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A bstract
W e searched for m etastasis-related genes in  ade -
noid cystic carcinom a by suppression subtractive  
hybrid ization  analysis of h igh and low  m etastasis  
cell lines. Tw elve genes (ten  previously identified  
and two novel sequences) were identified as being  
expressed at low er levels in  h igh m etastasis cell 
line Acc-M  w hen com pared to  low  m etastasis cell 
line Acc-2. The known sequences corresponded to  
the genes for cysteine-rich angiogenesis induction  
factor (cyr61), chrom osom e 7 R P11-52501 clone, 
G-protein, W AS familial ferritin I heavy chain, jum p -
ing translocation breakpoint, eukaryotic translation  
elongation , fo late receptor and three ribosom al 
proteins. A m ong them , the G  protein  and ferritin  
I heavy chain genes contained m utations in  the  
h igh m etastasis cell line. The tw o novel gene se-
quences have been nam ed ACC m etastasis-assoc-
iated R N H  and A C C  m etastasis-associated sus -
pected protein (GenBank # AF522024 and AF522025, 
respectively). Taken together, these results sug -
gest that reduced expression and/or m utation  of 
several genes in  the tum or cell line A cc-M  are  
associated w ith  h igh  tum or m etastasis, provid ing  
im portant m olecular biological m aterials for further 

study of m etastasis control and possib le targets  
for cancer gene therapy.

K eyw ords: adenoid cystic carcinoma cell line; sup-
pression subtractive hybridization; tumor metastasis

In troduction

Metastasis and invasion are important, complex charac-
teristics of malignant tumors (Fang et al., 2001). If 
a cancer loses metastatic ability, it becomes less 
malignant overall, making identification of tumor meta-
stasis-related genes a necessary goal in the develop-
ment of future cancer control therapies. Here, we 
report the use of a genetic comparison of two high- 
and low metastasis adenoid cystic carcinoma cell 
lines as a strategy for identification of tumor meta-
stasis-related genes.
  Adenoid cystic carcinoma (ACC) is a commonly 
encountered oral-maxillofacial malignant tumor that is 
known to metastasize to the lung quite often, although 
the mechanism of this metastasis is unknown. Using 
metastasis in vivo continuous generation technology 
and in vitro clone technology, one of the authors suc-
ceeded in identifying high metastasis adenoid cystic 
carcinoma clone Acc-M (Guan et al., 1997a). This 
work was based on a study of the heterogeneity of 
the 162nd generation of low metastasis clone Acc-2. 
There is significant difference between the two cell 
lines: the metastasis of Acc-M is 96% whereas that 
of Acc-2, 18% (Guan et al., 1997a). Since Acc-M 
evolved from Acc-2, the difference in metastasis rate 
must be conferred by genetic differences between the 
two, making them a good template for the research 
of tumor metastasis-related genes. Since the intro-
duction of Acc-M, preliminary reports have been made 
on studies of cell level and phenotypic interference, 
e.g., difference of karyotype of low metastasis ade-
noid cystic carcinoma (Guan et al., 1996), tretinoin 
(vitamin A acid) anti-adenoid cystic carcinoma lung 
metastasis (Guan et al., 1997b), and so on. In order 
to explore the difference between the two cell lines 
on a molecular level, this experiment searched for 
genes possibly associated with tumor metastasis us-
ing suppression subtractive hybridization (SSH) and 
DNA sequencing technology.
  Since its introduction in 1996, suppression subtrac-
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tive hybridization has been used to clone tumor 
related genes by comparing tumor and normal cell 
lines, or by comparing different tumor cell lines (Von-
Stein et al., 1997; Guo et al., 2001). This method has 
been used to identify the kiss-1 gene as being closely 
associated with melanoma, to isolate the deme-6 gene 
from a breast cancer cell line, and to isolate the 
rbap4p gene from Wilm's tumor (VonStein et al., 1997). 
At this time, no such screening of high and low 
metastasis cell lines of adenoid cystic carcinoma has 
been reported. Accordingly, we sought to examine dif-
ferential gene expression and metastasis-related genes 
using Acc-2 and Acc-M as templates for suppression 
subtractive hybridization.

