may prove useful in inhibiting growth and inducing 
terminal differentiation in human melanomas and specific 
central nervous system tumors (GBM) (therapeutic applica 
tions). Antisense constructs of specific regions of this gene 
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could also prove useful in preventing damage to normal tissue 
(e.g., bone marrow) treated with differentiation inducing and 
specific chemotherapeutic and DNA damaging agents (thera 
peutic applications). 

mda- 4 
(SEQ ID No. 5) 

TTCTTCTTTGTAAAAGTTTTTAATACACTGCTGAAAGATAAATTCATTCC 

AAAGAGAATAATTATATAGCAAGATATTATCGGCACAGTGGTTTCTTAGA 

GGTAAATAGCGCCTCACGTGTGTTAGATGCTGAATCTGACCAAA 

0627 
0628. This cloNA is novel (it has sequence homology to a 
Homo sapiens putatively transcribed partial sequence; Acces 
sion number Z20545; from the UK-HGMP, MRC Human 
Genome Mapping Project Resource, Centre Clinical 
Research Centre, Watford Road, Harrow, Middlesex, HA1 
England) 
0629 
0630. Increased expression after 24 hour treatment of 
HO-1 cells with recombinant human fibroblast interferon 
(IFN-B) (2,000 units/ml), and to a greater extent with IFN 
B+MEZ (2,000 units/ml+10 ng/ml) in combination. 
0631 Analysis ofterminally differentiated H0-1 cells, i.e., 
H0-1 cells treated with the combination of IFN-B+MEZ 
(2,000 units/ml+10 ng/ml) for 96 hours, indicate continued 
increased expression in IFN-B+MEZ treated H0-1 cells. 
0632 Enhanced expression of mda-5 is also observed, 
albeit to a lesser extend, in HO-1 cells treated for 96 hours with 
immune interferon (IFN-Y) (2,000 units/ml) and in 96 hours 
IFN-B+IFN-Y (1,000 units/ml+1,000 units/ml) treated H0-1 
cells (greater increased than with IFN-Y alone) (note: this 
combination of agents results in a similar degree of growth 
suppression in H0-1 cells as does. IFN-B+MEZ. However, 
growth suppression is reversible with this combination of 
interferons, whereas it is irreversible with the combination of 

0633 mda-5 represents a novel IFN-y-inducible gene 
which also displays increased expression during terminal cell 
differentiation in H0-1 cells. This gene could prove useful as 
a marker for immune interferon response and as a marker for 
terminal differentiation in human melanoma cells. 

0634) 
0635 Increased expression of this gene occurs in H0-1, 
C8161, C8.161/6.3 (a C8161 human melanoma cell clone 
containing an inserted normal human chromosome 6: These 
cells are tumorigenic in nude mice, but unlike parental C8161 
cells they are non-metastatic), FO-1, L0-1, SH-1, WM278 and 
WM239 human melanoma cellstreated with IFN-?3+MEZ for 
24 hours. This gene is constitutively expressed in immortal 
ized human melanocytes FM5169 (transformed by SV40). 
Some upregulation is observed in FM5169 following IFN-B+ 
MEZ treatment for 24 hours. 

0636 Expression of mda-5 is increased by IFN-B+MEZ in 
7 additional human melanoma cells besides the human mela 
noma cell it was cloned from i.e., H0-1. In addition, this gene 
is expressed in melanocytes and its expression is increased to 
a lesser degree than in most human melanomas following a 24 
hour treatment with IFN-B+MEZ. 

Properties of mda-5 

Expression in H0-1 Human Melanoma Cells 

Expression in Additional Human Melanoma Cells 
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0637 Expression in Normal Cerebellum, a Central Ner 
vous System Tumor (Glioblastoma Multiforme) (GBM) and 
Normal Skin Fibroblast Cell Lines 
0638 mda-5 is express de novo at low levels in normal 
cerebellum, but not in GBM or normal skin fibroblasts. How 
ever, expression is increased in normal cerebellum (>10-fold) 
and expression is induced in GBM (small induction) and 
normal skin fibroblasts (good induction) following a 24 hour 
treatment with IFN-B+MEZ. 
0639. This gene is susceptible to modulation by IFN-B+ 
MEZ in human cerebellum, GBM and normal human skin 
fibroblasts. Differential de novo and inducible expression is 
seen in normal cerebellum cells versus GBM, with normal 
cerebellum displaying both higher de novo and inducible 
expression. 
0640 Expression in Colorectal Carcinoma (SW613), 
Endometrial Adenocarcinoma (HTB 113) and Prostate Carci 
noma (LNCaP) 
0641 mda-5 is not expressed de novo in colorectal carci 
noma (SW613) and endometrial adenocarcinoma (HTB 113), 
whereas it is expressed at low levels in prostate carcinoma 
(LNCaP). 
0642 Following a 24 hour treatment with IFN-B+MEZ. 
mda-5 expression is induced at high levels in colorectal car 
cinoma (SW613) cells, but no expression is seen in endome 
trial adenocarcinoma (HTB 113). 
0643. In the case of human prostate (LNCaP), IFN-B+ 
MEZ treatment for 24 hours results in a 2- to 3-fold increase 
in mRNA expression. 
0644. This gene displays a differential pattern of both de 
novo and inducible expression in different human carcino 

aS. 

