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Evaluation of malignant human tumors in a xenobiotic nude mouse system has demonstrated that not all cells 
in tumors exhibit the capacity to form progressively growing tumors. However, nontumorigenic cells isolated 
from human tumors can be converted to a tumorigenic phenotype in nude mice by treatment with chemical 
carcinogens or by transfection with antisense to tumor suppressor genes. A newly discovered gene, designated 
ML-1, appears to be associated with tumorigenesis, because an ML-1 antisense cDNA construct, transfected into 
nontumorigenic, anchorage-independent growth (AIG) cells, was sufficient to convert these cells into a tumori­
genic phenotype. The AIG cells transfected with ML-1 antisense cDNA constructs and converted to tumorigenic 
cells did not exhibit expression of normal ML-1 mRNA transcripts in the converted cells when evaluated by 
Northern analysis, whereas premalignant and normal cells expressed ML-1 transcripts at a high level. The con­
verted cells exhibited a loss of growth control and produced tumors in a surrogate nude mouse that were greater 
than 2.0 cm in less than 2 months. The ML-1 gene has a DNA sequence that is 2177 bp in size and is located 
on chromosome number 13 on the q arm at site 12-14. Sequence analysis and investigation of GenBank se­
quences indicate that this is a newly described human gene.

ML-1 Malignant conversion Antisense cDNA Chromosome 13

HEAD and neck squamous cell carcinomas (SCC) 
are common tumors that account for 6% of all solid 
tumors in humans (20). Although smoking and alco­
hol are often considered risk factors (2,5) for SCC of 
the oral cavity, the basis whereby epithelial cells ac­
quire tumorigenic potential is not clear. At the molec­
ular level, the activation of oncogenes and the inacti­
vation of tumor suppressor genes are believed to play 
major roles in tumorigenicity (4). The most common­
ly altered genes in SCC are c-myc, p53, and H-ras, 
including an increased expression of c-myc (23) and

mutations in p53 and H-ras (1,7,29). We have pre­
viously isolated and characterized several cell lines 
derived from human head and neck tumors that were 
similar in characteristics to carcinogen-transformed 
normal human cells (15,16,24,25) in that they formed 
colonies in soft agar (AIG), but failed to form tumors 
in nude mice. In these cell lines, c-myc, p53, and H- 
ras expressions were increased (15,24,25) and muta­
tions were detected in codon 12/13 of H-ras and co­
don 126 of p53 (9,15,24). We have extensively inves­
tigated one of these cell lines, designated SCC 83-
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01-82, that was derived from a human oral squamous 
carcinoma. If treated with a chemical mutagen, such 
as methyl methanesulfonate (MMS), this cell line 
produced progressively growing tumors in nude mice
(16). When this and other cell lines, with mutations 
in codons 126 of p53 and 12 of H-ras, were con­
verted to tumorigenicity by MMS, no additional mu­
tations in these genes and no change in the level of 
H -ras mRNA expression were detected (9,16,24,25).

Despite an increasing number of newly discovered 
tumor susceptibility genes, the specific genetic events 
that result in squamous cell carcinomas are unknown. 
Complex interactions among many genes and differ­
ent pathways are involved in the tumorigenesis of dif­
ferent human cell types. The majority of squamous 
cell carcinomas cannot be explained by alterations in 
existing tumor susceptibility genes; therefore, other 
genes must be associated with malignant progression 
and remain uncharacterized.

To identify the genetic factor(s) responsible for tu- 
morigenic conversion of SCC 83-01-82 cells by 
MMS, a nondirectional expression cDNA library was 
constructed using total RNA isolated from the MMS- 
converted, tumorigenic cells and introduced into non- 
tumorigenic SCC 83-01-82 cells by transfection (14). 
The transfected cells produced progressively growing 
tumors with a histopathology similar to that of the 
original patient tumor and to tumors produced by 
MMS-converted cells. From the library, extracted 
from the transfected cells, we recovered two major 
bands of 1.3 and 0.6 kb. The 1.3-kb band, designated 
CATR1.3, was directly associated with the cDNA li­
brary-induced tumorigenic conversion (10), because 
an antisense cDNA construct of this genetic segment 
would convert nontumorigenic cells from either hu­
man tumors or chemically transformed human cells 
into cells that were tumorigenic for nude mice (12). 
The CATR1 gene is 3401 bp in size and is located on 
chromosome 7 on the q arm at site 31-32. Examina­
tion of the literature indicates that a number of differ­
ent human cancers are associated with changes at this 
site on chromosome 7, such as head and neck malig­
nancies, prostate cancer (19,33,34), breast tumors 
(32), T-cell lymphomas (3), and myeloid leukemia 
(21). All of the above malignancies have been found 
to have LOH or mutational changes at 7q31.

The presence of a second major band of 0.6 kb 
from the library suggested that another gene may 
have been involved in the malignant conversion pro­
cess. This gene, designated ML-1, is approximately 2 
kb in size and has no homologous sequences to the 
CATR1 gene. Data presented herein demonstrate that 
the ML-1 gene is located on chromosome 13 on the 
q arm at site 12-14. This region of chromosome 13 
has been shown to be deleted in a number of diverse

human neoplasms including: chronic lymphocytic 
leukemia, which frequently shows a loss of a region 
encompassing BRCA2 at 13ql2,3 (6) and familial and 
sporadic breast cancer with deletions at site 13ql2- 
13 (31). There are also reports that describe structural 
rearrangements of 13ql2-13 in atypical myeloprolif­
erative disorder with T-cell leukemia and eosino- 
philia (28). Interestingly, LOH at 13q has also been 
described in head and neck squamous cell carcino­
mas, which appears to involve BRAC2 (8), but other 
as yet unidentified candidate tumor suppressor genes 
may also be present in this region. ML-1 appears to 
be one of the candidate genes in this region that ex­
hibits a role in oral squamous cell tumor progression. 
The purpose of this investigation was to characterize 
and sequence the ML-1 gene and to determine its role 
in tumorigenic conversion. The combination system 
of transfection-mediated expression cloning in SCC 
cells and tumorigenic selection in nude mice appears 
to be a useful way of isolating tumor susceptibility 
genes without prior knowledge of the gene family.

