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Abstract. Differential display technique was applied to a pair of
cell lines derived from human breast carcinoma cell line MDA-
MB 435 with metastatic and non-metastatic properties in the
nude mouse system, with the objective Lo isolate genes involved
in metastasis. DRIM (Down-Regulated In Metastasis) was the
only gene found to be differentially expressed in this systen.
DRIM encodes a protein comprising 2785 amino acids with
significant homology to a protein in yeast and C. elegans. The
protein contains a conserved positively charged tail and several
HEAT repeats, designated after four functionally characterized
proteins in which the repeat was detected. Most of the
hydrophobic regions of DRIM can be assigned to HEAT repeals.
Expression of DRIM at the RNA level was investigated in several
normal tissues and tumor cell lines.

The discovery that mutant athymic mice do not reject
heterotransplants of human tumor tissue (1) paved the way
for the establishment of metastasizing and non-metastasizing
wmor cell lines derived from each other as tools for the
identification of genes involved in tumor progression and
metastasis (2,3,4). From these cxperiments it was concluded
that the capability to metastasize is an inherent property of
individual tumor cells, which can be reproduced  with
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substantial reliability by their progeny in immunologically
comprotnised hosts.

With the advent of techniques allowing the investigation of
genes differentially expressed in cell lines to be compared or
in pathological versus non-pathological tissue, identification
of genes involved in pathogenesis of disease became feasible.
It is well documented now that the progression of cancer is
brought about by the implementation of new patterns of
expression of genes which mediate cell cycle control,
adhesion, angiogenesis, invasion and finally metastasis (5,6).
Clinical progression of breast cancer is known to be mediated
by several defined molecular cvents, such as: estrogen-
independent growth, tamoxifen resistance, acquisition of
vimentin expression, increase of invasiveness and finally
cross-resistance to a wide variety of chemothe-rapeutic agents
referred to as multi-drug resistance (7, 8). In order to identify
genes involved in metastasis of breast cancer we made use of
cell line MDA-MB-435, which was isolated from a pleural
effusion of a patient with breast cancer (9). We have derived
2 metastatic and a non-metastatic variant of this cell line and
describe here the identification of a new gene which is almost
exclusively expressed in the non-metastasizing variant as the
only differentially expressed gene by applying differential-
display techniques (10, 11, 12).

Materials and Methods

Animals. Athymic mice (MFINu) were obtained from the animal
preeding facility at the John Radeliffe Hospital, Oxford University, UK.
Mice were used at 6 - 8 weeks of age and were kept in filter-lop boxes in
2 nude mouse isolation suite for the duration of the experiments.

Cell culture. 4Ad and 2C5 cells are cloned sublines of MDA-MB-435
which we isolated by the limiting dilution technique. These cells were
maintained in Dulbeccos’s Modified Eagle Medium (DMEM) (Flow
Laboratories, Irvine, U.K.) supplemented with 5 % new born call serum,
sodium pyruvate, L-glutamine {2mM), non-cssential amino acids and 2x
vitamin solution (GIBCO, Paisley, U.K.). The cultures were incubated at
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37°C in & humidified atmosphere of 5 % CO295 % air. For passaging
tumor cells were harvested by washing the monolayer with phosphate
buffered saline (PBS) and briefly incubating them in (.25 % trypsin-0.02
% BDTA. The detached cells were washed by centrifugation and
resuspended in DMEM ready for counting and incculation.

All other mammary carcinoma cell lines referred to in this paper were
grown under the same conditions,

From MDA-MB435, first MDA-MB-lung was established from
pooled lung metastases arising in a nude mouse which had been injected
with MDA-MB435. MDA-MB-lung is much more metastatic than the
parent line. A series of clones were obtained by serial dilution of MDA-
MB-lung in 96 well plates and subsequent clonal expansion. Clone 4A4 is
metastatic, whilst clone 2C5 is not metastatic.

Tumourigenicity and metastasls formation in vivo, The wmourigenicity
and spontaneous metastatic capability of the cells were determined by
the injection of groups of nude mice with 1 x 10% cells in 0.1 ml DMEM
into the lower right hind flank, either subcutaneously or in the right
posterior mammary fat pad. The animals were monitored every 2 - 3
dlays for up to 5 months for their state of health and tumor growth. The
ratc of primary tumor growth of two of the MDA clones (4Ad and 2C5)
was determined by plotting the means of two orthogonal diameters of
the tumors, measured at 20 day intervals up to 100 days alter injection.
All animals were killed and autopsied 5 months after inoculation unless
moribund earlier.

