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The ATP binding cassette transporter subtype AS (ABCAS)-like transporters ABCAS, ABCA6, ABCAS,
ABCAY9 and ABCA10 form a unique gene cluster within the ABC transporter superfamily, though their function
is still poorly understood. The purpose of this study is to examine whether ABCAS-like transporters may play a
role in tumor development by measuring their mRNA levels in human tissues and tumors. Intense mRNA expres-
sion of human ABCAS-like transporters was detected in the brain. ABCAS and ABCA8 mRNAs were detected in
spleen, testis and ovary. ABCAS mRNA was also detected in liver and pancreas. ABCA6 mRNA was detected in
lung and liver, and ABCAS8 was detected in lung. ABCA6, ABCA7 and ABCA8 mRNAs were not detected in any
tumors, but weak mRNA expression of ABCA10 was detected in all tumors examined. ABCAS mRNA was de-
tected in poorly differentiated colon adenocarcinoma (GI-112) and undifferentiated ovarian carcinoma (GI-102),
but not in normal colon. ABCB1 mRNA was also detected in GI-112, while ABCC1 and ABCA2 mRNAs were
not. In contrast, ABCC1 and ABCA2 mRNAs, but not ABCAS5 or ABCB1 mRNA, were detected in well differen-
tiated colon adenocarcinoma (CX-1). Thus, induction of ABCAS, together with ABCB1, appears to be correlated

with the differentiation state of human colon tumors, and may have a role in tumor development.
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Members of the ATP binding cassette (ABC) transporter
family transport various substrates coupled with hydrolysis
of ATP. The human ABC transporter superfamily consists
of 49 subtypes, some of which function as drug efflux
transporters (ABCB1, ABCC subfamily and ABCG2) or
sterol transporters (ABCA1, ABCA7, ABCG1, ABCGS5 and
ABCGS)."” However, the role of the ABCAS5-like trans-
porters remains largely unknown.

The ABCA family forms the second largest gene family,
consisting of 12 subtypes, after the ABCC family. Evolu-
tional analysis has revealed a gene cluster encoding ABCAS,
ABCA6, ABCAS, ABCA9 and ABCA10, which are known
as the ABCAS-like transporters.” Interestingly, although
these five ABCA transporters form a unique cluster on
human Chr17q24, most other ABC transporter genes are dis-
persed in the mammalian genome.” Among the ABCAS5-like
transporters, ABCAS8 expressed in oocytes was shown to ex-
hibit ATP-dependent transport of estradiol-S-glucuronide.”
In the testis, ABCAS is localized in Leydig cells, which form
the blood-testis barrier, and ABCAS knockout mice develop
an enlarged heart, injured liver and decreased plasma levels
of thyroid hormones.>® These observations imply the physi-
ological importance of ABCAS5-like transporters.

Since ABCAS has been reported to act as a transporter,? it
is possible that ABCAS5-like transporters have functions re-
lated to multi-drug resistance in tumor cells. The purpose of
this study is, therefore, to investigate mRNA expression of
ABCAS-like transporters in human tissues and tumors, in
order to establish whether there is a relationship between
ABCAS5-like transporters and tumor development.
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MATERIALS AND METHODS

cDNA Samples Human tissue normalized first-strand
cDNAs were purchased as MTC Multiple Tissue cDNA
Panel T and II from Clontech (Palo Alto, CA, U.S.A.).
Human tumor normalized first-strand ¢cDNAs were pur-
chased as MTC Multiple Tumor cDNA Panel from Clontech.
The first-strand cDNA was reverse-transcribed from poly-A
RNA purified from each tissue or tumor. MTC Panel I con-
tains cDNA preparations from heart, brain, placenta, lung,
liver, skeletal muscle, kidney and pancreas pooled from 2—
15 male/female Caucasians. MTC Panel II contains cDNA
preparations from spleen, thymus, prostate, testis, ovary,
small intestine without mucosal lining, and colon pooled
from 7—45 male/female Caucasians, and peripheral blood
leukocytes pooled from male/female Caucasians negative for
HIV-1, HIV-2, hepatitis B and syphilis.