MATERIALS AND METHODS

cDNA Library Construction

A cDNA library was constructed using total RNA 
isolated from MMS-converted, tumorigenic, SCC-83- 
01-82CA (SCC-CA) cells in accordance with the in­
structions contained in the FastTrack mRNA kit from 
Invitrogen Corp. (Carlsbad, CA). Briefly, poly(A)+ 
RNA was selected from the total RNA obtained from 
the SCC-CA cells using the FastTrack mRNA kit ac­
cording to the manufacturer’s instructions. Five mi­
crograms of poly(A)+ RNA was used to synthesize 
first-strand cDNA, using oligo(dT) primers and Su­
perscript reverse transcriptase from GIBCO/BRL 
(Gaithersburg, MD). Then the BSTXI cloning link­
ers, 5'-GAATTCCACCACA and 5'-GTGGAATTC 
were added to both ends of oligo(dT)-primed cDNA. 
The cDNA with linkers was then purified using a 
cDNA spin column from Pharmacia (Bridgewater, 
NJ) and ligated to the BSTXI site of the eukaryotic 
expression vector pRC/RSV from Invitrogen. The li­
gation mixture was used to transform Escherichia 
coli strain DH10B. The organisms were plated out on 
Luria-Bertani plates containing ampicillin at 50 pg/ 
ml as described in Radloff et al. (22) and the cDNA 
library was used to transfect the nontumorigenic squa­
mous cell carcinoma cell line SCC-83-01-82. The 
transfection procedure is briefly described here: cul­
tured cells at approximately 60% confluency were 
washed twice with 20 ml of phosphate-buffered sa­
line (PBS) and then 40 pi of LipofectAce (GIBCO/ 
BRL) and 30 pg of &z/I-linearized plasmid in 5 ml
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of serum-free medium was added to each plate. After 
overnight incubation, 5 ml of fresh medium contain­
ing 20% FBS was added. The plates were incubated 
for another 24 h and the medium then replaced with 
fresh MEM containing 10% FBS and 250 pg/ml of 
G418 (GIBCO/BRL) for the selection of pRC/RSV- 
transfected cells. After 2 days, the cell cultures were 
split 1:4 in MEM with 10% FBS containing G418 at 
250 pg/ml and after 2 weeks the G418-resistant colo­
nies were pooled and the cells grown to generate >107 
cells for tumorigenic evaluation.

Cloning and RACE Expansion of the ML-1 Gene

Either total RNA or polyadenylated mRNA was 
isolated from tumors induced by cells transfected 
with the cDNA library. An 0.5-pg sample of total 
RNA from the SCC-CA cells and the vector down­
stream primer RS2 were used in the reverse transcrip­
tion reaction to produce the first strand cDNA on a 
standard thermal cycler according to the methods de­
scribed in the GeneAmp RNA PCR kit obtained from 
Perkin-Elmer/Cetus (Norwalk, CT). One fourth of the 
reverse transcription reaction mixture was then used 
for PCR amplification with the cloning linker specific 
primer, 5'-GCCAGTGTGGTGGAATTC. The ampli­
fication cycle protocol was as follows: 95°C for 2 
min, 95°C for 1 min, 56°C for 1 min, and 72°C for 
2 min, through 35 cycles. One 0.6-kb reverse tran­
scriptase RT-PCR product, designated 4J21 (ML-1), 
was subcloned into the BSTXI-digested eukaryotic 
expression vector pRC/RSV. Several clones were se­
lected for the purpose of sequencing.

Sequencing of the ML-1 Gene

Double-stranded plasmid bearing ML-1 cDNA 
was sequenced by using USB Sequenase from United 
States Biochemical (Cleveland, OH). An additional 
upstream cDNA sequence was cloned by 5' RACE 
using Clontech Marathon RACE Kit (Clontech, Palo 
Alto, CA). The primers used in the RACE reactions 
were as follows: a) adaptor primer 1: 5'-CCATCC 
T A AT ACG ACTC ACT AT AGGGC, and nested adap­
tor primer 2: 5'-ACTCACTATAGGGCTCGAGC 
GGC; b) first RACE gene-specific primer: 5'- 
GCTGCCCCGCAACAGCGT, and first RACE nes­
ted gene-specific primer: 5'-GAACAGCGTCGGGG 
GCGTCTTC; c) second RACE gene-specific primer: 
5'-CTTGGTCACCCGGTTGTAGCTC, and second 
RACE nested gene-specific primer: 5'-GCTCCAGG 
CTCCATGAACCAAC.

Preparation of ML-1 Expression Construct

The ML-1 cDNA was produced in the sense and 
antisense orientation as described above. The con­

struction of vectors was accomplished by using an 
eukaryotic expression vector and ligating to the BstXl 
site of the pRC/RSV promoter. Individual clones trans­
fected with either the sense or antisense construct were 
verified for the orientation of the insert by restriction 
enzyme digestion patterns. The insert for this construct 
was amplified from 1 pg of total RNA using primer 
sets specific for human ML-1 cDNA: forward: 5'- 
GACTCTCTGTGTGGCTTATGC, and reverse: 5'- 
GAGACCTCACAGAGCACAGTTG by RT-PCR. 
This amplified fragment was digested by Bspl20I 
and Not I and cloned into Bspl20I digested pcDNA3 
(Invitrogen). Orientation was checked by restriction 
digestion and the insertional region was sequenced 
for correct in-frame expression.