The experimental metastalic pmcnlml of the cell lines was assessed by
intravenous injection of | x 10° cells in 0.1 ml serum-free DMEM into
the lateral tail vein of nude mice. Recipient animals were killed and
autopsied 2 months after injection.

Metastasis formation was assessed by macroscopic observation of all
major organs for secondary tumors and confirmed by histological
examination of organs and lymph nodes. Tissue samples {or histological
analysis were lixed in [0 % neutral formalin and embedded in paraffin
wax or seetioning and staining,

Differential display PCR. Differential Display Polymerase chain reaction
(DD-PCR) was performed Tollowing the method deseribed by Liang and
Pardee (10, 11, 12) using the RNAmap kits (Genllunter Corp.,
Brookline, MA) according to the manuflacturer’s recommendations.

Total RNA was isolated from 4A4 and 205 cells by the single step
method deseribed by Chomezynski and Sacehi (13) using the Total RNA
Isolation System (Promega Corp., Madison, WI). Elimination of
contaminating traces ol DNA from total RNA samples was performed
by digestion at 37°C Tor 30 minutes with RNase-free DNasel using the
MessageClean kit (GenHunter Corp., Brookline, MA).

DNA-[ree total RNA (0,2 pg) from 4Ad and 205 cells was used as a
template for first strand synthesis in the presence of 0pM T)HMCG,
TiaMC, TMA and THMT anchored primers (where M is threefold
degenerate for G, A and C), | x reverse transeriplase buffer {125 mM
Tris-Cl, pll 83, 188 mM KCl, 7.5 mM MpCh, 25 mM dithiothreitol
(DT and 250°uM ANTP mix. The solution was healed 10 65°C for §
minutes and cooled o 37°C for 10 minutes, and then 200 units of
Moloney murine leukemia virus (MMLV) reverse transeriplase were
added, Alter incubation at 37°C for 1 hour the reaction was lerminated
by incubation at 95°C lor § minutes.

PCR was performed in a mix containing (.1 volume of reverse
transeription reaction mixture, 10 tM of the respective TisMN anchored
primer, 2 pM arbitrary [0-mer primer, | x PCR baffer [100 mM Tris-Cl,
pH 8.4, 5()() mM KCl, 15 mM MgCly, 0,01 % gelatin], 25 uM dNTP, 10
pCi {u- S]dAT ,and | unit of AmpliTagq DNA polymerase (Perkin
Elmer, Norwalk, CT), PCR included a total of 40 cycles at 94°C for 30
seconds, 40°C for 2 minutes, 72°C for 30 seconds, and finally 5 minutes
at 72°C.

Alter adding 2 ul loading bulter 1o 3.5 pl of each sample, the PCR
products were heated at 80°C for 2 minutes and then loaded on a
denaturing 5% polyacrylamide sequencing gel for clectrophoresis. The
dried gel was exposed to Kodak BioMax MR film for 48 hours at room
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temperature and the auloradiogram was analyzed with respect to
differentially expressed genes. The reaction displaying unique fragments
in one of the two cell lines was subsequently confirmed by repeating
reverse transcription and PCR.

Unique bands reproducibly displayed in two independent DD-PCR
reactions were excised from the dried gel and the cDNA was cluted from
the gel by soaking the gel slice in 100 pf of HyO for 10 minutes and
subsequent boiling for 15 minutes. The cDNA was recovered by ethanol
precipitation in the presence of 3 M NaOAc and 30 pg glycogen as a
carrier and redissolved in 10 11 of Hp0.

Four ul of eluted cDNA were reamplified in a second PCR using the
same 5" and 3' primers and conditions described above except for ANTP
concentrations of 20 uM and no radioisotope included in the reaction,

The amplified PCR fragments obtained were analyzed on a 1.5 %
agarose gel, then purified using the OIAquick Gel Extraction kit
(Qiagen, Hilden) and used as probes [or Northern analysis.