M ateria ls and M ethods
Extraction of cell total R N A
Acc-2 and Acc-M cell lines were purchased from 
Shanghai No.9 People's Hospital and maintained in 
RPMI 1640 (Gibco/BRL Co., Rockville, MD) supple-
mented with streptomycin and penicillin and 10% FBS. 
The cells were harvested with 0.125% trypsin and 
total RNA was extracted with Trizol total RNA extrac-
tion reagent (Gibco), according to manufacturer's ins-
tructions.

m R N A  iso lation  and purification
mRNA was purified with OligotexTM mRNA isolation kit 
(QIAGEN Co., Hilden, Germany), according to manu-
facturer's instructions.

Suppression subtractive hybrid ization
The PCR-select cDNA subtraction kit was purchased 
from CLONTECH (Palo Alto, CA). cDNA was reverse 
transcribed according to manufacturer's instructions 
and digested with Rsa I. Acc-2 and Acc-M were li-
gated with different adapters, and the ligation effici-
ency of the adapters was detected. Two rounds of 
hybridization and one PCR amplification were per-
formed with corresponding drivers (when Acc-2 was 
used as tester, Acc-M was the driver and vice versa), 
and another two rounds of PCR were performed to 
obtain differential fragments. A detailed description of 
the protocol can be found in the CLONTECH manual.

R ecovery and clon ing of d ifferentially
displayed fragm ents
E. coli JM109 was from our lab stock. pGEMT vector 
was purchased from Promega Co. (San Diego, CA). 
After differential display, the DNA fragments were 
electrophoretically purified and cloned into the pGEMT 
vector. Positive clones were selected on X-gal/IPTG/ 

Amp agar plates. The G3PDH-5' primer (5'-TCCACC-
ACCCTGTTGCTGTA-3') and G3PDH-3' (5'-ACCAC-
AGTCCATGCCATCAC-3') primers were used to am-
plify the gene clone of G3PDH. The PCR primer 1 
(5'-CTAATACGACTCACTATAGGGC-3') and G3PDH- 
3''primer (listed above) were used to amplify the clone 
of G3PDH that were with adapter sequence according 
to manufacturer's instructions (CLONTECH) for eval-
uation of recombinant plasmids. Comparison of G3PDH 
with adapter and G3PDH levels was used to deter-
mine the ligation efficiency.

Sequence analysis and hom ologous
com parison of c loned fragm ents
Forty seven clones were randomly selected and se-
quenced by an ABI PRISM 377 sequencer in accor-
dance with the Sanger dual-DNA sequencing method. 
After removing vector and nested PCR primer se-
quences, homologous analysis of the sequences was 
performed using the NCBI's BlastN program.

N orthern b lot analysis
Differentially expressed genes were selected, corre-
sponding oligonucleotide probes were synthesized 
and Northern blot analysis of mRNA expression was 
performed using the RNADetectorTM kit (KPL Co., 
Kirkegaard, and Perry Laboratories, Washington DC). 
Total RNA from high and low metastasis cell lines of 
Acc-2 and Acc-M were electrophoresed on 2% aga-
rose formaldehyde-denaturing gels and transferred to 
a HybondN membrane (Amersham, Little Chalfont, 
Buckinghamshire, England). Probes were prepared 
according to manufacturer's instructions and added to 
the hybridization solution at a concentration of 500 ng 
probe/ml. Membranes were allowed to hybridize over-
night at 52oC before being washed and visualized 
according to manufacturer's instructions.
  In addition, we used Northern blot analysis to con-
firm the reliability of the newly discovered gene se-
quences and differential expression levels. We synth-
esized oligonucleotide probes based on the sequence 
of clone C9 (AF522024, ACC metastasis-associated 
RNH) and clone C12 (AF522025, ACC metastasis- 
associated suspected protein). The probe sequences 
were as follows. Probe C9: 5'-CTTCTACACTGCGTA- 
CACCTG-3' and probe C12: 5'-AGCGGTATCAGC- 
TCACTCAA-3'.