ML-1 Transfection of Cells and 
Tumorigenicity in Nude Mice

Nontumorigenic SCC 83-01-82 cells were trans­
fected with plasmids containing inserts in either the 
sense or antisense orientation. The sense strand con­
struct is orientated in the direction in which the mes­
sages are transcribed and the antisense strand construct 
is in the opposite direction of the transcriptionally ac­
tive sense strand. The transfection procedures of the 
ML-1 constructs were carried out using Lipofectin ac­
cording to the methodology described by GIBCO/ 
BRL and in compliance with the manufacturer’s di­
rections. Two 10-cm plates of the nontumorigenic 
cells were grown to a 60% confluent density and used 
for the transfection experiments with each of the 
sense and antisense constructs. For each dish, 20 pi 
of Lipofectin and 10 pg of supercoiled plasmid were 
incubated in the selection medium overnight. The re­
actants were removed at that time and the cultures 
rinsed with 2 ml of complete MEM to gently rinse 
the cell sheet. The G418-resistant colonies, still at­
tached to the surface of the dishes, were removed and 
pooled. ML-1 transfected cells were harvested by 
trypsinization, washed, and resuspended in MEM at 
2 x 107 cells per ml. Three- to 4-week-old male geno- 
tobiotic nude mice were splenectomized and then 107 
cells were injected SC into their flanks as described 
(12,14). For each batch of cells, one to four sites on 
each mouse were injected. Tumors that were 1-2 cm 
in diameter were harvested for histological analysis 
and cell culture.

Southern Analysis

The integration of the ML-1 pcDNA expression 
vector construct into tumor cell DNA was determined 
by Southern analysis. Genomic DNA from tumors, 
formed by injection of chemically transformed or 
SCC 83-01-82 cells transfected with ML-1 constructs,
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was isolated according to the procedures described in 
Maniatis (13). The DNA was digested to completion 
with appropriate restriction enzymes at an activity di­
lution of 5 units of enzyme per microgram of DNA. 
The recovered samples were electrophoresed on 0.8% 
agarose gels, transferred onto nylon membranes, and 
hybridized for Southern analysis (27). The multi­
primer-labeled vector/insert (i.e., pcDNA-ML-l probe) 
was synthesized with a random primer labeling kit 
purchased from USB (Cleveland, OH). Labeled probe 
was added to the hybridization medium at a final con­
centration of 106 cpm/ml.

Northern Analysis and RT In Situ PCR of 
ML-1 in Normal and Tumor Tissues

The blot (MTC™) used in these studies was pur­
chased from Clontech Inc. (Palo Alto, CA). Each lane 
of the blot contained approximately 2 pg of purified 
poly(A)+ RNA from normal human tissues. The 
probes were labeled by PCR using a pair of gene- 
specific primers (i.e., N045PE1: 5'-CCCCAGCTC 
TACAAAATC, and 4J21R2: 5'-CTTGAGAAAA 
AGCATACCCATGCG), and a probe at 1 x 106 cpm/ 
ml was used in the RT in situ PCR hybridization pro­
tocol according to the method described by Nuovo et. 
al. (18). The tissue sections of the mouse tumors and/ 
or tumors from human patients were prepared as 
5-pm sections from paraffin-embedded tissue. The 
paraffin section was placed on Silane-coated glass 
slides and the paraffin removed by soaking in 60 ml 
of xylene for 5 min and then serially passaged into 
60 ml of 100% ethyl alcohol (EtOH) for 5 min. The 
slides were air dried and prepared for protease diges­
tion in the following manner in 20 x 5-mm boats. 
Each boat can handle four slides. The pepsin solution 
(4 mg of pepsin at pH 1.0 in 0.1 ml of 2N HC1 and 
1.9 ml of 3x water) was used to digest the tissue 
slices in the boats. After 4-5 min of digestion for 
the head and neck tumors, the digestion mixture was 
poured off and the tissue slices rinsed gently with 2 
volumes of 3x water and the slides immersed in 3 ml 
of 100% EtOH and then air dried. These slides were 
then digested with 200 pi of DNase to remove any 
interfering cellular and genomic DNA. The DNase 
digestion solution was composed of 200 pi of DNase 
in 20 pi of lOx buffer (35 pi of 3 M sodium acetate, 
5 pi of 1 M M gS04). Three volumes of 3x water 
were used to rinse the slides. The slides were dehy­
drated under 100% alcohol and then air dried for 1 h 
before use. The reverse transcription assay was car­
ried out in the following manner: 80 pi of the diges­
tion mixture was split up between four slides with 
digested tissue on the slide. This volume of reaction 
mixture contained: 8 p of 5 mM MgCl2, RT buffer at

pH 7.0, dNTP mix with 4 pi of Hexamer primer di­
luted to 20 pi, 4 pi of RNase inhibitor, and 44 pi of 
3x water. These slides were incubated on a cycler 
block and run for 1 cycle at 42°C for 45 min, then 
25°C for 10 min, and lastly at 4°C for 24 h. The 
expression of the gene transcripts was detected in the 
digested tissue slices by first placing the prepared 
slides in 60 ml of 0.2% bovine serum albumin at 
50°C for 10 min to block the digestion of the tissue. 
Antidigoxigenin alkaline phosphatase conjugate (5 
pi) was then added and the slides incubated at 37°C 
for 30 min. This step was followed by adding to the 
reaction mixture 25 pi of NBT/BCIP (Boehringer 
Genie kit) to the wells. The slides were incubated in 
a humidified chamber at 37°C for 5 min, rinsed well 
with several volumes of 12°C tap water for 2-3 min, 
and the fluorescent tissues were counterstained with 
Contrast Red dye at full strength of the stain for 3-6  
s. The slides were then incubated in 3x water for 1 
min, dipped into 95% EtOH, 100% EtOH, Histoclear 
added to the slides, and coverslip mounted with Per- 
mount.