Northern blot analysis. Poly A* RNA was isolated [rom total RNA using
the PolyATtract I mRNA Isolation System (Promega Corp., Madison,
WI). Paralle! lanes of poly AY RNA from 4A4 and 2C5 cells (1 pg of
cach cell line) were size-separated on a denaturing | % agarose
formaldehyde gel and then transferred to a positively charged nylon
membrane (Boehringer Mannheim Gmbl, Mannbeim) by capillary
blotting in 20 x $SC (3 M NaCl, 0.3 M Nagjcitrate 2H,0, pH 7.0). After
UV-crasslinking (’Slmmgcnc UV Stratalinker  1800)  blots  were
hybridized to [u “PJdCTP-labeled  DD-PCR - products  prepared hx
random hexamer priming and labeled to a specilic activity of 5 x 1¢
dpm/pg using the Random Primed DNA Labeling Kit (Boehringer
Mannheim  GmbH, Mannheim).  Pre-hybridization (5 hours) and
hybridization with radioactive probes ovcrnighl were performed in 50 %%
formamide, § x §8C. § x Denhardt solution, 1 % SDS and 100 pg/ml
denatured salmon sperm DNA a1 42" C. Membranes were washed with 1
% SSC, OF % SDS at room temperature for 15 minutes twice lollowed by
washing with (.25 x 5SC, 0.1 % SDS at 55 to 607 C for 15 to 30 minutes
and exposed for autoradiography at -80"C for 48 to 72 hours, Equal
loading and transfer of mRN/\ to the membrane was assessed by
hybridizing the blots with “Polabeled Bactin cDNA.

Cloning of DD-PCR fragments. Northern analysis was first performed
using  hybridization  probes  gencrated  direetly from PCR - re-
amplification, Those amplificd PCR Tragments detecting, differentiolly
expressed mRNAs on a Northern blot were subeloned into the PCRIT

<vector by the TA Cloning System (fovitrogen, San Dicgo, CA).

Subcloned  fragments were isolated using the Qiagen plasmid kit
(Qiagen, Hilden) and again used as probes for Northern analysis to
verily differential mode of expression.

DNA sequencing of subcloned DD-PCR fragments. Those subcloned
fragments  corresponding  to. mRNAs with  differential mode  of
expression were sequenced direetly after subcloning into the TA cloning
veetor (see above) using the Dye ‘Terminator Cyele Sequencing Ready
Reaction Kit (Applicd Biosystems, Foster City, CA). The nt sequence
data were analyzed with respeet 1o homology to known penes in the
Genbank and EMBL DNA data bases using the computer program
BLAST.

¢DNA library screening. For isolation ol ¢DNA, a 900 bp subcloned DD-
PCR fragment which detected a differentially expressed mRNA was
used ag a probe (o sereen a HeLa ¢DNA library (Clontech, Palo Alto,
CA) that had been consiructed in a lambda gt10 vector, The isolated
¢DNA clones were sequenced in a lambda gt10 vector and compared to
the subcloned DD-PCR-fragment, For isolation of full-length cDNA &
5'probe of the ¢DNA was prepared and used for rescreening of the
library. This procedure was repeated for five times until the S'end of the
¢DNA was isolated.

5'RACE PCR. To identify the 5™-extended region of the cDNA showing
differentinl mRNA expression a SRACE (Rapid Amplification of
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¢DNA Ends) PCR was performed following the method as described in
(14) with some modifications (15).

For amplification of the 5-cDNA end anti-sense gene-specific 24-mer
primers were used. The obtained RACE PCR products were
sequenced on both strands and compared to the cDNA clone isolated
from cDNA library screening,

Multiple Tissue Northern blots. To examine the tissue-specific expression
of DRIM, the distribution of DRIM mRNA in different human tissues
was analyzed by Northern blot analysis using Multiple Tissue Northern
blots (Clontech, Palo Alto, CA), The MTN blots containing size-
fractionated mRNA extracted from various human tissues were probed
with an [azZP_]dCT P-labeled cDNA probe derived from the 3 ‘-coding
region of DRIM, Equal loading of mRNA was verified by rehybridizing
the blots with [0**PdCTP-labeled B-actin cDNA.