0645 Effect of Various Treatment Protocols on Expres 
sion in HO-1 Cells 
(0646 A 24 hour treatment with IFN-B (2,000 units/ml), 
IFN-C (2,000 units/ml), IFN-?3+MEZ (2,000 units/ml+10 
ng/ml) and IFN-C.+MEZ (2,000 units/ml+10 ng/ml) results in 
increased expression in H0-1 cells. 
(0647 mda-5 is induced after 96 hour treatment with IFN-y 
and IFN-B+IFN-y. Highest level of expression is observed in 
H0-1 cells treated with IFN-B+MEZ for 24 or 96 hours. Very 
low induction after 96 hour treatment with IFN-?3 (2,000 
units/ml). 
0648. No change in expression is observed in H0-1 cells 
treated with MEZ (10 ng/ml) (24 or 96 hours), MPA (3 uM;96 
hours), RA (2.5M; 96 hours), MPA+MEZ (3 uM+10 ng/ml: 
96 hours), RA+MEZ (2.5 uM+10 ng/ml; 96 hours), phenyl 
butyrate (PB) (4 mM PB for 24 hours, 4 days or 7 days), 
cis-platinum (0.1 ug/ml, 24 hours), gamma irradiation 
(treated with 3 gray and analyzed after 24 hours), TV (10 
joules/mm, assayed 24 hours later), actinomycin D (5ug/ml 
for 2 hours, assayed 24 hours later), adriamycin (0.1 ug/ml; 
24 hours), Vincristine (0.1 g/ml, 24 hours), cis-platinum (0.1 
ug/ml, 24 hours), TNF-C. (100 units/ml; 24 hours) or VP-16 (5 
ug/ml, 24 hours). 
0649 mda-5 is a novel gene which displays the following 
properties: 1) it is inducible during terminal differentiation 
(treatment with IFN-B+MEZ for 96 hours) and following 
treatment for 96 hours with recombinant gamma interferon 
(alone or in combination with IFN-B); 2) treatment for 24 
hours with IFN-?3+MEZ results in increased expression in all 
human melanomas tested and in an SV40-immortalized 
human melanocyte; 3) it is highly inducible by IFN-B+MEZ 
within 24 hours in normal cerebellum and normal skin fibro 
blast cells, but it is only weakly inducible in GBM; 4) it is 
differentially inducible in three different types of carcinomas 
(with induction greatest in colorectal, low induction in pros 
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tate carcinoma and no induction in endometrial adenocarci 
noma); and 5) increased expression is induced in H0-1 cells 
treated with both type I interferon (IFN-C. and IFN-B) and 
type II interferon(IFN-Y) (IFN-B is more effective than IFN-O. 
when used at an equivalent dose in enhancing expression of 
this gene). 
0650. This gene represents a cytokine- and terminal dif 
ferentiation-inducible gene displaying increased expression 
in all melanomas, in select carcinomas, in normal skin fibro 
blasts and in both normal cerebellum and GBM. mda-5 may 
be useful: 1) as a marker for specific tissue lineages and for 
distinguishing tumors of similar histotype (i.e., carcinomas) 
(diagnostic applications; 2) to monitor response to type I and 
II interferon treatment (diagnostic applications; and 3) to 
identify compounds which have the capacity to induce termi 
nal differentiation in human melanoma cells (drug screening 
programs to identify new differentiation-inducing agents). 
Once full-length cDNAs are isolated, this gene (used in a 
sense orientation in an appropriate expression vector) may 
prove useful in inhibiting growth and inducing terminal dif 
ferentiation in human melanomas and other classes of tumors 
(therapeutic applications). 

mca-5 
(SEQ ID No. 6) 

CTGCAAAAGAAGTGTGCCGACTATAAATAAATGGTGAAATCATCTGCAAA. 

TGTGGCCAGGCTTGGGGAACAATGATGGTGCACAAAGGCTTAGATTTGCC 

TTGTCTCAAAATAAGGAATTTTGTAGTGGTTTCAAAATATCACAAGAACG 

TACAAGTGGTAGATACTATCACATTCACTGACTATCAGAGTCG 

(Seq. ID No. 7) 
ACAAACCAGTGATTCCCCTTCCTCAGATACTGGGACTAACAGCTTCACCT 

GGTGTTGGAGGGGCCACGAAGCAAGCCAAAGCTGAAGAACACATTTTAAA 

ACTATGTGCCTATCTTGATGCATTTACTATTAAAACTGTTAAAGAAAACC 

TTGATCAACTGAAAAACCAAATACAGGAGCATGCAAGAAGTTTGCCATTG 

CAGATGCAACCAGAGAAGATCCATTTAAAGAGAAACTTCTAGAAATAATG 

ACAAGGATTCAAACTTATTGTCAAATGAGTCCAATGTCAGATTTTGGACT 

C 

0651) Properties of mda-6 
0652 mda-6 is identical to WAF1, CIP1, SDI1 that 
encodes a Mr.21,000 protein (p21) that is an inhibitor of 
cyclindependent-kinases. 
0653 Expression on H0-1 Human Melanoma Cells 
0654) Increased expression after 24 hour treatment of 
HO-1 cells with recombinant human fibroblast interferon 
(IFN-B) (2,000 units/ml), MEZ (10 ng/ml) and to the greatest 
extent with IFN-?3+MEZ (2,000 units/ml+10 ng/ml) in com 
bination. 

0655 Analysis ofterminally differentiated H0-1 cells, i.e., 
H0-1 cells treated with the combination of IFN-B+MEZ 
(2,000 units/ml+10 ng/ml) for 96 hours indicate continued 
increased expression in IFN-B+MEZ treated H0-1 cells; and 
(b) no significant or reduced alteration in expression after 96 
hour treatment in H0-1 cells treated with IFN-B (2,000 units/ 
ml), IFN-Y (2,000 units/ml), MEZ (10 ng/ml), mycophenolic 
acid (MPA) (3 uM) (induces growth suppression increased 
melanin synthesis and morphology changes, but not terminal 
differentiation in H0-1 cells) trans retinoic acid (RA) (2.5 
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uM) (increases melanin synthesis and tyrosinase activity, but 
does not alter growth, morphology or induce terminal differ 
entiation in human melanoma cells), IFN-B+IFN-Y (1,000 
units/ml+1,000 units/ml) (growth suppressive without induc 
ing markers of differentiation), MPA+MEZ (3 uM+10 ng/ml) 
(reversible growth suppression and induction of differentia 
tion markers in H0-1 cells) and RA+MEZ (2.5uM+10 ng/ml) 
(growth suppression and reversible induction of differentia 
tion markers without inducing terminal cell differentiation). 
0656 mda-6 represents a novel gene which is enhanced in 
H0-1 cells by IFN-B+MEZ (which induces terminal differen 
tiation) but not to the same extent by agents inducing growth 
Suppression or various markers of differentiation. It could 
prove useful as a marker for the induction of terminal differ 
entiation in human melanoma cells. 
0657 Expression in Additional Human Melanoma Cells 
0658 Variable increases in expression of this gene occur 
in H0-1, C8161, C8161/6.3 (a C8161 human melanoma cell 
clone containing an inserted normal human chromosome 6: 
These cells are tumorigenic in nude mice, but unlike parental 
C8161 cells they are non-metastatic), FO-1, L0-1, SH-1, 
WM278 and WM239 human melanoma cells treated with 
IFN-B+MEZ for 24 hours. This gene is constitutively 
expressed in immortalized human melanocytes FM516-SV 
(transformed by SV40). Some upregulation is also observed 
in FM516-SV following IFN-B+MEZ treatment for 24 hours. 
0659 Expression of mda-6 is increased by IFN-?3+MEZin 
7 additional human melanoma cells besides the human mela 
noma cell it was cloned from, i.e., H0-1. In addition, this gene 
is expressed in melanocytes and its expression is increased 
following a 24 hour treatment with IFN-B+MEZ. 
0660 Expression in Normal Cerebellum, a Central Ner 
vous System Tumor (Glioblastoma Multiforme) (GBM) and 
Normal Skin Fibroblast Cell Lines 
0661 mda-6 is expressed de novo at high levels in normal 
cerebellum and normal skin fibroblasts. mda-6 is not 
expressed at significant levels in GBM cells. mda-6 expres 
sion is increased in normal cerebellum (>10-fold) and expres 
sion is induced in GBM following a 24 hour treatment with 
IFN-B+MEZ. mcda-6 expression is not altered in normal 
human skin fibroblasts after a 24 hour treatment with IFN-B+ 
MEZ. 
0662. This gene is susceptible to modulation by IFN-B+ 
MEZ in human cerebellum and GBM. In contrast, this gene is 
expressed and no change in expression is seen following 
treatment in normal human skin fibroblasts. Differential de 
novo and inducible expression is also apparent in normal 
cerebellum cells versus GBM, with normal cerebellum dis 
playing higher de novo expression. This gene could be a 
component of growth control in central nervous system glial 
cells (including normal cerebellum cells), which is repressed 
in malignant GBM cells. 
0663 Expression in Colorectal Carcinoma (SW613). 
Endometrial Adenocarcinoma (HTB 112) and Prostate Carci 
noma (LNCaP) 
0664 mda-6 is expressed at high levels de novo in colorec 