Cytogenetic Analysis

Metaphase preparations of human cells were made 
as described in Molecular Cloning (13) with and 
without colcemide as a mitotic inhibitor. Cells were 
harvested in hypotonic KC1 (0.075 M), centrifuged at 
850 x g  for 10 min, the pellet fixed in methanol/gla- 
cial acetic acid (3:1), an aliquot of fixed cells dropped 
onto a microscope slide, and the slides stored at 20°C 
until used. Localization of the ML-1 gene was carried 
out by fluorescent in situ hybridization (FISH) in ac­
cordance with the manufacturer’s recommendations 
(Oncor Inc., Gaithersburg, MD). The fixed cells were 
counterstained with propidium iodide and FITC-con- 
jugated sheep antidigoxigenin and propidium iodide. 
The metaphases were visualized and photographed 
through a Zeiss Axioskop with an epifluorescent ex­
citation using a pass band filter at 490-520 pm. 
Slides were restained with DAPI to determine the lo­
cation of the probe signal on the banded chromo­
somes.

RESULTS

Tumorigenicity in Nude Mice

Sense and antisense constructs to the newly identi­
fied gene, ML-1, were prepared and transfected into 
a nontumorigenic cell line, SCC 83-01-82. The cell 
line was converted into a tumorigenic phenotype by 
the antisense, but not by the sense, cDNA construct. 
The cDNA construct appears to be part of the ML-1
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FIG. 1. Nude mouse 6 weeks after receiving 107 cells in 0.01 ml of 
medium. The cells were transfected with an M L -1  antisense cDNA 
construct and injected into a 6-week-old mouse as described in 
Materials and Methods.

gene that consists of 2177 bp. In three mice, multiple 
injections of 107 cells at four sites resulted in the de­
velopment of 10 progressively growing tumors >2.0 
cm in diameter within 2-3 months after injection 
(Fig. 1).

When the tumors were histologically evaluated, 
they were interpreted as squamous cell carcinomas 
(Fig. 2) and presented a histopathology consistent 
with that of the original patient tumor (i.e., a squa­
mous cell carcinoma).

The sense transfected cells produced no tumors in 
the nude mice over the same 2-3-month time frame. 
An initial bleb of 0.4 cm formed within 48 h follow­
ing the injection of these cells into mice, but no mass 
was visible after 5 days.

Sequencing of the ML-1 Gene

As presented in Fig. 3, the ML-1 cDNA is 2177 
bp in length. This cDNA encodes 617 amino acids

and contains a polyadenylation site: ATTAAA-se- 
quence and poly(A) at its 3' untranslated region. A 
homology search in the GenBank revealed that this 
sequence is a previously unidentified cDNA in hu­
mans.

ML-1 Expression in Normal and Tumor Tissues

Several different normal human tissue mRNAs 
(contained on blots from Clontech) were monitored 
for levels of expression of the ML-1 gene mRNA us­
ing cDNA probes (Fig. 4). Northern analysis revealed 
detectable levels of expression of the sense tran­
scripts in human brain and placenta (Fig. 4), whereas 
other tissues, such as heart, had no expression (Fig. 
4), which suggests that ML-1 expression may be tis­
sue specific.

Restriction enzyme digests of the genomic DNA 
from tumors produced by ML-1 transfected cells re­
vealed multiple bands (Fig. 5) on the Southern plate 
that contained vector sequences, thereby indicating 
that the ML-1 cDNA was truly integrated into the 
genomic DNA of the different tumors that were in­
duced by ML-1 transfected cells.

In all cases, the nontumorigenic cellular counter­
parts contained no ML-1 construct vectors in the re­
striction enzyme digests. Examination of 8-jim sec­
tions of surgically excised SCC tumor tissue from 
patients indicated that the ML-1 gene sense tran­
scripts were severely depressed (Fig. 6A). Normal 
tissue from other sites of the same patients (Fig. 6D) 
showed normal distribution of the sense transcripts in 
lower layers in the skin. Detectable levels of the ML- 
1 sense transcripts were not found in 10 human cell 
tumors produced in nude mice when evaluated by 
RT-PCR (data not shown).
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FIG. 2. Histopathology of a malignant tumor harvested 8 weeks 
after injection of transfected cells into the subscapular area of the 
nude mouse. The tumor measured over 2.0 cm in diameter. Notice 
that the tumor still exhibits its SCC origin histopathologically. H & 
E stain at an on-plate magnification of 250x.

Localization o f the ML-1 Gene

Examination of 16 metaphase spreads using a di- 
goxigenin-fluorescent stain revealed a consistent 
probe signal on the long arm of chromosome 13, lo­
calized at bands q 12-14 (Fig. 7, upper and lower pan­
els). As identified in the metaphase spreads, the lower 
panel of Fig. 7 presents the location of the ML-1 gene 
on an ideogram.