MTC Tumor Panel contains ¢cDNA preparations from
breast carcinoma (GI-101), lung carcinoma (LX-1), colon
adenocarcinoma (CX-1), lung carcinoma (GI-117), prostate
adenocarcinoma (PC3), colon adenocarcinoma (GI-112),
ovarian carcinoma (GI-102) and pancreatic adenocarcinoma
(GI-103). GI-101 is a poorly differentiated mammary carci-
noma isolated from recurrent ductal carcinoma.” LX-1 is a
poorly differentiated carcinomal surgical explant from a
metastasis in a 48-year-old male.¥ CX-1 is a moderately
well-differentiated adenocarcinoma consistent with gastroin-
testinal origin, surgically removed from the primary tumor of
a 44-year-old female.” GI-117 is a poorly differentiated car-
cinoma established from a tumor of a 62-year-old female.'”
PC3 is a grade IV adenocarcinoma from a 62-year-old Cau-
casian.'” GI-112 is a moderately to poorly differentiated ade-
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Table 1. Primer Sets for RT-PCR Analysis
Accession No Sense primer sequence
Gene . . .
Product size  Anti-sense primer sequence
ABCAS NM_01872 GGACTGGATAGAAAACCTAGGAAGTAGACC
362 bp GAAAGAAGTCCCAGTAAGCAGACCGAAC
ABCA6 NM_080284 CCAGGAGCACTACAGAGAATTTCCAG
533 bp AGGTGGCCCAAAACTGAACTGCAG
ABCA8 NM_007168 CTGGCTGGTTTTAACATCGAGTTGCC
533 bp TAGGAATACCAGAAATGGCTGTACATCC
ABCA9 NM_080283 GGATACCAATGGCAGCCTCTTTCAC
501 bp CTCCTAAGTAATCCATGGAATCAGGAG
ABCA10 NM_080282 GACTTTATGAGAAACTTGGACAGTCTGG
565 bp CCAAGAACTTGAGGCTGTTGTCATGC
ABCB1 NM_000927 GACAGAAAGCTTAGTACCAAAGAGGCTC
353 bp GATCGGAAAACCATGTATCGGAGCCG
ABCCl1 NM_004996 AGCTAGACCATGAATGTGCAGAAGGC
496 bp GTGGCTGCTGCTTTGAATATGTTTTGG
ABCA2 NM_001606 GCAGCCAGAGTGTGAAGGACGTGG
562 bp AACCTCCTCTCCAGGCCCTGGCA
B-Actin - NM_001101 TTTGAGACCTTCAACACCCC
348 bp TAGCTCTTCTCCAGGGAGG

nocarcinoma established from a 54-year-old female.'” GI-
102 is an undifferentiated carcinoma isolated from a primary
ovarian carcinoma.'” GI-103 is a poorly differentiated carci-
noma propagated from ascetic fluid derived from pancreatic
adenocarcinoma.'”

PCR Analysis PCR was conducted with specific primer
sets (Table 1) through 1 cycle of 94 °C for 30s, 2 cycles of
94 °C for 30 s and 72 °C for 2 min, 3 cycles of 94 °C for 30s
and 70°C for 2min, and 25 cycles of 94°C for 30s and
68 °C for 2min. The RT-PCR products were separated by
electrophoresis on agarose gel. All PCR products from
human brain were subcloned and sequenced using a DNA se-
quencer (CEQ2000XL; Beckman Coulter, Fullerton, CA,
US.A).

RESULTS AND DISCUSSION

Tissue Distributions of Human ABCAS-Like Trans-
porters Expression of ABCAS5-like transporter mRNAs
in human tissues was examined by RT-PCR (Fig. 1). The
mRNA expressions of these transporters exhibited similar
distribution patterns, which may be related to the fact that the
genomic loci of these transporters are located close to-
gether.?) Strong expression of all the transporter mRNAs was
detected in the brain, and the nucleotide sequence of each
product was identical with that of the corresponding gene.
ABCAS5 and ABCAS showed similar mRNA expression pro-
files in spleen, testis and ovary. Strong ABCAS5 mRNA ex-
pression was also detected in liver and pancreas. In addition,
strong ABCA6 mRNA expression was detected in lung and
liver, and ABCA8 mRNA was detected in lung.

Expression of ABCAS-Like Transporters in Human
Tumors Figure 2 shows the expression of human ABCAS-
like transporter mRNAs in various human tumors as deter-
mined by means of RT-PCR analysis. ABCA6, ABCA7 and
ABCA8 mRNAs were not detected in any of the examined
tumors, but weak expression of ABCA10 was detected in all
of them. ABCAS mRNA was strongly expressed in GI-112
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Fig. 1. Tissue Distributions of mRNA Expression of Human ABCAS5-Like
Transporters