Results

Characteristics of clones 444 and 2C5. As described in the
Materials and Methods section both clones were derived from
the mammary carcinoma cell line MDA-MB-435 resulting in
a metastatic (4A4) and a non-metastatic (2C5) variant. The in
vitro growth characteristics of clones 4A4 and 2C5 are almost
identical, generally retaining the characteristics of the parent
cell line, which consists of mononucleated cells with a spindle-
shaped appearance, & low cytoplasm to nuclear ratio and
visible nucleoli. At confluence around 5 - 10 % the population
consists of multinucleated “giant cells”. We have noticed that
cell line 2C5 is exhibiting a slightly higher cytoplasm to
nucleus ratio. In vivo their behavior is totally different. After a
latent period of approximately 6 weeks both clones begin to
produce tumors in nude mice (16, 17). Tumors derived from
clone 4A4 grow more rapidly than 2C5, but more importantly,
clone 4A4 is metastatic, whilst clone 2CS is not metastatic.

Differential expression of a 10kb mRNA in cell lines 444 and
205, Both cell lines were grown to confluence before RNA
was extracted for gene expression studies. Northern blotting
experiments revealed the expression of vimentin (8) in both
cell lines, the estrogen-receptor and p33 displayed signals of
the same intensity in both cell Tines (data not shown). Both
cell lines were negative with respeet to expression of
metalloproteinases MMP2 and MMPY (18); however,
interstitial collagenase (Collagenase type V) was equally
expressed in both cell lines (data not shown). Urokinase and
urokinase receptor (19, 20) messenger RNAs were expressed
al cquivalent levels in both cell lines, whereas E-Cadherin
(21) messenger RNA was undetectable in both cell lines (data
not shown). Both cell lines scored positive with respect to
erbB2 receptor (22) mRNA and negative with respect to EGF
receptor (22) mRNA (data not shown). Extensive Differential
Display experiments as outlined in the Materials and
Methods section revealed only one species of messenger
RNA being differentially expressed in clones 4A4 and 2C5.
The steady state level of a 10 kb mRNA was increased 10 fold
in the non-metastatic variant 2C5 (Figure 1). In the following
this mRNA and its corresponding cDNA will be referred to as
DRIM (Down-Regulated In Metastasis).

10 kb b

Figure 1. Differential expression of DRIM messenger RNA in cell lines 444
and 2CS displayed by Norther blot analysis. RNA derived from different
cell culturing experiments (fanes a and b versus lanes ¢ and d) are disployed.
PolyA+RNA from cell lines 444 (lanes « and ¢) and 2C5 (lanes b and d)
was electrophoresed on o denaiwring 1 % agarose formaldehyde gel,
transferred to a positively charged nylon membrane and hybridized to an
/(x‘?zP/dCTP-Iabeled Jrapment covering part of the 3 coding region of
DRIM ¢DNA. The blot was rehybridized to @ human factin probe as an
Internal reference. Size of marker is indicaied,

DRIM mRNA encodes a new protein. The nt as well as the aa
sequence of the new protein are displayed in Figure 2. The
open reading frame encodes a protein of 2785 aa. Significant
homology to a yeast protein and to d protein from C. elegans
was identified. Homology comparisons are displayed in
Figure 3. It reveals that DRIM contains long hydrophobic
patches, but also regions with clusters of positively charged
residues. Homologies to proteins in ycast and C. elegans
confirm the correctness of the sequence, a match to a thale
cress EST indicates a wide phylogenetic distribution among
cukaryotes. The multiple alignment in Figure 3 reveals a
conserved positively charged tail which appears (o be
functionally relevant. There are a few other conserved
clusters of charged aa (Figure 3) suggesting unknown binding
functions. Most of the hydropbobic regions can be explained
by the presence of divergent HEAT repeats, segments
comprising approximately 40 aa each of which appears 10
consist of a helix-loop-helix structure (30). The HEAT
repeats seem to cover almost the entire sequence although
only part of them could be assigned with confidence (Figure
3). The absence of a signal sequence and the presence of
HEAT repeats suggest an intracellular localization of DRIM.
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Figure 2. Nucleotide and amino acid sequence of DRIM. Nucleatides of the S-and 3-untranslated regions are displayed by small letters, nucleoticdes of the
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asoagygyotcaagecgoaogtgagaaagtotgrgunatotgggattaggagagtatagaa
tgtgagocgotttoocateottanctgtoggttgoatoacttogacactocogaggeagte
gagggoecactggccototgoagee