DISCUSSION

Recently, we demonstrated that the transfection of 
antisense cDNA to a putative human tumor suppres­
sor gene, CATRf into the nontumorigenic SCC 83- 
01-82 cell line converted these cells into a tumori- 
genic phenotype (10). In addition, normal human 
cells that were transformed to an intermediate, non-



134 SUN ET AL.

T o ta l Sequence Length: 
Top Strand:
Bottom Strand:
T o ta l:

2177 b a ses
1 sequ en ces
0 sequ en ces
1 seq u en ces

FEATURES
1 . .  2177
1 . .  2177 

DONE

L o c a t io n /Q u a l if ie r s  
/N ote=" M l-l.SE Q (1>2177)" 
/N ote="O nly_once"

gtcaagaaaagaATGTCTGTAATTGTTCGAACTCCTTCAGGACGACTTCGGCTTTACTGTAAAGGGGCTGATAATGTGAT
TTTTGAGAGACTTTCAAAAGACTCAAAATATATGGAGGAAACATTATGCCATCTGGAATACTTTGCCACGGAAGGCTTGC
GGACTCTCTGTGTGGCTTATGCTGATCTCTCTGAGAATGAGTATGAGGAGTGGCTGAAAGTCTATCAGGAAGCCAGCACC
ATATTGAAGGACAGAGCTCAACGGTTGGAAGAGTGTTACGAGATCATTGAGAAGAATTTGCTGCTACTTGGAGGCACAGC
CATAGAAGATCGCCTTCAAGCAGGAGTTCCAGAAACCATCGCAACACTGTTGAAGGCAGAAATTAAAATATGGGTGTTGA
CAGGAGACAAACAAGAAACTGCGATTAATATAGGGTATTCCTGCCGATTGGTATCGCAGAATATGGCCCTTATCCTATTG
AAGGAGGACTCTTTGGATGCCACAAGGGCAGCCATTACTCAGCACTGCACTGACCTTGGGAATTTGCTGGGCAAGGAAAA
TGACGTGGCCCTCATCATCGATGGCCACACCCTGAAGTACGCGCTCTCCTTCGAAGTCCGGAGGAGTTTCCTGGATTTGG
CACTCTCGTGCAAAGCGGTCATATGCTGCAGAGTGTCTCCTCTGCAGAAGTCTGAGATAGTGGATGTGGTGAAGAAGCGG
GTGAAGGCCATCACCCTCGCCATCGGAGACGGCGCCAACGATGTCGGGATGATCCAGACAGCCCACGTGGGTGTGGGAAT
CAGTGGGAATGAAGGCATGCAGGCCACCAACAACTCGGATTACGCCATCGCACAGTTTTCCTACTTAGAGAAGCTTCTGT
TGGTTCATGGAGCCTGGAGCTACAACCGGGTGACCAAGTGCATCTTGTACTGCTTCTATAAGAACGTGGTCCTGTATATT
ATTGAGCTTTGGTTCGCCTTTGTTAATGGATTTTCTGGGCAGATTTTATTTGAACGTTGGTGCATCGGCCTGTACAATGT
GATTTTCACCGCTTTGCCGCCCTTCACTCTGGGAATCTTTGAGAGGTCTTGCACTCAGGAGAGCATGCTCAGGTTTCCCC
AGCTCTACAAAATCACCCAGAATGGCGAAGGCTTCAACACAAAGGTTTTCTGGGGTCACTGCATCAACGCCTTGGTCCAC
TCCCTCATCCTCTTCTGGTTTCCCATGAAAGCTCTGGAGCATGATACTGTGTTTGACAGTGGTCATGCTACCGACTATTT
ATTTGTTGGAAATATTGTTTACACATATGTTGTTGTTACTGTTTGTCTGAAAGCTGGTTTGGAGACCACAGCTTGGACTA
AATTCAGTCATCTGGCTGTCTGGGGAAGCATGCTGACCTGGCTGGTGTTTTTTGGCATCTACTCGACCATCTGGCCCACC
ATTCCCATTGCTCCAGATATGAGAGGACAGGCAACTATGGTCCTGAGCTCCGCACACTTCTGGTTGGGATTATTTCTGGT
TCCTACTGCCTGTTTGATTGAAGATGTGGCATGGAGAGCAGCCAAGCACACCTGCAAAAAGACATTGCTGGAGGAGGTGC
AGGAGCTGGAAACCAAGTCTCGAGTCCTGGGAAAAGCGGTGCTGCGGGATAGCAATGGAAAGAGGCTGAACGAGCGCGAC
CGCCTGATCAAGAGGCTGGGCCGGAAGACGCCCCCGACGCTGTTCCGGGGCAGCTCCCTGCAGCAGGGCGTCCCGCATGG
GTATGCTTTTTCTCAAGAAGAACACGGAGCTGTTAGTCAGGAAGAAGTCATCCGTGCTTATGACACCACCAAAAAGAAAT
C C A G G A A G A A A T A A gacatgaattttcctgactgatcttaggaaagagattcagtttgttgcacccagtgttaacacatc
tt tg tc a g a g a a g a c tg g c g tc c a a g g c c a a a a c a c c a g g a a a c a c a tt t c tg tg g c c t ta g t ta a g c a g t t tg t ta g t t
a c a ta t tc c c tc g c a a a c c tg g a g tg c a g a c c a c a g g g g a a g c ta tc t t tg c c c tc c c a a c tc g tc tg c a g tg c t ta g c c
t a a c t t t t g t t t a t g t c g t t a t g a a g c a t t c a a c t g t g c t c t g t g a g g t c t c a a a t t a a a a a c a t t a t g t t t c a c c a a t a
agaaaaaaaaaaaaaaa

T r a n s la te  DNA Sequence m ll2 k b .s e q (13 ,1854)
With Standard G en etic  Code

M olecu lar W eight 69188 .41  D altons  
613 Amino A cids
68 S tr o n g ly  B a s ic (+) Amino A cids (K,R)
65 S tr o n g ly  A c i d i c (- )  Amino A cids (D,E)
245 Hydrophobic Amino A cid s (A,I,L,F,W,V)
158 P o lar  Amino A cids (N,C,Q,S,T,Y)

7 .784  I s o l e c t r i c  P o in t  
4 .778  Charge a t  PH 7 .0

T o ta l number o f  b a se s  t r a n s la te d  i s  1842 
% A -  25 .14  [463]
% G -  26 .71  [492]
% T -  25 .57  [471]
% C = 22 .58  [416]
% Ambiguous = 0 . 0 0  [0]