tal carcinoma (SW613) and prostate carcinoma (LNCaP). 
mda-6 de novo expression in endometrial adenocarcinoma 
(HTB113) is low. Treatment for 24 hours with IFN-B+MEZ 
does not significantly alter mda-6 expression in colorectal 
carcinoma (SW613) or prostate carcinoma (LNCaP). Treat 
ment for 24 hours with IFN-B+MEZ induces mda-6 expres 
sion in endometrial adenocarcinoma (HTB 113) to a similar 
level as in colorectal and prostate carcinomas. 



US 2009/0246272 A1 

0665 mda-6 displays a differential pattern of both denovo 
and inducible expression in different human carcinomas. De 
novo expression is low in endometrial adenocarcinoma and 
high in colorectal and prostate carcinoma. Inducible expres 
sion following treatment with IFN-?3+MEZ is only observed 
in endometrial adenocarcinoma cells. 

0666. Effect of Various Treatment Protocols on Expres 
sion in HO-1 Cells 

0667 Treatment with IFN-?3 (2,000 units/ml; 24 hours), 
MEZ (10 ng/ml; 24 hours), IFN-B+MEZ (2,000 units/ml+10 
ng/ml, 24 hours), actinomycin D (5ug/ml, 2 hour treatment 
followed by 24 hour growth), adriamycin (0.1 ug/ml, 24 hour) 
and VP-16 (5 g/ml, 24 hour) results in increased expression 
in H0-1 cells. Highest level of induction observed in HO-1 
cells treated with IFN-B+MEZ for 24 hours or 96 hours; and 
actinomycin D, adriamycin and VP-16 treated for 24 hours. 
0668 Decreased expression of mda-6 is observed in HO-1 
cells treated with phenylbutyrate (PB) (4 mM) (24 hours, 4 or 
7 days), cis-platinum (0.1 g/ml, 24 hours), UV (10 joules/ 
mm, 2 hours after treatment), gamma irradiation (3 gray; 
assayed after 24 hours), IFN-C. (2,000 units/ml; 24 hours) and 
TNF-C. (100 units/ml; 24 hours). 
0669 No change in mda-6 expression observed in HO-1 
cells treated with UV (10joules/mm) and assayed after 14 or 
24 hours and in HO-1 cells treated for 24 hours with IFN-C+ 
MEZ (2,000 units/ml+10 ng/ml), or Vincristine (0.1 ug/ml, 24 
hours). 
0670 mda-6 is a novel gene which displays the following 
properties: 1) its expression is increased during terminal dif 
ferentiation (treatment with IFN-B+MEZ for 96 hours); 2) 
treatment for 24 hours with IFN-B+MEZ results in variable 
increases in its expression in all human melanomas tested and 
in an SV40-immortalized human melanocyte; 3) it is 
expressed in early stage melanomas (radial and early vertical 
growth phase melanomas), but not or at reduced levels in 
more advanced melanomas (metastatic melanomas); 4) it is 
expressed de novo and highly inducible by IFN-B+MEZ 
within 24 hours in normal cerebellum; 5) it is not expressed de 
novo in GBM and only marginally induced in GBM after 24 
hour treatment with IFN-B+MEZ; 6) high levels of de novo 
expression are seen in normal skin fibroblasts, colorectal 
carcinoma (SW613) and prostate carcinoma (LNCaP), but 
IFN-B+MEZ treatment does not significantly alter expres 
sion; 7) endometrial adenocarcinoma (HTB 113) cells display 
low levels of expression of this gene, whereas IFN-B+MEZ 
treatment for 24 hours results in high levels of expression; 8) 
expression is increased in H0-1 cells treated with actinomy 
cin D, adriamycin and VP-16; 9) expression is reduced in 
H0-1 cells treated with phenylbutyrate, gamma irradiation, 
cis-platinum and TNF-C.; and 10) expression is highest in 
normal melanocytes and a dysplastic nevus and reduced in 
radial growth phase (RGP) and vertical growth phase (VGP) 
primary melanomas and lowest in metastatic melanoma; 11) 
expression is reduced as a function of tumorigenic progres 
sion in Matrigel-progressed RGP and early VGP primary 
melanoma: 12) expression is low in tumorigenic and meta 
static C8161 human melanoma cells and increased in three 
independent C8161 clones containing an inserted normal 
chromosome 6 that are tumorigenic but not metastatic: 13) an 
immediate early response genei.e., induced in the presence of 
cyclohexmide, in human promyelocytic leukemia. HL-60 
cells induced to differentiate into monocytes and macroph 
ages (treatment with 12-O-tetradecanoyl-phorbol-13-acetate 
(TPA) or vitamin D3) or granulocytes (treatment with all 
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trans retinoic acid (RA) or dimethylsulfoxide (DMSO)); 14) 
induced as a function of growth arrest and differentiation in 
human neuroblastoma cells by treatment with the combina 
tion of phenylacetate and RA; and 15) induced during the 
induction of differentiation and growth arrest in human his 
tiocytic lymphoma, U-937, cells by treatment with TPA. 
0671 mda-6 represents a terminal differentiation-regu 
lated gene displaying increased expression in all melanomas 
tested, in specific carcinomas, in normal cerebellum cells and 
in GBM cells treated with IFN-B+MEZ. mcda-6 is also 
induced during the induction of monocyte/macrophage and 
granulocyte differentiation in human promyelocytic leuke 
mia (HL-60) cells; differentiation in human neuroblastoma 
cells; and differentiation in histiocytic lymphoma (U-937) 
cells. This gene also displays increased expression in cells 
treated with specific chemotherapeutic agents, including 
adriamycin and VP-16. In contrast, expression of mda-6 is 
decreased following treatment with gamma irradiation, the 
demethylating anticancer agent phenylbutyrate, the cytokine 
TNF-C. and the chemotherapeutic agent cis-platinum. mda-6 
may be useful: 1) as a marker for specific tissue lineages and 
for distinguishing tumors of similar histotype (i.e., carcino 
mas, astrocytomas) (diagnostic applications); 2) to monitor 
response to topoisomerase inhibitors such as VP-16 and spe 
cific chemotherapeutic agents which function in a similar 
manner as adriamycin and cis-platinum (drug screening pro 
grams to identify new chemotherapeutic agents); 3) to iden 
tify compounds which have the capacity to induce terminal 
differentiation in human melanoma cells myeloid leukemic 
cells, histiocytic lymphoma and neuroblastoma (drug screen 
ing programs to identify new differentiation-inducing and 
chemotherapeutic agents); and 4) to monitor states of tumor 
progression, i.e., only expressed or expressed at higher levels 
in less aggressive and early stage cancers. Once full-length 
cDNAS are isolated, this gene (used in a sense orientation in 
an appropriate expression vector) may also prove useful in 
inhibiting growth and inducing terminal differentiation in 
human melanomas and other classes of tumors (therapeutic 
applications). Overexpression of this gene in specific cell 
types (such as bone marrow cells) may also result in a 
decreased sensitivity of these cells to various DNA damaging 
agents and chemotherapeutic agents (therapeutic applica 
tions). This could prove useful in protecting bone marrow 
cells from damage induced by radiation and chemotherapy 
(therapeutic applications). Similarly, use of antisense con 
structs may also result in a decreased sensitivity to growth 
Suppression in normal cells induced by specific classes of 
DNA damaging and therapeutic agents (therapeutic applica 
tions). This gene may also prove useful in the classification of 
more advanced astrocytomas (such as GBM) from less 
advanced earlier stages of astrocytomas (diagnostic applica 
tions). This gene may also prove useful in distinguishing 
between early stage (early radial growth phase, early vertical 
growth phase) melanoma and late stage (late vertical growth 
phase, metastatic) melanoma (diagnostic applications). 