RT-PCR analysis was performed with the specific primer sets shown in Table 1. H,
heart; B, brain; Pl, placenta; Lu, lung; Li, liver; M, skeletal muscle; K, kidney; Pa, pan-
creas; Sp, spleen; Th, thymus; Pr, prostate; Te, testis; O, ovary; Si, small intestine; C,
colon; L, peripheral blood leukocytes.
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Fig. 2. Tumor Distributions of mRNA Expression of Human ABCAS-
Like Transporters

RT-PCR analysis was performed with the specific primer sets shown in Table 1. GI-
101, breast carcinoma; LX-1, lung carcinoma; GI-117, lung carcinoma; CX-1, colon
adenocarcinoma; GI-112, colon adenocarcinoma; PC3, prostatic adenocarcinoma; GI-
102, ovarian carcinoma; GI-103, pancreatic adenocarcinoma.

and GI-102, which are moderately to poorly differentiated
colon adenocarcinoma and undifferentiated ovarian carci-
noma, respectively. Though normal human ovary also ex-
presses ABCAS mRNA, as shown in Fig. 1, ABCAS mRNA
was not detected in normal colon, suggesting that its expres-
sion was induced in colon tumor. In CX-1, a well differenti-
ated colon adenocarcinoma, ABCAS mRNA was only faintly
expressed. However, the low mRNA content in CX-1 may be
partly artifactual, because the S-actin mRNA level was lower
than in other samples.

Expression of Human ABCAS and Drug-Resistance
Genes in Human Colon Carcinomas Some ABC trans-
porters play a role in drug resistance; their expression is in-
duced in cancer cells, and they mediate the efflux transport
of drugs from the cells. The expression of human ABCAS in
normal colon and colon carcinomas was compared with
those of ABC transporters known to be involved in drug
resistance, such as ABCB1 (MDR1), ABCC1 (MRP1) and
ABCA2."'? The results shown in Fig. 3 indicate that there
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Fig. 3. mRNA Expression of Human ABCAS and Drug Resistance-Asso-

ciated ABC Transporters in Normal Colon and Colon Adenocarcinomas

RT-PCR analysis was performed with the specific primer sets shown in Table 1. CX-
1, well differentiated colon adenocarcinoma; GI-112, poorly differentiated colon adeno-
carcinoma.

are different expression profiles of ABC transporters in
CX-1 and GI-112. In GI-112, ABCAS and ABCB1 mRNAs
were predominantly expressed, while ABCC1 and ABCA2
mRNAs were predominantly expressed in CX-1. Since GI-
112 is a moderately to poorly differentiated adenocarcinoma
and CX-1 is a well-differentiated adenocarcinoma from a pri-
mary tumor, the difference in expression profile may be re-
lated to the differentiation stages of the tumors. Furthermore,
the results suggest that induction of ABCAS5 in colon carci-
noma is linked with ABCBI1 induction.

This is the first demonstration that expression of ABCAS
is induced in tumors, and further that it may be linked with
ABCBI induction, and may be correlated with the tumor dif-
ferentiation state. Since progression of malignancy is associ-
ated with dedifferentiation, poorly differentiated carcinoma
shows a higher grade of malignancy than well-differentiated
carcinoma. The introduction of a c-H-ras-1 oncogene into a
poorly differentiated human colon carcinoma cells has been
reported to result in significant reduction of ABCB1 mRNA
expression and P-glycoprotein-mediated drug resistance in
association with acquisition of a more differentiated pheno-
type.'® This suggested that the change in the expression pro-
file of ABC transporters might be related to the properties of
the tumors in each differentiation stage. One possible func-
tion of ABCAS in tumors would be as a drug efflux trans-
porter, which might result in multi-drug resistance, in associ-
ation with ABCB1. Another possibility is that ABCAS trans-
port function is related to tumor differentiation. A study in
ABCAS knockout mice showed decreased plasma levels
of thyroid hormones,” suggesting a relationship between
ABCAS5 and thyroid hormones. It is conceivable that ABCAS
transports thyroid hormones directly, or transports com-
pounds that regulate thyroid hormone homeostasis. Thyrox-
ine (T4) enhances the development of colon tumors,' and
levothyroxine (L-T4) upregulates expression of ABCBI1 in
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human colon carcinoma cells, Caco-2.'” These findings are
consistent with the idea that ABCAS function is related to
the differentiation state of colon tumors.

In conclusion, we have measured the mRNA expression
profile of ABCAS-like transporters in human tissues and tu-
mors. Our results indicate that ABCAS5 mRNA expression is
induced in human colon tumors, and this induction is linked
with induction of ABCB1 mRNA expression. It is now im-
portant to clarify the function of ABCAS in order to under-
stand its putative role in tumor differentiation and drug re-
sistance.
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