% A+T = 50 .71  [934]
% C+G = 49 .29  [908]

D a v i s , B o t s t e i n , R o t h  M eltin g  Temp C. 84.84  
W allace Temp C 6332.00

MSVIVRTPSGRLRLYCKGADNVIFERLSKDSKYMEETLCHLEYFATEGLRTLCVAYADLSENEYEEWLKVYQEASTILKD
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FIG. 5. Southern analysis of the genomic DNA from different 
ML-7 transfected tumors excised from the nude mice. Ten micro­
grams of genomic DNA, previously digested with X h o l,  was used 
in each lane and the membrane probed with the multiprimer la­
beled vector/insert (i.e., p c D N A -M L -1 ) . The origin of the tumor 
cell DNA is indicated at the top of each lane (left to right: lane 1, 
aflatoxin B1 transformed cells transfected with antisense ML-7; 
lane 2, propane sultone transformed cells transfected with anti- 
sense ML-7; lane 3, second tumor from propane sultone trans­
formed cells transfected with antisense ML-7; lane 4, thorax tumor 
induced by SCC cells transfected with antisense ML-7 and injected 
into the tail vein; lane 5, subcutaneous tumor induced by SCC cells 
transfected with antisense ML-7; lane 6, SCC cells transfected with 
antisense ML-7). Markers for the analysis were E c o R \-  and H in -  
dlll-digested lambda DNA.

FIG. 4. Northern analysis of ML-7 mRNA expression in normal 
human tissue. The blot (MTC™) used here was purchased from 
Clontech, Inc. Each lane of the blot contains approximately 2 pg 
of purified poly(A)+ mRNA from normal human brain and pla­
centa. The probes were labeled by PCR using a pair of gene-spe­
cific primers and probed at 1 x 106 cpm/ml. Arrows indicate the 
location of the ML-7 targets and asterisk (*) indicates the presence 
of H P R T  that was used as a positive control (A). The data pre­
sented here were supported and confirmed by RT-PCR reaction 
and analysis of the products using G3PDH as a positive control 
(B). The primer mix was supplied by Clontech, Inc.

malignant, AIG phenotype with chemical carcinogens 
were also converted to a tumorigenic phenotype 
when these cells were transfected with an antisense 
cDNA construct of the CATR1 gene (12).

Analysis of diverse phenotypes isolated from hu­
man malignant tumors shows a lack of a consistent 
and causal relationship between the presence of mu­
tations in several tumor suppressor genes and proto-

FACING PAGE
FIG. 3. Coding sequence of the nucleotide region on chromosome 13 site 12-13 and the peptide sequence. This human protein has previously 
not been identified in human cells. Both nucleotide and peptide sequences were used to search the GenBank data base, using the BLAST 
program. No homology with human cDNA was found except for partial homology with B R A C 2 .
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13
FIG. 7. The upper panel shows the location of the ML-1 gene on 
human chromosome 13q by FISH. The identification of the ML-1 
gene was confirmed by hybridization of the alpha-satellite probe 
to the same chromosome at the centromere. The probe was local­
ized to 13ql2-13 following DAPI staining of the same metaphase 
(not shown here) to produce a banding pattern. The lower panel is 
an ideogram of chromosome 13 showing the approximate location 
of the ML-1 gene (between the two arrows) on the chromosome.

oncogenes and the cells’ ability to produce tumors in 
a surrogate host (9,15). Mutated H-ras oncogene is 
found inconsistently in many head and neck tumors 
and in chemically transformed normal human cells, 
which leads us to believe that both the frequency and 
occurrence of mutated H-ras is not correlated with 
the presence of SCC head and neck malignant pheno­
types (9). The variability in the spectrum of muta­
tions in tumor suppressor genes and oncogenes in 
nontumorigenic and tumorigenic SCC phenotypes 
strongly suggests that there may be more than one 
pathway leading to the development of SCC and that 
this cascade in progression may involve different loci 
on different human chromosomes. Our findings that 
both the CATR1 gene and the ML-1 gene (as de­
scribed in this manuscript) are located on different 
chromosomes, in similar oral tumors with a similar 
pathology, strongly support this contention. Further, 
we have shown herein that a decrease in the expres­
sion of normal sense transcripts of the ML-1 gene, 
following transfection of nontumorigenic cells with 
antisense ML-1 cDNA constructs, was consistently 
associated with the establishment of a tumorigenic 
phenotype in nude mice. In confirmation, we have 
found results similar to those reported here in another 
human cell model system. In this model, EBV 
growth-transformed human cells were converted to 
B-cell lymphomas by transfection with CATR1 
cDNA antisense constructs (11), and it was found 
that the level of CATR1 sense strand transcripts was 
greatly reduced in the B-cell tumors in contrast to 
that in the EBV growth-transformed lymphocytes 
(11). Naylor et al. (17) have shown that a loss of 
tumor suppressor loci on chromosome 9, due to a par­
tial or complete loss of chromosome 9 or deletion 
at p21-22, is also associated with expression of the 
malignant stage of progression of head and neck tu­
mors. Also, in some head and neck cancers a loss of 
heterozygosity of the Rb gene has been observed (30) 
and lesions in the p53 gene were found in some head 
and neck tumors (26).