mda-6 

(SEQ ID No. 8) 
ATGCCACGTGGGCTCATATGGGGCTGGGAGTAGTTGTCTTTCCTGGCACT 

AACGTTGAGCCCCTGGAGGCACTGAAGTGCTTAGTGTACTTGGAGTATTG 

GGGTCTGACCCAAACACCTTCCAGCTCCTGTAACATACTGGCCTGGACTG 
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- Continued 
TTTTCTCTCGCGCC. TCCCCATGTGCTCCTGGTTCCCGTTTCCTCCACCTA 

GACTGTAAACCTCTCGCA 

(Seq. ID No. 9) 
CCTGCAGTCCTGGAAGCGCGAGGGCCT CAAACGCGCTCTACATCTTCTGC 

CTTAGTCTCAGTTTGCGTGTCTTAATTATTATTTGTGTTTTAATTTAAAC 

ACCTCCTCATGTACATACCCTGGCCGCCCCCTGCCCCCCAGCCTCTCGGA 

TTAGAATTATTTAAACAAAAACTAGGCGGTTGAATGAGAGGTTCCTATGA 

GTACTGGGCATTTTTATTTTATGAAATACTATTTAAAGCCTCCTCATCCC 

ATGTTCTCCTTTTCCTCTCTCCCGGAGTT 

0672 Properties of mda-7 
0673 mda-7 is a novel clNA (it has no sequence homol 
ogy with previously reported genes in the various DNA data 
bases). 
0674) Expression in H0-1 Human Melanoma Cells 
0675 Increased expression of mda-7 after 24 hour treat 
ment of H0-1 cells with recombinant human fibroblast inter 
feron (IFN-?3) (2000 units/ml), MEZ (10 ng/ml) and to the 
greatest extent with IFN-B+MEZ (2000 units/ml+10 ng/ml). 
0676 Increased expression of mda-7 is observed in HO-1 
cells treated for 96 hours with IFN-?3 (2000 units/ml), MEZ 
(10 ng/ml), MPA (3 uM), IFN-B+IFN-Y (1000 units/ml+1000 
units/ml), IFN-B+MEZ (2000 units/ml+10 ng/ml), MPA+ 
MEZ (3 uM+10 ng/ml) and RA+MEZ (2.5 uM+10 ng/ml). 
Maximum induction is observed with IFN-?3+MEZ followed 
by MPA+MEZ and IFN-?+IFN-y. 
0677. The relative level of mda-7 induction correlates with 
the degree of growth suppression observed H0-1 cells treated 
with the various growth and differentiation modulating 
agents. The greatestincrease in expression is observed in cells 
induced to irreversibly lose proliferative capacity and become 
terminally differentiated by treatment with IFN-?3+MEZ. 
0678 Expression in Additional Human Melanoma Cells 
0679. Increased expression of mda-7 occurs in H0-1, 
C8161, C8161/6.3 (a C8161 human melanoma cell clone 
containing an inserted normal human chromosome 6: These 
cells are tumorigenic in nude mice, but unlike parental C8161 
cells they are non-metastatic), FO-1, L0-1, SH-1, WM278 and 
WM239 human melanoma cellstreated with IFN-?3+MEZ for 
24 hours. This gene is constitutively expressed in immortal 
ized human melanocytes FM5169 (transformed by SV40). 
However, no increase in expression is observed in FM5169 
following IFN-B+MEZ treatment for 24 hours. 
0680 mda-7 is either variably expressed or variably 
induced in all human melanoma cells treated with IFN-B+ 
MEZ. In contrast, although this gene is expressed in melano 
cytes, no change in expression is observed following a 24 
hour treatment with IFN-B+MEZ. 
0681 Expression in Normal Cerebellum, a Central Ner 
vous System Tumor (Glioblastoma Multiforme) (GBM) and 
Normal Skin Fibroblast Cell Lines 
0682 mda-7 is not expressed de novo in normal cerebel 
lum, GBM or normal skin fibroblasts. 
0683 Expression of mda-7 is induced in normal cerebel 
lum, GBM and normal skin fibroblasts following a 24 hour 
treatment with IFN-B+MEZ. 
0684 mda-7 is not expressed de novo but is susceptible to 
induction by IFN-f+MEZ in human cerebellum, GBM and 
normal human skin fibroblasts. 
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0685 Expression in Colorectal Carcinoma (SW613), 
Endometrial Adenocarcinoma (HTB 113) and Prostate Carci 
noma (LNCaP) 
0686 mda-7 is not expressed de novo in colorectal carci 
noma (SW613), endometrial adenocarcinoma (HTB 113) or 
prostate carcinoma (LNCaP). 
0687 mda-7 is not induced in colorectal carcinoma 
(SW613), endometrial adenocarcinoma (HTB 113) or pros 
tate carcinoma (LNCaP) cells following a 24 hour treatment 
with IFN-B+MEZ. 
0688. This gene is neither expressed de novo or inducible 
by IFN-B+MEZ in human carcinomas. 
0689 Effect of Various Treatment Protocols on Expres 
sion in HO-1 Cells 