ATGAAGACARAGCCCBTTTCCCACARGACCGAGAAC

M XK T K P V 8 H X T E N
ACCTACCGGTTTCTTACAT T TGCTGAACGACT GGGGAATGTTAATATTGATATTATTCAC
T ¥ R P L T F A E R L GG N VvV N I p I T H
CGGATTGATAGAARCTGCAAGCTATGAGGAGGAGGTIGAAACCTACTTTTT TGAGGGTCTG
R I D R T A 8 Y £E E E V. E T ¥ ¥ F E G L
CTGAAATGGAGAGAAT TAAACCTCACAGARACAC TTCGGAAARTTT TACAARGAAGT TATT
L K W R E L N L T E H F G X F Y K E VvV I
GACAAATGCCAATCATTCARTCAGTTGGTGTATCACCAAAACGAGATAGT TCAGAGTTTG
D K C Q@ 8 F N L V.Y 83 ¢ W E I V Q S8 L
AAGACTCACCTGCAAGT TaAGAACAGT TTTGCCTATCAACCCCTTTTGGATTTGGTTGTA
X T #H L Q V K N 8 F A Y @ P L L D L VvV V
CAGT TGGCACGAGATCTGCAGATGGAT TTCTACCCACAC TT TCCAGAGTT T TT TTTGACT
Q L A R D L @ M D ¥ ¥ P H F P E F F L ©
ATCACCTCGATCCTGGAGACTCAGGACACAGAGTTGTTAGAATGGGCTTTCACCTCGTTA
I T 3 I L E T @ D T E L L E W A F T 8 L
’I‘CJ\TATCTMATMGTACCTGTGGAGACTGATGGTGMGGACATGTCCAGTATAT}\CAGC
8 ¥ L ¥ XK ¥ LW R L M ‘

GGMGTGGGACAMGATACCCACGCCTGCTGATGTCTGTMGGTGTTLTC AAACACTG
G 8 6T K I P T P AD V C KV L 8 Q T 1
CAAGTAGCCAGTCTCTCCACATCTTGCTGGGAGACCCTC T TGGATGTARTTTC TECTTTG
@ vV A 8 L 8 T 8 C W E T L L D V I 8 A L
ATCCTGGGTGAAAATGTTTCCT TGCCGGAGACCCTCATCARRGAAACCATAGAARAAATA
I L 6 E NV 8 L P ET L I KR T I E K I
TTTGAGAGCAGATTTGAARAACGT TTAAT TTTCAGTT T TTCTGAAGTCATGTT TGCCATG
F E 8 R F E K R L I F 8 F 8 E V M F A M
AAGCAGTTIGAGCAGCTTTTTCTACCAAGCTTTCTGTCATATATTGTGAATTGCTTCTTA
K Q F B Qg L F L P 8 F L 8 Y I V N C F 1
ATTGATGATGCTGTAGTCARAGATGAAGCTCTGGCCATTCTEGCCARGCTCATTCTGARC
I P DA YV V KD ZEATLATI L A K L I L N
AARGCAGCACCTCCCACTGCTGGCICGATGGCAATTGAAARGTACCCTCTGGT TTTCTCA
K A A P P T A G 8 M A I E K Y P L V ¥ 8§
CCGCAGATGGT GGGATTCTATATAMAGCAGAAGAAGACTAGATCCAAGGGARGAAACGAR
P O M VvV 6 F Y I K Q K KT R S K G R N E
CAGTTTCCAGTATTGEACCATCTTTTATCTATAAT TAAGTTACCCCCAAATAAAGATACT
Q ¥ P V LD H L L 8 I I K L P P N K D T
ACTTACCTITCACRRTCTITGGGCAGCCCTCGTGGTGTTACCTCATATTAGACC TCTTGAG
T Y L 8 Q 8 W A ALV VL P H I R P I E
ARAGAGAAGGT GATRCCACTCGTCACCGGCTTCATAGAGGCACTCTTCATGAC TGTTGAC
K E K VvV 1 P L V T G F I B A L F M T V D
ARAGGAAGCTT TGGGARAGGAAACTTAT TTGIT CTTTGTCRAAGCTGTARATACTCTACTA
K6 5 F G K 6 N L P V L C Q A V N T I L
AGTTTGGARGAATCTTCTGARCTTCTTCATTI GG T ICCTGTGGARCGTGTGAN GAATTTA
§ L E E 8 8 E L L B L V P YV E RV K N L
GTATTMCCTTTCCCCTGGAGCC}\TCTGTGTTGCTGTTG)\CTGATCTCTJ\TTATCAGI\GI\
VLTFPLEPSVLLLTDLYYQR