An interesting feature of the ML-1 gene is that an 
antisense cDNA construct could convert nontumori­
genic cells to a tumorigenic phenotype, whether the 
nontumorigenic phenotype was isolated from a heter­
ogenous human tumor or from normal human cells 
transformed to a nontumorigenic, anchorage-indepen-

FACING PAGE
FIG. 6. Photographs of RT in situ PCR showing depressed expression of the ML-1 gene transcripts in tumor tissue. (A, B, C) Tumor tissue. 
(D, E, F) Normal tissue analyzed for ML-1 expression. There is an absence of expression of the ML-1 normal sense transcripts in tumor 
tissue (A) compared to normal tissue (D). (B) and (C) represent negative and positive controls for tumor tissue, respectively. (E) and (F) 
are of negative and postivie controls for normal tissue, respectively.
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dent growth phenotype by chemical carcinogens. 
Lastly, the location of ML-1 at the 13ql2-14 site is 
intriguing, as this region of chromosome 13 has been 
shown to be deleted in a number of diverse human 
neoplasms. These include: chronic lymphocytic leu­
kemia, which has frequently shown a loss of a region 
encompassing BRCA2 at 13ql2,3 (6), and familial 
and sporadic breast cancer at site 13ql2-13 (31). 
There are also reports that describe structural re­
arrangements of 13ql2-13 in atypical myeloprolifera­
tive disorder with T-cell leukemia and eosinophilia 
(28). Interestingly, LOH at 13q has been described

in head and neck squamous cell carcinomas, which 
appears to involve BRAC2 (8), but other unidentified 
candidate tumor suppressor gene(s) may also be pres­
ent in this region. ML-1 appears to be one of those 
candidate genes that exhibits a pivotal role in oral 
squamous cell tumor progression.

ACKNOWLEDGMENT

This work was supported in part by NIH/NIDR 
Grant lPO l DE12704.

REFERENCES

1. Bos, J. L. Ras oncogenes in human cancer: A review. 
Cancer Res. 49:4682-4689; 1989. (Published erratum 
appears in Cancer Res. 50:1352; 1990.)

2. Burch, J. D.; Howe, G. R.; Miller, A. B.; Semenciw, 
R. Tobacco, alcohol, asbestos, and nickel in the etiol­
ogy of cancer of the larynx: A case-control study. J. 
Natl. Cancer Inst. 67:1219-1224; 1981.

3. Collard, J. G.; van de Poll, M.; Scheffer A.; Roos, E.; 
Hopman, A. H.; Guerts van Kessel, A. H.; van 
Dongen, J. J. Location of genes involved in invasion 
and metastasis on human chromosome 7. Cancer Res. 
47:6666-6670; 1987.

4. Fearon, E. R.; Vogelstein, B. A genetic model for colo­
rectal tumorigenesis. Cell 61:759-767; 1990.

5. Flanders, W. D.; Rothman, K. J. Interaction of alcohol 
and tobacco in laryngeal cancer. Am. J. Epidemiol. 
115:371-379; 1982.

6. Garcia-Marco, J. A.; Caldas, C.; Price, C. M.; Wiede- 
man, L. M.; Ashworth, A.; Catovsky, D. Frequent so­
matic deletion of the 13ql2.3 locus encompassing 
BRCA2 in chronic lymphocytic leukemia. Blood 88: 
1568-1575; 1996.

7. Gusterson, B. A.; Anbazhagan, R.; Warren, W.; 
Midgely, C.; Lane, D. P.; O’Hare, M.; Stamps, A.; 
Carter, R.; Jayatilake, H. Expression of p53 in prema- 
lignant and malignant squamous epithelium. Oncogene 
6:1785-1789; 1991.

8. Kirkpatrick, H.; Waber, P.; Hoa-Thai, T.; Barnes, R.; 
Osbome-Lawrence, S.; Truelson, J.; Nisen, P.; Bow- 
cock, A. Infrequency of BRCA1 alterations in head 
and neck squamous cell carcinoma. Oncogene 14: 
2189-2193; 1997.

9. Lee, H.; Li, D.; Prior, T.; Casto, B. C.; Weghorst, C.; 
Shuler, C.; Milo, G. E. Nontumorigenicity of human 
tumor cell lines with mutations in p53 and ras genes. 
Cell Biol. Toxicol. 13:419-434; 1997.

10. Li, D.; Noyes, I.; Shuler, C.; Milo, G. E. Cloning and 
sequencing of CATR1.3 a human gene associated with 
tumorigenic conversion. Proc. Natl. Acad. Sci. USA 
92:6409-6413; 1995.

11. Li, D.; Sun, X. L.; Casto, B. C.; Yan, H.; Fang, J.; 
Theil, K.; Glaser, R.; Milo, G. EBV virus growth- 
transformed cells are converted to malignancy follow­

ing transfection of a 1.3 kb CATR1 antisense construct 
independent of a change in the level of c-myc expres­
sion followed by an 8; 14 chromosomal translocation. 
Proc. Natl. Acad. Sci. USA 95:4894-4899; 1998.

12. Li, D.; Yan, H.; Chen, J.; Casto, B. C.; Theil, K. S.; 
Milo, G. E. Malignant conversion of human cells by 
antisense cDNA to putative tumor suppressor gene. 
Carcinogenesis 17:1751-1755; 1996.

13. Maniatis, T.; Fritsch, E. F.; Sanbrook J. Molecular 
cloning: A laboratory manual, 2nd ed., vol. 1. Cold 
Spring Harbor, NY: Cold Spring Harbor Laboratory; 
1989.

14. Milo, G. E.; Li, D.; Casto, B. C.; Theil, K.; Shuler, C.; 
Noyes, I.; Chen, J. Malignant conversion of chemi­
cally-transformed normal human cells. Proc. Natl. 
Acad. Sci. USA 93:5229-5234; 1996.

15. Milo, G. E.; Shuler, C.; Kurian, P.; French, B. T.; 
Mannix, D. G.; Noyes, I.; Hollering, J.; Sital, N.; 
Schuller, D.; Trewyn, R. W. Nontumorigenic squa­
mous cell carcinoma line converted to tumorigenicity 
with methyl methanesulfonate without activation of 
HRAS or MYC. Proc. Natl. Acad. Sci. USA 87:1268- 
1272; 1990.