(0690 Treatment with IFN-B (2000 units/ml; 24 hours), 
MEZ (10 ng/ml; 24 hours), IFN-B+MEZ (2000 units/ml+10 
ng/ml, 24 hours and 96 hours), IFN-O.--MEZ (2000 units/ml+ 
10 ng/ml, 24 hours), adriamycin (0.1 ug/ml, 24 hours), Vin 
cristine (0.1 ug/ml, 24 hours), and UV (10 joules/mm and 
assayed 24 hours later) results in increased mda-7 expression 
in HO-1 cells. mda-7 is also induced after 96 hour treatment 
with MPA (3 uM), IFN-?3+IFN-Y (1000 units/ml+1000 units/ 
ml), MPA+MEZ (3 uM+10 ng/ml) and RA+MEZ (2.5 
uM+10 ng/ml). Highest level of expression observed in HO-1 
cells treated with IFN-?3+MEZ for 24 or 96 hours. 
0691. No induction in mda-7 expression is observed in 
H0-1 cells treated with IFN-O. (2000 units/ml; 24 hours), 
IFN-Y (2000 unit/ml;96 hours), phenylbutyrate (4 mM PB 
for 24 hours, 4 days or 7 days), cis-platinum (0.1 ug/ml, 24 
hours), gamma irradiation (treated with 3 gray and analyzed 
after 24 hours), actinomycin D (5ug/ml for 2 hours, assayed 
24 hours later), TNF-C. (100 units/ml; 24 hours) or VP-16 (5 
ug/ml, 24 hours). 
0692 mda-7 is a growth and differentiation and senes 
cence-regulated novel gene which displays the following 
properties: 1) it is inducible during terminal differentiation 
(treatment with IFN-B+MEZ for 96 hours) and following 
treatment for 96 hours with many growth modulating and 
differentiation inducing agents; 2) treatment for 24 hours 
with IFN-f+MEZ results in increased expression in all 
human melanomas tested, but not in an SV40-immortalized 
human melanocyte; 3) it is not expressed de novo but it is 
highly inducible by IFN-B+MEZ within 24 hours in normal 
cerebellum, GBM and normal skin fibroblast cells; 4) it is not 
expressed or inducible in colorectal, endometrial or prostate 
carcinomas; 5) increased expression is induced in H0-1 cells 
treated with adriamycin, Vincristine and UV irradiation; and 
6) it is not expressed in growing human neuroblastoma cells 
but it is inducible following growth Suppression and the 
induction of terminal differentiation; 7) it is not expressed in 
human promyelocytic leukemia (HL-60 and human histio 
cytic lymphoma (U-937) cells but it is induced following the 
induction of growth arrest and terminal differentiation; and 8) 
it is not expressed in actively growing human cells but it is 
induced during cellular senescence. 
0693 mda-7 is a novel growth- and terminal differentia 
tion-regulatable gene displaying increased expression in all 
melanomas (but not in melanocytes), and in normal skin 
fibroblasts and in both normal cerebellum and GBM cells 
treated with IFN-B+MEZ. In contrast, mda-7 is not expressed 
or induced in a series of carcinomas. mda-7 may be useful: 1) 
as a marker for specific tissue lineage's (i.e., melanomas from 
keratinocytes) (diagnostic applications); 2) in distinguishing 
fibroblasts (inducible with IFN-B+MEZ) from carcinomas 
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(non-inducible with IFN-B+MEZ) (diagnostic applications); 
3) for the identification of agents capable of inducing growth 
Suppression and various components of the differentiation 
process (including terminal differentiation) in human mela 
nomas (drug screening programs to identify new differentia 
tion-inducing and chemotherapeutic agents); and 4) distin 
guishing melanocytes, and perhaps nevi, from early and late 
stage melanoma cells (diagnostic applications). Once full 
length cDNAS are isolated, this gene (used in a sense orien 
tation in an appropriate expression vector) may also prove 
useful in inhibiting growth and inducing terminal differentia 
tion in human melanomas (therapeutic applications). 

mca - 7 
(SEQ ID No. 10) 

CAGAATATTGTGCCCCATGCTTCTTTACCCCT CACAATCCTTGCCACAGT 

GTGGGCAGTGGATGGGTGCTTAGTAAGTACTTAATAAACTGTGGTGCTTT 

TTTTGGCCTGTCTTTGGATTGTTAAAAAACAGAGAGGGATGCTTGGATGT 

AAACTGAACTTCAGAGCATGAAATCACACTGTCTCTGATATCT 

0694 
0695 mda-8 is a novel clNA (it has no sequence homol 
ogy with previously reported genes in the various DNA data 
bases) 
0696 
(0697 Increased expression of mda-8 results in H0-1 cells 
after 24 hour treatment with the combination of IFN-B+MEZ 
(2000 units/ml+10 ng/ml). 
0698 Analysis ofterminally differentiated H0-1 cells, i.e., 
H0-1 cells treated with the combination of IFN-B+MEZ 
(2000 units/ml+10 ng/ml) for 96 hours indicate continued 
increased expression of mda-8. 
0699 Treatment of HO-1 cells for 96 hours with immune 
interferon (IFN-Y) (2000 units/ml) or IFN-B+IFN-Y (1000 
units/ml+1000 units/ml) results in enhanced mda-8 expres 
sion. The level of increased mda-8 expression at 96 hour is 
similarin IFN-y, IFN-?3+IFN-Y and IFN-B+MEZ treated H0-1 
cells. (Note: The combination of IFN-B+IFN-Y results in a 
similar degree of growth suppression at 96 hour in H0-1 cells 
as does IFN-B+MEZ. However, growth expression is revers 
ible with the combination of interferons, whereas it is irre 
versible with the combination of IFN-B+MEZ). 
0700 mda-8 is a novel IFN-y-inducible gene which also 
displays increased expression during terminal cell differen 
tiation in HO-1 human melanoma cells. mda-8 could prove 
useful as a marker for immune interferon response and a 
marker for terminal differentiation in human melanoma cells. 