R everse transcriptase-polym erase chain
reaction (R T-PC R )
Total RNA was isolated from Acc-2 and Acc-M cells 
with Trizol total RNA extraction reagent (Gibco), 
according to manufacturer's instructions. 1 µg RNA was 
used for first strand cDNA synthesis with Oligo (dT) 
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and SMART IIA oligonucleotides from the CLONTECH 
RACE cDNA Amplification Kit according to manufac-
turer's instructions. The ACC metastasis-associated 
RNH gene and ACC metastasis-associated suspected 
protein gene were PCR amplified with gene-specific 
primers (listed below), as was the internal control gene, 
G3PDH (primers listed above). The primer sequences 
and PCR conditions are as follows:
  ACC metastasis-associated RNH gene 5'-ACTG-
AGATACCTACAGCGTG-3' and 5'-AGCGGTATCAGC-
TCACTCAA-3', 94oC for 3 min, followed by 30 cycles 
of 94oC for 30 s; 56oC for 45 s; 72oC for 150 s.
  ACC metastasis-associated suspected protein gene 
5'-ACGGCAGTTGTCAGATGTT-3' and 5'-CTTCTTCT-
ACACTGCGTACACTG-3', 94oC for 3 min, followed by 
30 cycles of 94oC for 30 s; 57oC for 45 s; 72oC for 
150 s.
  G3PDH gene-primers listed above, 94oC for 3 min, 
followed by 30 cycles of 94oC for 30 s; 60oC for 45 
s; 72oC for 150 s. 
  PCR products were separated by electrophoresis 
in a 1.5% agarose gel.

R esu lts
Ligation  effic iency
The G3PDH 3' primer and PCR primer 1 were used 
to amplify housekeeping gene G3PDH (glyceralde-
hyde-3-phosphate dehydrogenase) as an internal con-
trol, and the G3PDH 5' and 3' primers were used to 

amplify G3PDH with an adapter. The eletrophoreto-
gram showed that the luminance difference was less 
than four-fold between PCR products, indicating a 
ligation efficiency within the required range (Figure 1). 
Different cycles of PCR were performed on the PCR 
secondary product with G3PDH 5' and 3' primers, and 
subtraction efficiency was measured and found to be 
within the required range.

D ifferentially  expressed genes and relevant
hom ologous com parisons
In this experiment, parallel suppressive subtractive 
hybridizations were performed using Acc-M as tester 
and Acc-2 as driver and vice versa. We were clearly 
able to visualize differences in the subtractive and 
non-subtractive products on agarose gels (Figure 2). 
Differentially expressed gene sequences were ob-
tained using Acc-2 as driver, but none were identified 
when Acc-M was used as driver. After cloning and 
transformation, 12 differentially expressed genes were 
identified by DNA sequencing (Table 1). Of these, 10 
gene fragments corresponded to known genes or se-
quences. Of these, the G protein and ferritin I heavy 
chain genes were found to have mutations in their 
recovered partial nucleotide sequences (GenBank ac-
cession numbers were AF522027 and AF522026 re-
spectively).

Tw o novel A C C  m etastasis-associated
gene fragm ents
After cloning and sequence analysis of the differen-
tially expressed cDNAs, we found that two of the 
clones had less than 80% homology with the re-
gistered gene sequences in GenBank. These new 
genes have been registered in GenBank (AF522024 
and AF522025) as ACC metastasis-associated RNH 
(ribonuclease/angiogenin inhibitor) and ACC metasta-

F ig u re  1 . Typical results of ligation efficency analysis. Lane 1 shows
PCR product using adaptor1-ligated tester as template, G3PDH 3' 
primer & PCR primer1, lane 2: PCR product using adaptor1-ligated
tester as template, G3PDH 3' primer & G3PDH 5' primer, lane 3: PCR
product using adaptor2-ligated tester as template, G3PDH 3' primer
& PCR primer1 and lane 4: PCR product using adaptor2-ligated tester
as template, G3PDH 3' primer & G3PDH 5' primer. M lane shows
standard DNA molecular marker DL2000.

F ig u re  2 . Typical results of subtraction experiment. Lane 1 shows 
subtracted product using Acc-2 as tester, lane 2: unsubtracted product
using Acc-2 as tester, lane3: subtracted product using Acc-M as tester
and lane 4: unsubtracted product using Acc-M as tester, M lane 
shows standard molecular marker DL2000.
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sis-associated suspected protein, respectively. These 
genes are expressed more highly in low metastasis 
cell line Acc-2 than in high metastasis cell line Acc-M.

