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Abstract

The mammalian homolog of the Drosophila discs large tumor suppressor protein Dlg functions as a scaffolding protein that facilitates
the transmission of diverse signals. In the present study, we attempted to identify the downstream target genes of Dlg, and found that Dlg
up-regulates expression of the ELR™ CXC chemokine Scyb3, which has been implicated in the immune system. Our finding suggests that
Scyb5 may play an important role in the tumor suppressor function of Dlg.
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Dlg was originally identified as a Drosophila tumor sup-
pressor gene. In Drosophila imaginal disc epithelial cells,
dlg loss-of-function mutations result in the neoplastic over-
growth, which is associated with abnormalities of septate
junction, apicobasal polarity, and cell adhesion [1-3]. In
addition to epithelial cells, dlg is also implicated in cell
polarity of Drosophila neuroblasts [4,5].

The four best characterized human homologs of the dlg
gene are hDIlg (SAP97), Chapsyn-110 (PSD-93), NE-Dlg
(SAP102), and PSD-95 (SAP90) [6,7]. The products of
these genes share a distinctive domain structure, including
three PDZ (PSD-95/DLG/Z0-1) domains, an SH3 (src
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homology 3) domain, and a guanylate kinase-like (GK) do-
main, which is characteristic of the membrane-associated
guanylate kinase homolog (MAGUK) family of proteins
[8]. Despite its name, the GK domains of these proteins
do not possess functional guanylate kinase activity, since
the amino acid residues required for ATP binding are not
conserved. The PDZ domains of these proteins mediate
protein—protein interactions by binding to the carboxyl-ter-
minal S/TXV motif of their target proteins [9]. hDLG
localizes to the cytoplasm and to cell-cell adhesion sites
in epithelial cells. We previously reported that hDlg has a
nuclear localization signal (NLS) between the SH3 and
GK domains, and localizes to the nucleus only when the
intramolecular SH3-GK interaction is abrogated [10].
The physiological role, however, remains to be elucidated.

hDIg interacts via its PDZ domain with the tumor sup-
pressor adenomatous polyposis coli (APC) [11] and several
viral oncoproteins [12,13]. Additionally, hDlg inhibits cell
cycle progression from the GO/G1 to S phase in NIH3T3
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cells [14]. Furthermore, expression of the hDlg gene is
down-regulated in both premalignant cervical neoplasias
[15] and breast cancers [16]. In particular, in breast cancers,
eight missense mutations and one nonsense mutation have
been identified; two of these cases with #DI/g mutation have
been shown to be associated with LOH, corresponding to
Knudson’s two-hit hypothesis. These findings raise the pos-
sibility that the human homolog of Dlg is also involved in
tumorigenesis.

Mice carrying a gene trap insertion within the D/g locus
were previously developed. The resulting mutation generat-
ed a truncated Dlg protein containing the first three PDZ
domains [17,18]. Mice homozygous for the gene trap inser-
tion were reported to display perinatal lethality, growth
retardation in utero, craniofacial dysmorphogenesis, and
dysregulation of cell proliferation in the lens epithelium.
Recently, we have generated DIg-null mice using gene tar-
geting and found that homozygous mutant mice exhibit the
phenotype similar to those of the above-mentioned mutant
mice (unpublished data). Approximately 12% of Dlg het-
erozygous mice developed B-NK lymphomas in 15-20
months of age, suggesting that Dlg is involved in lympho-
magenesis. In the present study, to clarify the role of mam-
malian Dlg in lymphomagenesis, we performed Affymetrix
microarray analysis and obtained a Dlg-regulated target
gene, SCYB-5/LIX.