0701 
0702 Increased expression of mda-8 occurs in H0-1, 
C8161 and WM278 human melanoma cells treated for 24 
hours with IFN-?3+MEZ (2000 units/ml+10 ng/ml). 
0703 No change in expression of mda-8 is seen in addi 
tional human melanomas treated for 24 hours with IFN-B+ 
MEZ, including C8161/6.3 (a C8161 human melanoma cell 
clone containing an inserted normal human chromosome 6: 
These cells are tumorigenic in nude mice, but unlike parental 
C8161 cells they are non-metastatic), FO-1, L0-1, SH-1, and 
WM239. 

Properties of mda-8 

Expression in H0-1 Human Melanoma Cells 

Expression in Additional Human Melanoma Cells 
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0704 Expression of this Gene is Increased by IFN-B+ 
MEZ in Specific Human Melanoma Cells. 
(0705 Expression in Normal Cerebellum, a Central Ner 
vous System Tumor (Glioblastoma Multiforme) (GBM) and 
Normal Skin Fibroblast Cell Lines 
0706 mda-8 is expressed de novo in normal cerebellum, 
but not in GBM. 
0707 mda-8 is expressed de novo in normal skin fibro 
blasts. 
(0708 Growth for 24 hours in IFN-?3+MEZ (2000 units/ 
ml+10 ng/ml) results in marginal changes in mda-8 expres 
sion in normal cerebellum and normal skin fibroblasts. 
0709 Expression of mda-8 is induced at high levels in 
GBM cells following a 24 hour exposure to IFN-B+MEZ. 
0710. This gene is expressed de novo in both normal cer 
ebellum and normal skin fibroblasts, but not in GBM. This 
gene is induced by IFN-B+MEZ in human GBM, but expres 
sion is not altered in normal cerebellum cells and normal skin 
fibroblasts. 
0711 Expression in Colorectal Carcinoma (SW613), 
Endometrial Adenocarcinoma (HTB 113) and Prostate Carci 
noma (LNCaP) 
0712 mda-8 is expressed denovo in colorectal carcinoma 
(SW613), endometrial adenocarcinoma (HTB 113) and pros 
tate carcinoma (LNCaP). 
0713. Following a 24 hour treatment with IFN-?3+MEZ, 
expression of mda-8 is unaffected in colorectal carcinoma 
(SW613), endometrial adenocarcinoma (HTB 113) and pros 
tate carcinoma (LNCaP) cells. 
0714 mda-8 is expressed de novo in the three types of 
carcinomas. mda-8 gene expression is not altered in the three 
carcinomas after treatment for 24 hours with IFN-B+MEZ. 
0715 Effect of Various Treatment Protocols on Expres 
sion in HO-1 Cells 
0716. Increased expression of mda-8 results after treat 
ment with IFN-B (2000 units/ml; 24 hours), actinomycin D (5 
ug/ml for 2 hours, assayed 24 hours later), adriamycin (0.1 
ug/ml, 24 hours), cis-platinum (0.1 ug/ml, 24 hours) and UV 
(10 joules/mm, assayed 2, 14 and 24 hours later). 
0717. A 96 hour treatment with IFN-Y (2000 units/ml), 
IFN-B+MEZ (2000 units/ml) and IFN-B+IFN-Y (1000 units 
+1000 units) results in increased mda-8 expression. 
0718 No change in expression of mda-8 is observed in 
H0-1 cells treated with MEZ (10 ng/ml; 24 or 96 hours), 
IFN-B (2000 units/ml; 24 or 96 hours), MPA (3 uM; 96 
hours), RA (2.5M; 96 hours), MPA+MEZ (3 uM+10 ng/ml: 
96 hours), RA+MEZ (2.5 LM-10 ng/ml), phenylbutyrate (4 
mM PB for 24 hours, 4 days or 7 days), gamma irradiation 
(treated with 3 gray and analyzed after 24 hours), Vincristine 
(0.1 lug/ml; 24 hours), TNF-C. (100 units/ml; 24 hours), VP-16 
(5ug/ml; 24 hours), IFN-O. (2000 units/ml) or IFN-C+MEZ 
(2000 units/ml+10 ng/ml). 
0719 mda-8 is a novel gene which displays the following 
properties: 1) it is inducible during terminal differentiation 
(treatment with IFN-B+MEZ for 96 hours) and following 
treatment for 96 hours with recombinant gamma interferon 
(alone or in combination with IFN-B); 2) treatment for 24 
hours with IFN-B+MEZ results in increased expression in 
only select human melanomas; 3) it is expressed de novo in 
normal cerebellum, normal skin fibroblasts, colorectal carci 
noma (SW613), endometrial adenocarcinoma (HTB 113) and 
prostate carcinoma (LNCaP), but not in GBM; 4) treatment 
with IFN-B+MEZ for 24 hours results in no change in expres 
sion in normal cerebellum, normal skin fibroblasts, colorectal 
carcinoma (SW613), endometrial adenocarcinoma 
(HTB 113) and prostate carcinoma (LNCaP); 5) treatment for 
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24 hours with IFN-B+MEZ induces expression in GBM cells; 
and 6) increased expression is induced in H0-1 cells treated 
with actinomycin D, adriamycin, cis-platinum and UV irra 
diation. 
0720 mda-8 is a cytokine- and terminal differentiation 
responsive gene displaying increased expression in specific 
human melanomas and GBM cells treated with IFN-B+MEZ 
(also inducible in H0-1 after 96 hour treatment with IFN-y 
and IFN-y+IFN-B). Enhanced expression is also apparent in 
HO-1 human melanoma cells treated with the transcription 
inhibitor actinomycin D, the chemotherapeutic agents adria 
mycin and cis-platinum and UV irradiation. mda-8 may be 
useful: 1) as a marker for distinguishing between normal glial 
cells and malignant astrocytomas (such as GBM) (diagnostic 
applications); 2) to monitor response to type II interferon 
treatment (diagnostic applications); and 3) to identify com 
pounds which have the capacity to induce terminal differen 
tiation, induce similar cytotoxic effects as adriamycin, cis 
platinum and UV irradiation (drug screening programs to 
identify new differentiation-inducing and chemotherapeutic 
agents). Once full-length cDNAS are isolated, this gene (used 
in a sense orientation in an appropriate expression vector) 
may prove useful in inhibiting growth and inducing terminal 
differentiation in specific human melanomas and glioblas 
toma multiforme tumors (therapeutic applications). 

mca - 8 
(SEQ ID No. 11) 