TTAGCCTTGTGTGGCTGCA&AGGGCCRCTTTCCCAGGLGGCTTTAATGGAATTATTTCCC
L A L C @ C

M E DD G L 8 E R
CAGTCTGTCTTTGCTATATTACGCCAGGCAGAACTTGTTCCAGCAACTGTGAATGATTAT
Q 8 V F A I L R Q A E L V P A T V N D ¥
AGAGAGAAGCTTCTTCLTTTGLGARAACTAAGACATGATGTGGTACAGACTGCTGTCCCT

coding region are displayed by capite! letters, HEAT repeats are boxed.
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Figure 2. b.
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R E K & h H L R K L R E D V V @ T A V p
GATGGGCCETTACAGGAGGTGCCGLTTCGTTAT TTG T TAGGCATGCTATATAT TARTTTC
P ¢ P L Q B V P L R Y L L 6 M L ¥ I N ¥
AGTGCACTCTGGGATCCTGT TATTGAACTCATAAGT TCTCATGCACACGARATGGARAAT
38 AL WD PV I E L I 8 S H A HE MUE N
AMGCAATTTTGGAAAGTCTACTATGAGCATCTAGARRAAGCAGCTACGCATGCTGAGAAG
K § F W K V ¥ ¥ B H L E K A A T H A E K
GARCTACAGAATGATATGACAGATGAGAAGTCCGTTGOAGATGARAGTTGGGAGCAGACE
E L @ N D M T D E K 8 V G D E S W E Q T
CAGGARGGAGATGTTGGAGCTCTTTATCATGAGCAGT TAGCAT TGAAAACTGACTGTCAG
Q E @ DV 66 A L Y HE QLA ULIEKTD ¢ g
GAAAGACTTGACCACACCAACTTCAGAT TCCTGCT CTGGAGAGCTCTGACCAARTTCCCA
E R L DH TN P R F L L WRATLTKF B
GARAGAGTAGAGCCACGGTCCAGGGAGCTTTCCCCGCT T TCTTGAGATTTAT CAACAAT
E R VE P R 8 R E L 8 P L F Ih R F I N N
GAGTATTACCCAGCAGATCT GCAAGTIGCTCCAACCCAGGATCTACGGAGARAAGGCAAR
E ¥ ¥ P A DL Q V A P T @D L R R K G K
GGGATGGTEGCAGAGGARATCGARGAGGAACCTGCCGCAGGAGATGATGARGAGT TGGAG
& M vV A B E I E E E P A A GG DD E E L E
GAAGAGGCAGTGCCCCARGATGARTCCTCACAGAAGAAAAAGACGAGEAGAGCTGCAGCA
E E AV P QD E 8 § Q K KX T R R A A A
AAGCAATTAATTGCTCATTTGCARGTTTTCTCTARATTTTCAART CCACGGGECCITATAT
K ¢ LT A HL Q ¥ F 8 X F 8 N P R A L Y
CTGGAATCCAAACTATATGAGTTATATCITCAGITGTTGCTACACCAAGATCAMATGGTG
L E 8§ K L ¥ E L ¥ L @ L L L H € D @ M V
CAAARRATARCCITGGATTGCATARTGACATATARACATCCTCAT GTCCTCCCTTACAGG
Q XK I T L D C I M T Y K HPHV L P Y R
GAAAACTTACARAGGTTGCTTGAAGACAGAAGCT T TAAGGAAGAGATAGTGCATTTTAGE
E N L Q R L L 8 D R 8 F XK E E I V H F 8
ATTTCAGAAGATAATGCTGTAGTGARAACAGCCCACCCGAGCAGATCTATTTCCTATTCTG
r 8 E D N AV V KT A HRAUDTUILTF P I L
ATGAGAATTTTGTATGGGCGAATGAAGAATAAGACTGGGAGTAAAACTCAGCGGARAATCT
M R I L ¥ G R M K N K T 6 8 K T @ & K §
GCTTCAGGCACCCGCATEGCCATTGTCCTGCGETTCCTGECCGGGACCCAACCTGAGGAG
A 8 G T R M A I V L R F L A G T Q P E E