N orthern  blo t and R T-PC R  analysis
Northern blot analysis showed that the ACC meta-
stasis-associated RNH gene was expressed at low 
levels in AccM cells and at higher levels expressed 
in Acc2 cells. There was a 3-fold difference in ex-
pression level between the two cell lines (Figure 3). 
RT-PCR analysis confirmed expression of this gene 
in AccM cells, in accordance with the Northern blot 
results (Figure 4). We were unable to detect trans-
cripts for ACC metastasis-associated suspected pro-
tein in either cell type by Northern blot analysis, 
perhaps because it is expressed at very low levels. 
However, RT-PCR analysis revealed the presence of 
this transcript in both cell types, although the expres-
sion level was more than 5-fold lower in AccM cells 
than in Acc2 cells.

D iscussion
Tumor metastasis is regarded as the result of ab-
normal expression or inactivation of genes through a 
series of molecular changes in both tumor and host. 
Unrestricted growth and metastasis are the basic 
characteristics of cancer, which makes the study of 
tumor metastasis an important aspect of cancer re-
search. So far there is no comprehensive theory that 
fully explains cancer metastasis and infiltration. Cur-
rently, it is thought that there are four characteristics 
of tumor metastasis: angiogenesis, binding, proteoly-
sis and migration. That means that investigating one 

T a b le  1 . Genes differentially expressed between the high and low metastasis cell lines.
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ
Clones Genetic homology and/or name GenBank accession number Function Similar clones
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

C1 Cysteine-rich angiogenic-inducer protein BC016952 angiogenic-inducer n＝2
C2 Chromosome 7 clone RP11-525O1 AC021218 Retinocytoma associated n＝2
C3 ACC metastasis-associated G protein AF522027# Cell signaling n≥5
C4 ACC metastasis-associated heavy polypeptide I AF522026# Metabolism n＝3
C5 Jumping translocation breakpoint BC019277 DNA replication n＝1
C6 Eukaryotic translation elongation BC012819 Protein synthesis n＝2
C7 Folate receptor BC002947 Metabolism n＝3
C8 Human acidic ribosomal phosphoprotein P0 mRNA AK001313 Protein synthesis n＝3
C9 ACC metastasis-associated RNH AF522024* ACC metastasis-associated n＝3
C10 Homo sapiens ribosomal protein L7a (RPL7A) NM_000972 Protein synthesis n＝4
C11 Homo sapiens ribosomal protein S21 NM_001024 Protein synthesis n＝1
C12 ACC metastasis-associated suspected protein AF522025* ACC metastasis-associated n＝1

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
Note: *represents the novel sequences; #represents mutated sequences submitted by our laboratory.

F ig u re  3 . Representative Northern-Blot-analysis of ACC metastasis- 
associated RNH. A: Probed with ACC metastasis-associated RNH 
oligonucleotide 3'-labeled with DIG; B: Control hybridization was 
performed with G3'PDH probe. Total RNA (6 µg) of ACC-M and 
ACC-2 cells was loaded onto each lane. F ig u re  4 . The RT-PCR results of ACC metastasis-associated RNH,