TTAAAGTTTGCCCTTGTGCTAAAGTGCCAGTGTATGTATGTTATACTTGA 

TTTGGTTGTAAACTATATTTCAAAGTAAACCCTAGTGTAATAAGTTTTAT 

AACTAAAAAGGTTTAAGCTGCTAAAACTATTTTTAAGAGATGTGAAATCG 

AGTATGGGACTATCTTTTTTTCCTCCTCTAAA 

0721 Properties of mda-9 
0722 mda-9 is a novel cDNA (it displays sequence 
homology to human transforming growth factor-3 (TGF-B) 
mRNA, 55.1% homology in 138 bp: GB Pr:Humtgfbc). 
0723 Expression in H0-1 Human Melanoma Cells 
0724. Increased expression of mda-9 occurs after 24 hour 
treatment of H0-1 cells with the combination of IFN-B+MEZ 
(2000 units/ml+10 ng/ml). 
0725 Increased expression of mda-9 persists in terminally 
differentiated HO-1 cells, i.e., H0-1 cells treated with the 
combination of IFN-B+MEZ (2000 units/ml+10 ng/ml) for 
96 hours. 
0726 mda-9 is a novel gene (with homology to TGF-B) 
which displays increased expression in terminally differenti 
ated HO-1 human melanoma cells. 
0727 Expression in Additional Human Melanoma Cells 
0728. Variable increases in expression of mda-9 occurs in 
HO-1 and C8161 human melanoma cells treated for 24 hours 
with IFN-B+MEZ (2000 units/ml+10 ng/ml). 
0729. The level of expression of mda-9 decreases in SH-1 
cells treated for 24 hours with IFN-B+MEZ (2000 units/ml+ 
10 ug/ml). 
0730 No change in mda-9 expression results in FO-1, 
LO-1 or C8161/6.3 cells (a C8161 human melanoma cell 
clone containing an inserted normal human chromosome 6: 
These cells are tumorigenic in nude mice, but unlike parental 
C8161 cells they are non-metastatic). 
(0731 Expression of mda-9 is increased by IFN-?3+MEZin 
specific human melanoma cells. The lack of enhanced expres 
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sion in C8161/6.3 cells treated with IFN-?3+MEZ, whereas 
parental C8161 cells do show an increase, suggests that 
modulation of this gene may correlate with more advanced 
stages of melanoma development (i.e., melanoma cells with 
metastatic potential). 
(0732 Effect of Various Treatment Protocols on Expres 
sion in HO-1 Cells 
0733 Increased expression of mda-9 is observed in HO-1 
cells treated with IFN-B (2000 units/ml; 24 hours), MEZ (10 
ng/ml, 24 hours), IFN-B+MEZ (2000 units/ml+10 ng/ml, 24 
and 96 hours), phenylbutyrate (4 mMPB for 24 hours, 4 days 
or 7 days), gamma irradiation (treated with 3 gray and ana 
lyzed after 24 hours), TNF-C. (100 units/ml; 24 hours), IFN-C. 
(2000 units/ml), IFN-C+MEZ (200 units/ml+10 ng/ml), 
VP-16 (5ug/ml; 24 hours) or UV (10 joules/mm, assayed 2 
or 14 hours later). 
0734. No change in mda-9 expression is observed in HO-1 
cells treated with actinomycin D (5ug/ml for 2 hours, assayed 
24 hours later), UV (10 joules/mm, assayed 24 hours later), 
cis-platinum (0.1 ug/ml, 24 hours), Vincristine (0.1 g/ml, 24 
hours), IFN-?3 (2000 units/ml;96 hours), IFN-Y (2000 units/ 
ml; 96 hours), MEZ (10 ng/ml; 96 hours), MPA (3 uM; 96 
hours), RA (2.5 uM; 96 hours), IFN-B+IFN-Y (1000 units/ 
ml+1000 units/ml;96 hours), MPA+MEZ (3 uM+10 ng/ml: 
96 hours) or RA+MEZ (2.5uM+10 ng/ml). 
0735 mda-9 is a novel gene with sequence homology to 
TGF-B which displays the following properties: 1) it is induc 
ible during terminal differentiation (treatment with IFN-B+ 
MEZ for 96 hours) in H0-1 human melanoma cells; 2) treat 
ment for 24 hours with IFN-f+MEZ results in increased 
expression in several human melanomas; 3) treatment for 24 
hours with IFN-B+MEZ results in increased expression in the 
tumorigenic and metastatic human melanoma C8161, but not 
in C8161/6.3 which is tumorigenic but not metastatic; and 4) 
increased expression is induced in H0-1 cells treated with a 
number of agents including phenylbutyrate, gamma irradia 
tion, TNF-C., UV irradiation (after 2 and 14 hours, but not 
after 24 hours), IFN-Cl and IFN-C+MEZ. 
0736 mda-9 is a terminal differentiation-responsive gene 
displaying increased expression in several human melanomas 
treated with IFN-B+MEZ. Enhanced expression is induced by 
IFN-B+MEZ in the tumorigenic and metastatic human mela 
noma cell C8161, but not its reverted derivative C8161/6.3 
(which retains tumorigenicity, but has lost metastatic poten 
tial). Increased expression is also apparent in H0-1 human 
melanoma cells treated with the demethylating anticancer 
agent phenylbutyrate, the cytokine TNF-C., gamma irradia 
tion and UV irradiation. 
0737 mda-9 may be useful: 1) as a marker for distinguish 
ing between early stage and more progressed human mela 
noma (diagnostic applications); and 2) to identify compounds 
which have the capacity to induce terminal differentiation and 
to induce specific patterns of DNA damage as induced by UV 
irradiation and gamma irradiation (drug screening programs 
to identify new differentiation-inducing and chemotherapeu 
tic agents). Once full-length cDNAS are isolated, this gene 
(used in a sense orientation in an appropriate expression 
vector) may also prove useful in inhibiting growth and induc 
ing terminal differentiation in specific human melanomas 
(therapeutic applications). When used in an antisense orien 
tation, expression of this gene might allow normal cells (such 
as bone marrow cells) to be engineered to be resistant to 
cytotoxicity induced by specific chemotherapeutic agents and 
gamma irradiation (therapeutic applications). 