ATCCAGATATTCTTAGACCTGCTGT TTGAACCTGTGAGGCATTTCAAGAATGGAGAGTEC
1 ¢ I F L DL L ¥ B P V R H F KN 6 E ¢
CATTCTGCAGTCATTCAAGCAGTAGAAGACTTGGATTTGTCTAAAGT TCTTCCTTTAGET
H $ AV I QA V ED L D L 8 KV L P L @
CBTCAGCACGGTATCTTAAACAGCCTIGAGATAGTPATTGARRARCATTAGTCATCTGATC
R 0 H @ I L N 8 L E X V L X N I 8 H L I
AGCGCATACCTGCCGAAGAT TTTGCAGATACTGCTCTGTATGACAGCAACCGTATCACAL
s A ¥ L P X I L ¢ I L L C M T A T V 8 H
ATCCTTGACCAACGAGAAAAGATACAGCTGAGATT TATTAATCCATTGARARRT I TARGA
I L D QR E.X I Q L R F I N P L X N L R
CGTCTTGGAATCAAAATGGTAACT GATATCTT T T TGGACTGGGAATCATATCAGTT TAGA
R L ¢ I K M V T D I F L D W E 8 Y Q@ F R
ACAGAAGAAATTGATGCTGTGTTT CATGGTGCAGT TTGGCCCCAGATCAGCAGGCTTGGA
T £ E I D A V F H G A VvV W P 0 I 8 R L &
TCTGAGAGTCARTATTCTCCTACT CCTCTGCTGAARCTGATCAGTATCTGGAGCAGARAC
s £ 8 ¢ Y S p T P L L K L I 8 ¥ W 8 R N
GCAAGATATTTCCCTTTGC TGGCT AAACAGAAGCCTGGGCACCCAGARTGTGATATECTG
A R Y F P L L A K Q K P 6 H P E C D I L
ACCAATGTITTTGCAATTCTCTCAGCGRAGAATCTTTICTGATGCCACAGCCAGTATTGTA
T N V F A I L 8 A K N L 8 P A T A 8 I V
ATGGACATAGTTGATGACCTTCTTARCCTTCCACGATTTCGAGCCTACAGAARCAGTTITG
M D I VDD L L N DL P DJFE P TE T V L
AACTTGCTGGTAACTGEATGTGTATACCCTGGCATAGCAGARAACATCGETGAGTCTATC
N L L VT ¢ c VvV ¥ P G I A E NI G E 8 I
ACAATAGGAGGAAGATTAATTCTACCTCATGTACCTGCART TCTTCAGTATCTCAGCAAR
r I 6 6 R L I L ? H V P A I L Q ¥ L 8 K
ACCACAATAAGCGCAGAAARGGTGAAAAAGRAAAAGAATAGAGCACAAGTCAGTAANGAG
» ® I 8 A E K VvV K K K X N R A Q V 8 K E
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Figure 2. c.
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Expression patiern of DRIM. Steady state levels of DRIM
mRNA in different organs revealed by Northern blotting are
displayed in Figure 4. Strong expression was noted in tissues
such as heart, skeletal muscle, pancreas, testis and ovary
(Figure 4a, f, h, I and m). Moderate levels of DRIM mRNA
were found in placenta, spleen, thymus, prostate, small
intestine, appendix and fetal liver (Figure 4c, i, j, k, n, p and
s). Very low levels of transcripts were identified in brain,
colon and bone marrow (Figure 4b, 0 and r). No DRIM
transcripts were found in lung, liver, kidney and peripheral
blood leucocytes (Figure 4d, e, g and q).