Materials and methods

Mouse embryonic fibroblast culture and immortalization protocol. Pri-
mary mouse embryonic fibroblast (MEFs) were obtained from Day 13.5
embryos, essentially as described [19]. To establish immortalized MEFs,
primary MEFs were passaged according to the defined 3T3 protocol;
3% 10° cells were plated per 60-mm dish every 3 days and cultured until
growth rates resumed the rapid rates seen in primary MEFs. Primary
MEFs and immortalized MEFs were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum
(FBS), 2 mM glutamine, 100 U/ml penicillin, and 100 pg/ml streptomycin.

Microarray and RT-PCR analyses. Total RNA was prepared using
ISOGEN (NIPPON GENE). For microarray analysis, target RNA was
prepared as described [20]. The Affymetrix MG-U74v2 GeneChips were
used to compare gene expression profiles of Dlg-null and wild-type MEFs
according to the manufacturer’s instructions. Briefly, biotinylated cRNAs
were synthesized and hybridized to the GeneChip probe arrays, which
were then washed in washing solution, stained with streptavidin-phyco-
erythrin, and scanned. The data obtained were analyzed with Affymetrix
GeneChip software. For RT-PCR analysis, total RNA was converted to
cDNA using SuperScript III reverse transcriptase essentially according to
the manufacturer’s protocol. Primer sequences (from 5’ to 3') were as
follows: mouse actin, forward—GGGGTCACCCACACTGTGCCCA
TCTACGAG, reverse—ACTCCTGCTTGCTGATCCACATCTGCTG
GA; mouse ILIrn, forward—AGAGGCAGCCTGCCGCCCTTC
TGGGAAAAG, reverse—TTGGTCTTCCTGGAAGTAGAACTTCGT
GAC; mouse Igfbp3, forward—ACATCAGTGAGTCCGAGGAG
GAGCACAATG, reverse—CTACTGGCTCTGCACGCTGAGGCAAT
GTAC; mouse Scybl4, forward—ATGAGGCTCCTGGCGGCC
GCGCTGCTCCTG,  reverse—TTCGTAGACCCTGCGCTTCTCGT
TCCAGGC; mouse ScybS5, forward—AGCTGCCCCTTCCTCAGTCAT
AGCCGCAAC, reverses—TATTCCGGAGACAATGCAATAGTCAC
CCTC. The PCR cycling parameters are pretreatment 94 °C for 2 min;
then followed by 26 cycles (for actin) or 30 cycles (for IL1rn, Igfbp3,
Scybl4, and Scyb5) at 98 °C for 10 s, 55 °C for 30 s, and 72 °C for 1 min.

Enrichment of Dlg-transfected cells by auto-MACS cell sorting. MEFs
were cotransfected with the pMACS KXII vector (Miltenyi Biotec)
expressing a surface marker, truncated mouse H-2K¥, and pMkitneo or
pMkitneo-hDlg using Lipofectamine and PLUS reagent (Invitrogen).
Cells were harvested 48 h after cotransfection, resuspended in PBE (PBS
with 5 mM EDTA) buffer, and incubated with MACSelect KX microbeads
(Miltenyi Biotec) followed by magnetic separation.

Immunoblotting. Cells were lysed in a lysis buffer containing 1% Triton
X-100, 50 mM Tris-HCI (pH 7.5), 150 mM NaCl, 5mM EDTA, 1 mM
PMSF, 5 pg/ml aprotinin, and 5 pg/ml leupeptin. Proteins were separated
by 8% SDS-polyacrylamide gel electrophoresis and transferred onto an
Immunobilon-P membrane (Millipore). Immunoblots were probed with
primary antibodies against Dlg (BD Transduction Lab.) and o-tubulin
(Oncogene), then with alkaline phosphatase-conjugated mouse anti-rabbit
IgG antibodies (Promega), and visualized using NBT/BCIP (Promega).

Results and discussion

Affymetrix MG-U74Av2 GeneChips, which contained
probe sets interrogating approximately 36,000 genes and
ESTs from the UniGene database, were used to analyze
gene expression in murine embryonic fibroblasts (MEFs)
that were generated from DLG-null and wild-type mice,
respectively. MG-U74Av2 array analysis revealed that 15
genes were up-regulated and 36 genes were down-regulated
more than 1.5-fold in DIg-null MEFs compared with con-
trol wild-type MEFs. Representative genes are listed in
Table 1.