US 2009/0246272 A1 

mca-9 

(SEQ ID No. 12) 
AAAACTTTCAAGAGATTTACTGACTTTCCTAGAATAGTTTCTCTACTGGA 

AACCTGATGCTTTTATAAGCCATTGTGATTAGGATGACTGTTACAGGCTT 

AGCTTTGTGTGAAAACCAGTCACCTTTCTCCTAGGTAATGAGTAGTGCTG 

TTCATATTACTTTAGTTCTATAGCATACTCGATCTTTAACATGCTATCAT 

AGTACATTAGATGATG 

0738. Additional mda Genes Isolated Using Subtraction 
Hybridization from H0-1 Human Melanoma Cells Treated 
with IFN-B+MEZ 
0739 mda-1: Novel gene which displays increased 
expression in IFN-Band IFN-?3+MEZ treated H0-1 cells after 
24 hours (HP2-36). (Jiang and Fisher, Molecular and Cellular 
Differentiation, 1 (3), in press, 1993). 
0740 mda-2: Novel gene which displays increased 
expression in IFN-Band IFN-?3+MEZ treated H0-1 cells after 
24 hours (HP-3-31). (Jiang and Fisher, Molecular and Cellu 
lar Differentiation, 1 (3), in press, 1993). 
0741 mda-3: Increased expression in MEZ and IFN-B+ 
MEZ treated H0-1 cells after 24 hours (HP2-4). (Identical to 
Human GOS 19-1 mRNA, cytokine (Gb-Pr:Hummipla), 
human TPA-inducible mRNA, pILD78 (GB Pr:HumplaT8). 
(Jiang and Fisher, Molecular and Cellular Differentiation, 1 
(3), in press, 1993). 

mda-11: Novel gene which displays increased 
expression in IFN-B + MEZ treated HO-1 cells after 
24 hours. (HJ 2-78). (87.2% identity to the rat 
ribosomal protein IF116). 

(Seq. ID No. 13) 
CGCACGTCACCCACCTTCCGGCGGCCGAAGACACTGCGACTCCGGAGACA 

GCCCAAATATCCTCGGAAGAGCGCTCCCAGGAGAAACAAGCTTGACCACT 

ATGCTATCATCAAGTTTCCGCTGACCACTGAGTCTGCCATGAAGAAGATA 

GAAGACAACAACACACTTGTGTTCATTGTGGATGTTAAAGCCAACAAGCA 

CCAGATTAACAGCTGTGAGAGCTGTATGACATTGATGTGCAGTACACCTG 

ATCGTCT 

0742 mda-12: Gene which displays increased expression 
in IFN-B+MEZ treated H0-1 cells after 24 hours. (HP 3-8). 
(Identical to Human GOS 19-3 mRNA (Gb-Humcpgcus2), 
LD78A (Gb-Pr:Humld78a). 
0743 mda-13: Gene which displays increased expression 
in IFN-B and IFN-B+MEZ treated H0-1 cells after 24 hours. 
(HP S-7). (Identical to interferon stimulated gene-56 
(ISG56), an IFN-f inducible gene). 

mda-14: Gene which displays increased expression 
in IFN-B + MEZ treated HO-1 cells after 24 hours. 
(HP 2-59 and HP 3-114, same gene isolated inde 
pendently two times). (Identical to interleukin-8 
(IL-8) (Gb-Un: M28130), human mRNA for MDNCF 
(monocyte derived neutrophil chemotactic factor) 
(Gb-Pr: Nummdin.cf). 

(Seq. ID No. 14) 
TAAAAAAATTCATTCTCTGTGGTATCCAAGAATCAGTGAAGATGCCAGTG 

AAACTTCAAGCAAATCTACTTCAACACTTCATGTATTGTGTGGGTCTGTT 
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- Continued 
GTAGGGTTGCCAGATGCAATACAAGATTCCTGGTTAAATTTGAATTTCAG 

TAAACAATGAATAGTTTTTCATTGTACATGAAATATCAGAACATACTTAT 

ATGTAAGTATATTATTGATGACAAACACAATATTTAATATA 

0744 mda-15: Gene which displays increased expression 
in IFN-?3+MEZ treated H0-1 cells after 24 hours (HP 2-64). 
(Identical to vimentin, intermediate filament protein (Gb-Pr: 
Humviment). 
0745 mda-16: Gene which displays increased expression 
in IFN-?3+MEZ treated H0-1 cells after 24 hours. (HP2-18). 
(Identical to human apoferritin H gene (Gb-Pr:Humferg2). 

mda-17: Gene which displays increased expression 
in IFN-B + MEZ treated HO-1 cells after 24 hours. 
(HP 2-40). (Identical to IFP-53 (Gb Pr: Humifp), 
IFN-inducible gamma 2 protein (Gb-Huminfig) . 

(Seq. ID No. 15) 
GGGGGTGAAACTTTCCAGTTTACTGAACTCCAGACCATGCATGTAGTCCA 

CTCCAGAAATCATGCTCGCTTCCTTGGCACACAGTGTTCTCCTGCCAAAT 

GACCCTAGACCCTCTGTCCTGCAGAGTCAGGGTGGCTTTTACCCTGACTG 

TGTCGATGCAGAGTCTGCTCGACAGAT 

mda-18: Gene which displays increased expression 
to IFN-B + MEZ treated HO-1 cells after 24 hours 
(HP 2-45). (Identical to hnRNP A1 protein (Gb-Pr: 
Humrinpal), RNA binding protein (Gb-Pr: Humhnrnpa). 

(Seq. ID No. 16) 
TACGATCAGACTGTTACATTTAGCAATCAACAGCATGGGGCGAAAAAAAA 

AAATCTACTTAAAACCCTTTGTTGGAATGCTTTACACTTTCCACAGAACA 

GAAACTAAAATAACTGTTTACATTAGTCACAATACAGTCTCGA 

0746 Fifth Series of Experiments 
0747 The carcinogenic process often proceeds through a 
series of interrelated Stages and is regulated by multiple 
genetic changes and environmental factors (1-6). Although 
the specific events controlling each component of this multi 
step process remain to be defined, a recurrent theme in many 
cancer cells is an aberrant pattern of differentiation (7-10). In 
addition, as cancer cells evolve, ultimately developing new 
phenotypes or an increased expression of pre-existing trans 
formation-related phenotypes, the degree of expression of 
differentiation associated traits is often further diminished. 
Malignant melanoma epitomizes the process of tumor pro 
gression and emphasizes the selective nature of the metastatic 
phenotype and the growth dominant properties of metastatic 
cells (11-14). Of the numerous types of cancer developing in 
North American populations, melanoma is increasing at the 
fastest rate and it is estimated that as many as 1 in 100 
currently born children may eventually develop superficial 
spreading type melanoma (11). Although melanoma is 
readily curable at early stages, Surgical and chemotherapeutic 
interventions are virtually ineffective in preventing metastatic 
disease and death in patients with advanced stages of malig 
nant melanoma. These observations emphasize the need for 
improved therapeutic approaches to more efficaciously treat 
patients with metastatic melanoma. 
0748. Development of malignant melanoma in humans, 
with the exception of nodular type melanoma, consists of a 
series of sequential alterations in the evolving tumor cells 
(11-15). These include conversion of a normal melanocyte 
into a common acquired melanocytic nevus (mole), followed 






























