Inspection of several human tumor cell lines revealed a
broad pattern of expression of DRIM mRNA (Figure 5) such
as in HL60 cells, a promyelocytic leukemia cell line (lane a),
Hela cells (lane b), KS62 cells derived from chronic
myelogenous leukemia (lane c¢); Raji cells, derived from
Burkitt’s lymphoma (lane e); SW-480 cells, representing
colorectal adenocarcinoma (lane f) and G361 melanoma cells
(lane h). Only very weak expression of DRIM mRNA was
noted in MOLT4 cells representing lymphoblastic leukemia
(lane d) and lung carcinoma A549 cells (lane g).

In addition/DRIM transcript levels were scored in several
mammary carcinoma cell lines (Figure 6). Low levels of
DRIM mRNA were identified in cell lines which are invasive
and/or are metastasizing in nude mice as xenografts such as
MDA-MB 231 (lane b) (23), MDA-MB 435 (9) (lane c),
MDA-MB 436 (Y) (lane d), Hs 578 T (24) (lane g} and cell
lines LCC-I, LCC-2 and L.CC-Y (25, 26) (lancs j» kand 1) and
T47D (lane [) (27). High levels of DRIM mRNA were
detected in the non-metastasizing pair of cell lines MCE-7
and MCF-7apR (28) (Figure 5, lanes h and i) and in cell linc
ZR-75-1 (29) derived from malignant cffusions of breast
cancer patients (Figure S, lane ¢). Very low levels of DRIM
transeripts were identified in normal mammary gland tissue
(Figure 5, lanc a),

Discussion

DRIM  (Down-Regulated In Metastasis), a new protein
composed of 2785 aa was identified as the only protein
differentially expressed in the metastatic (4A4)- and non-
metastatic (2C5) sublines of human breast carcinoma cell line
MDA-MB 435 (Figure 1).

Investigation of the stcady-state mRNA level revealed
expression of DRIM in a broad spectrum of tissues with
strong expression in heart, skeletal muscle, pancreas, testis
and ovary; no expression was found in lung, liver, peripheral
blood leucocytes, moderate to low levels were detected in the
rest of organs evaluated (Figure 4). Examination of DRIM
expression in several human tumor cell lines of different
origin revealed a broad pattern of expression, with weak
expression only in a lymphoblastic leukemia cell line
(MOLT4) and cell line AS49 derived from human lung
carcinoma (Figure 5). Since these cell lines have not been
investigated in xenograft murine models of metastasis it is not

1416

possible to correlate expression of DRIM with metastatic
capacity. Investigation of a panel of human mammary
carcinoma cell lines indicated an inverse correlation between
metastatic properties in nude mice and expression of DRIM
(Figure 6). However, these investigations have to be extended
to a larger panel of cell lines to correlate decreased
expression of DRIM with the metastatic phenotype in a
conclusive manner.

The function of the newly identified gene DRIM (Figure 2
and 3) and its gene product are presently unknown,
Comparison of the sequence with the homologous yeast and
C. elegans proteins reveals a conserved positive carboxy-
terminal tail which seems to be functionally relevant and
hydrophobic regions covered by HEAT repeats. These are
approximately 40 aa comprising segments which appear to
consist of helix-loop-helix structures (30). Systematic analysis
of multidomain disease proteins revealed that a considerable
fraction of huntingtin contains tandem arrays of heat repeats
(30). They are designated according to four functionally
characterized proteins in which the repeat was detected:
huntingtin, elongation factor 3 (EF3), the rcgulatory A
subunit (65 kD) of protein phosphatase 2A (PP2A) and
TORI, a target of rapamycin that seems to be essential for
progression of the G phase of the cell cycle (30).

All proteins of the HEAT family seem to be very large,
most of them are part of protcin complexes and the
functionally characterized proteins containing HEAT repeats
are eukaryotic cytoplasmic proteins, most of them seem (o be
involved in cytoplasmic  transport  processes  (30,31).
Experiments  designed  to  investigate  the  biochemical
functions of DRIM and its role in metastasis arc in progress.
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Figure 4. Expression of DRIM messenger RNA in selected tissues. Clontech filters with immobilized polyAt RNA were hybridized with an {a”™“PJdCTP-
labeled probe covering part of the 3'cading region of DRIM cDNA. Lanes: a, heart; b, brain; ¢, placenta; d, fung; e, liver; [ skeletal muscle; g kidney; h,
pancreas; i, spleen; j, thymus; k, prostate; L testis; m, evary; n, small intestine; o, colou: p, appendix; q, peripheral blood leucocytes; r, bone marrow; s, fetal
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Figure 6. Northern biot analysis of DRIM messenger RNA expression in selected mammary carcinoma cell lines, Polyd " RNA was extracted fmm confluent
cell lines, separated on a denaturing 1 % agarose formuldehyde gel, ransferved to a positively charged nylon mentbrane and hybridized 1o an [a I’/ -labeled
probe derived from the 3 coding region of DRIM.  Lanes: a, mammary gland; b, MDA-MB 231; ¢, MDA-MB 435; d, MDA-MB 430; ¢, ZR-75- I; f, T470;
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