16. Milo, G. E.; Shuler, C. F.; Stoner, G.; Chen, J. C. Con­
version of premalignant human cells to tumorigenic 
cells by methylmethane sulfonate and methylnitroni- 
trosoguanidine. Cell Biol. Toxicol. 8:193-205; 1992.

17. Naylor, M. F.; Brown, S.; Quinlan, C.;, Pitha, J. V.; 
Everett, M. A. 9q21 deletions in primary melanoma. 
Dermatol. Online J. Abstr. 3(2): 1; 1997.

18. Nuovo, G. J.; Lidonnici, K.; MacConnell, P.; Lone, B. 
Intracellular localization of polymerase chain reaction- 
amplified HIV-1 nucleic acid and tumor necrosis fac­
tor-alpha RNA in the central nervous system. Am. J. 
Pathol. 144:659-666; 1993.

19. Oakahashi, S.; Shan, A. L.; Ritland, S. R.; Delacey, K. 
A.; Bostwick, D. G.; Lieber, M. M.; Thibodeau, S. N.; 
Jenkins, R. B. Frequent loss of heterozygosity at 
7q31.1 in primary prostate cancer is associated with 
tumor aggressiveness and progression. Cancer Res. 55: 
4114-4119; 1995.

20. Parkin, D. M.; Laara, E.; Muir, C. S. Estimates of the



M L -1  GENE TRANSCRIPTS IN MALIGNANT CONVERSION 139

worldwide frequency of sixteen major cancers in 1980. 
Int. J. Cancer 41:184-197; 1988.

21. Pederson, B.; Ellegard, J. A factor encoded by 7q31 
suppresses expansion of the 7q-clone and delays cyto­
genetic progression. Cancer Res. Cytogenet. 78:181- 
188; 1994.

22. Radloff, R.; Bauer, W.; Vinograd, J. A dye-buoyant- 
density method for the detection and isolation of 
closed circular duplex DNA: The closed circular DNA 
in HeLa cells. Proc. Natl. Acad. Sci. USA 57:1514- 
1521; 1967.

23. Riviere, A.; Wilckens, C.; Loning, T. Expression of 
c-erbB2 and c-myc in squamous epithelia and squa­
mous cell carcinomas of the head and neck and the 
lower female genital tract. J. Oral Pathol. Med. 19: 
408-413; 1990.

24. Shuler, C.; Kurian, P.; French, B. T.; Noyes, I.; Sital,
N.; Hollering, J.; Trewyn, R. W.; Schuller, D.; Milo, 
G. E. Noncorrelative c-myc and ras oncogene expres­
sion in squamous cell carcinoma cells with tumori- 
genic potential. Teratogen. Carcinogen. Mutagen. 10: 
53-65; 1990.

25. Shuler, C. F.; Milo, G. E. Morphologic and molecular 
characterizations of plastic tumor cell phenotypes. In: 
Milo, G. E.; Casto, B. C.; Shuler, C. F., eds. Transfor­
mation of human epithelial cells: Molecular and onco­
genetic mechanisms. Boca Raton: CRC Press; 1992: 
211-234.

26. Shuler, C. F.; Milo, G. E. Tumor cell phenotypes: Mor­
phologic and molecular characterizations. In: Wein­
stein, I. B., ed. Encyclopedia of cancer, vol. III. New 
York: Academic Press; 1997:1868-1882.

27. Slingerland, J. M.; Jenkins, J. R.; Benchimol, S. The

transforming and suppressor functions of p53 alleles: 
Effects of mutations that disrupt phosphorylation, 
oligomerization and nuclear translocation. EMBO J. 
12:1029-1037; 1993.

28. Still, J. H.; Roberts, T.; Cowell, J. K. Fine structure 
physical mapping of a 1.9 Mb region of chromosome 
13ql2. Ann. Hum. Genet. 61:15-24; 1997.

29. Tadokoro, K.; Ueda, M.; Ohshima, T.; Fujita, K.; Riki- 
maru, K.; Takahashi, N.; Enomoto, S.; Tsuchida, N. 
Activation of oncogenes in human oral cancer cells: A 
novel codon 13 mutation of c-H-ras-1 and concurrent 
amplifications of c-erbB-1 and c-myc. Oncogene 4: 
499-505; 1989.

30. Templeton, D. J.; Weinberg, R A. The biology of skin. 
Am. Cancer Soc. Clin. Oncol. 165-175; 1995.

31. Van den Berg, J.; Johannason, O.; Hakansson, S.; Ols- 
son, H.; Borg, A. Allelic loss at chromosome 13q 12—3 
is associated with poor prognosis in familial and spo­
radic breast cancer. Br. J. Cancer 74:1615—1619; 1996.

32. Zenklusen, J. C.; Bieche, I.; Lidreau, R.; Conti, J. C. 
(C-A)n microsatellite repeat D7S522 is the most com­
monly deleted region in human primary breast cancer. 
Proc. Natl. Acad. Sci. USA 91:12155-12158; 1994.

33. Zenklusen, J. C.; Thompson, J. C.; Klein-Szanto, A. J.; 
Conti, J. C. Frequent loss of heterozygosity in human 
primary squamous cell and colon carcinomas at 
7q31.1: Evidence for a broad range tumor suppressor 
gene. Cancer Res. 55:1347-1350; 1995.

34. Zenklusen, J. C.; Thompson, J. C.; Troncoso, P.; Ka­
gan, J.; Conti, J. C. Loss of heterozygosity in human 
primary prostate carcinomas: A possible tumor sup­
pressor gene at 7q31.1. Cancer Res. 54:6370-6373;
1994.