ACC metastasis-associated suspected protein and G3PDH genes. Five
microliter RT-PCR product were loaded in 1%  agrose gel elec-
trophoresis for each sample. Lane 1&6 shows 100 bp standard DNA
marker Biolab), Lane 2 shows G3PDH RT-PCR product using AccM
RNA as template, lane 3: G3PDH RT-PCR product using Acc2 RNA 
as template, lane 4: ACC metastasis-associated RNH RT-PCR product 
using Acc2 RNA as template, lane 5: ACC metastasis-associated RNH
RT-PCR product using AccM RNA as template, lane 7: ACC meta-
stasis-associated suspected protein RT-PCR product using Acc2 RNA
as template, and lane 8: ACC metastasis-associated suspected protein
RT-PCR product using AccM RNA as template.
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or two genes is not enough to understand the mol-
ecular mechanism of metastasis, and that cancer 
genetic research must embrace the dynamic variation 
of whole genome expression in order to understand 
the correlations genotype and phenotype.
  Accordingly, we compared the high metastasis cell 
line of adenoid cystic carcinoma Acc-M with its ori-
ginal low metastasis mother cell line Acc-2, searching 
for differentially expressed genes that might be in-
volved in the difference in metastasis. The result of 
this experiment shows that Acc-M contained 12 genes 
that were expressed at lower levels than those found 
in parent line Acc-2. Ten of these genes are known: 
cysteine-rich angiogenic-inducer protein, cyr61, RP11- 
525O1, G protein, ferritin, jumping translocation break-
point (JTB), eukaryotic translation elongation factor, 
folate receptor and three ribosomal proteins.
  Of these, cyr61 is a secretory cysteine-rich heparin 
binding protein that belongs to connective tissue 
growth factor family (CTGF) and is induced by growth 
factor TGF-β. Through an interaction with integrin, it 
causes endotheliocytes to bind and activates the 
proteins that communicate with paracrine cells. It was 
involved in the coordinated expression of growth fac-
tors in cytopoiesis and cellular differentiation and is 
an angiogenic-inducer (Grotendorst et al., 1997). Im-
portant in the cancer realm is the coordinated expres-
sion of cyr61 with c-fos and c-myc oncogenes (Lau 
et al., 1987). As a signal transfer protein, G protein 
is known to be important in the invasion and binding 
of tumor cells. Previous tests have shown that high 
metastasis B16 mouse melanocyte cell line highly 
expressed Gi2 (one of the G proteins) in a pertussis 
toxin (PTX) sensitive manner. After treatment with 
PTX, ADP ribosylation occurred in Gi2, which signi-
ficantly reduced the invasive ability of the tumor cells. 
Low metastasis B16 cell did not express Gi2, and the 
original characteristics (Lester et al., 1989) of the 
tumor cell remained unchanged after treatment with 
PTX.
  We also found down-regulation in the high meta-
stasis cell line of eukaryotic translation elongation, 
human acidic ribosomal phosphoprotein, several other 
ribosomal proteins and the metabolically relevant 
proteins ferritin and folate receptor. This probably re-
flects the increased metabolic needs of a tumor cell, 
and is supported by previous findings of association 
between low expression of ferritin and acquisition of 
metastasis (Jacqueline et al., 1997), and high expres-
sion of ribosomal proteins L7a and S21 and human 
acidic ribosomal phosphoprotein in tumor cells (Zhang 
et al., 1997).
  The jumping translocation breakpoint gene encodes 
a section of transmembrane protein that has been 
associated with the translocation of gene fragments 
within and between chromosomes. Tumor cells are 

known to be genetically characterized by chromo-
somal changes including addition, reduction, deletion 
or translocation. Several reports have discussed tu-
mor suppressor sites and their inactivation through 
genetic disarray (Sekido et al., 1998; Petersen et al., 
1997; 2000). A comparative genome hybridization of 
adenoid cystic carcinoma cell lines has shown charac-
teristic duplications in 22q12.3-q13.1, and chromo-
somes 16 and 20 (Toida et al., 2001). Of the genes 
we found to be down-regulated, eukaryotic translo-
cation elongation is located at 6q14.1, folate receptor 
at 11q13.3-14.1, JTB at 1q21, RPS21 at 20q13.3, and 
cysteine-rich angiogenic-inducer protein (cyr61) at 
1p31-p22. These results are in accordance with se-
veral of the putative tumor suppressor sites previously 
reported, and may have functional relevance in 
cancers other than Acc.
  Also important in the study of metastatic genes is 
our finding of mutations in the gene fragments en-
coding G protein and ferritin I heavy chain, suggesting 
that changes in these genes may be of oncogenic 
significance. Previous work has shown that the ex-
pression of ferritin heavy chain partial gene se-
quences can suppress the metastasis of a tumor 
(Jacqueline et al., 1997). These results, plus the two 
novel genes identified in this study, will bear further 
work to fully elucidate the roles of various genes in 
the metastasis of Acc tumors. Because of the he-
terogeneity of tumors and the complexity of the ge-
netic changes inherent in malignancies, it is important 
to better understand the genes that undergo changes 
related to metastatic ability. Here, we report twelve 
such genes that are down-regulated in the high meta-
stasis adenoid cystic carcinoma cell line Acc-M and 
discuss their possible roles as metastasis suppres-
sors. This work provides a valuable set of biological 
materials and several new targets for further meta-
static research, as well as possible new targets for 
tumor suppression therapy.
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