To validate the array data, we performed RT-PCR anal-
ysis using MEFs #33 and #44, which were generated from
independent two lines of DLG-null mice, respectively. We
also used an immortalized cell line established from MEFs
#33. We found that expression of 4 of the 36 down-regulat-
ed genes identified in the array analysis, IL-Ira, SCYB-5,
SCYB-14, and IGF-BP3, was markedly decreased in Dlg-
null MEFs (Fig. 1). On the other hand, down-regulation
of the other 32 genes was not detected. Additionally, none
of the 15 up-regulated genes in the array data displayed dif-
ferential expression. These results suggest that Dlg regu-
lates expression of ILIrn, Scyb5, Scybl4, and Igfbp3.

To further confirm this possibility, we examined the ef-
fect of exogenous expression of hDLG on the expression of
these genes in Dlg-null MEFs. Since transfection efficiency
of the immortalized MEFs #33 was very low, we utilized
Auto-MACS cell sorting to enrich hDlg-transfected MEFs.
As shown in Fig. 2, expression of Scyb5, but not other
three genes, was increased significantly in hDlg-transfected
Dlg-null MEFs compared with empty vector-transfected
Dlg-null MEFs. These results suggest that DLG regulates
Scyb5 expression in MEFs.

Scyb$5 is one of the CXC chemokines, which constitute a
large family of chemotactic cytokines. The CXC chemo-
kines, which contain one residue (X) between the first
two conserved cystein residues, have been shown to attract
and activate neutrophils in inflammatory processes [21].
Also, CXC chemokines are implicated in the recruitment
of T cells to sites of inflammation [22]. Furthermore, it
has been shown that CXC chemokine signaling is stimu-
lated by T-cell receptor (TCR) signaling. In this regard, it
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Table 1

List of representative genes differentially expressed in Dlg-null #33 MEFs compared with wild-type #33 MEFs

Unigene Gene name Description Fold change® Sort score®
Mm.382 Dighl Discs, large homolog 1 (Drosophila) -5.8 —2.52
Mm.882 ILIrn Interleukin 1 receptor antagonist —18.8 -5.79
Mm.29254 Igfbp3 Insulin-like growth factor binding protein 3 -3.1 —0.50
Mm.30211 Scybl4 Chemokine (CXC motif) ligand 14 2.7 —0.96
Mm.4660 Scybs Chemokine (CXC motif) ligand 5 2.7 —0.82
% (—) indicates a decrease in expression.
Actin IL1rn Igfbp3 Scyb14 Scyb5
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Fig. 1. Semi-quantitative RT-PCR analysis. Expression of IL-Ira, IGF-BP3, Scybl4, and Scyb5 in two lines of Dlg-null primary MEFs (#33 and #44) and

immortalized MEFs #33 were examined.
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Fig. 2. Effect of exogenous expression of hDlg. MEFs indicated were
transfected with hDlg and expression of the indicated genes was examined
by semi-quantitative RT-PCR analysis. The results of immunoblotting
analysis using anti-Dlg antibody are also shown.

is interesting that Dlg have been shown to play an impor-
tant role in the activation of T cells [23,24]. We therefore
speculate that Scyb5 may be transactivated downstream
of Dlg-dependent TCR signaling and contribute to T-cell
function. Moreover, we found that approximately 12% of
Dlg heterozygous mice developed B-NK lymphomas. Since
it is known that some of the genes that influence the devel-
opment or functions of T cells are involved in the patho-
genesis of B-cell lymphomas [25], it is possible that up-

regulation of Scyb5 may contribute to lymphomagenesis.
Further elucidation of the significance of Scyb5 in the tu-
mor suppressor function of Dlg is underway in our
laboratory.
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