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Hoxc8 Downregulates Mgl1 Tumor Suppressor
Gene Expression and Reduces Its Concomitant

Function on Cell Adhesion

Kalyani Ruthala, Jogeswar Gadi‘, Ji-Yeon Lee, Heejei Yoon, Hyun Joo Chung, and Myoung Hee Kim*

Hoxc8 is a homeobox gene family member, which is es-
sential for growth and differentiation. Mg/1, a mouse
homologue of the Drosophila tumor suppressor gene Igl,
was previously identified as a possible target of Hoxc8.
However, the biological effects and underlying molecular
mechanism of Hoxc8 regulation on Mgl1 has not been fully
established. The endogenous expression patterns of
Hoxc8 were inversely correlated with those of Mgl1 in dif-
ferent types of cells and tissues. Here we showed that
Hoxc8 overexpression downregulated the Mg/7 mRNA
expression. Characterization of the ~2 kb Mgl1 promoter
region revealed that the upstream sequence contains sev-
eral putative Hox core binding sites and chromatin im-
munoprecipitation assay confirmed that Hoxc8 directly
binds to the 5’ upstream region of Mgl/1. The promoter
activity of this region was diminished by Hoxc8 expression
but resumed by knockdown of Hoxc8 using siRNA against
Hoxc8. Functional study of Mgl1 in C3H10T1/2 cells re-
vealed a significant reduction in cell adhesion upon ex-
pression of Hoxc8. Taken together, our data suggest that
Hoxc8 downregulates Mgl1 expression via direct binding
to the promoter region, which in turn reduces cell adhe-
sion and concomitant cell migration.

INTRODUCTION

Hox transcription factors are not only master regulators for the
embryonic body pattern formation during animal development,
but are also known to have regulatory functions in adults (Lee
et al., 2008; Morgan, 2006; Pearson et al., 2005). Since it be-
comes increasingly evident that Hox plays crucial roles in nu-
merous cellular processes such as cell division, adhesion, pro-
liferation and apoptosis, it becomes more important to under-
stand how Hox modulates the downstream transcriptional
events under specific conditions. During mouse development,
Hoxc8, a member of the Hox family of transcription factors, is
expressed in both ectoderm-derived neural tube and meso-
derm-derived somites, which are further restricted to the sclero-
tome (Shashikant and Ruddle, 1996). Although there has been

no Hoxc8 natural mutant identified, deregulation of Hoxc8 ex-
pression has been reported in several different types of human
cancers, such as prostate, cervical, and esophageal cancers,
emphasizing the importance of Hoxc8 in cancer development
(Alami et al., 1999; Chen et al., 2005; Miller et al., 2003).

Until recently, numerous attempts have been applied to de-
termine the Hox downstream target genes by either low resolu-
tion analysis using traditional proteomics, ChIP, ChIP-PCR or
high resolution analysis combined with microarray profiling
(Chung et al., 2010; Kang et al., 2010; Kwon et al., 2003; Lei et
al., 2005; 2006; 2007; Min et al., 2010). However, only a few
have been identified thus far. Interestingly, long before these
attempts, Tomotsune et al. (1993) isolated in vivo Hoxc8 target
sequences from mouse spinal cords by screening immunopuri-
fied lambda gt10 library and identifying a clone containing a
significantly homologous sequences to the Drosophila lethal (2)
giant larvae (lgl) gene, after which “Mgl/1” was named in mice.
Drosophila Igl was originally discovered as a tumor suppressor
gene and was found to be necessary for the maintenance of
cell polarity and asymmetric cell division. Loss of g/ caused
massive tumor-like overgrowth, tissue disorganization, and
lethal phenotypes in both Drosophila and mice (Klezovitch et al.,
2004; Vasiokhin, 2006). In addition, a human homologue Hugl1
was often lost or downregulated in a variety of human solid
tumors, supporting its role as a tumor suppressor in humans as
well (Grifoni et al., 2004; Kuphal et al., 2006). However, the
significance of this incident in carcinogenesis, and the correla-
tion between Hoxc8 and Mgl1 remains unknown (Grifoni et al.,
2004; Kupha et al., 2006; Schimanski et al., 2005).

Since the in situ expression patterns of Hoxc8 and Mgl1 have
been implied to be mutually exclusive in a previous report (To-
motsune et al., 1993) that indicated negative regulation by
Hoxc8, we wanted to prove whether Mgl1 is a real downstream
direct target gene of Hoxc8. First, we compared the in vivo
expression pattern of Mgl1/Hugl1 and Hoxc8 in developing
mouse embryos, tissues, and then further in human cancer cell
lines. Direct binding of Hoxc8 to the promoter region of Mgl1
was confirmed by ChIP analysis and the functional activity of
this binding sequence was demonstrated by the luciferase re-
porter assay. We further investigated the implications of Mgl1, a
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cytoskeletal protein, in cancer progression and the effects of
Hoxc8 on this process.

MATERIALS AND METHODS

Animal preparation, tissue source and storage

ICR male mice about two months old were dissected to obtain
the brain, heart, kidney, spleen and liver tissues under aseptic
conditions. These tissues were collected in 1.5 ml eppendorf
tubes and immediately frozen in liquid nitrogen and stored at
-80°C until we isolated the total RNA. To obtain E11.5 embryos,
male and female ICR mice were caged together for mating
around 6 pm. The next morning, when the vaginal plugs were
present, we defined it as 0.5 day postcoitum (dpc) or E0.5 em-
bryo. After 11 days, the pregnant female mice were sacrificed,
and the E11.5 embryos were extracted. The maternal and ex-
tra-embryonic tissues were removed. The embryos were di-
vided into five parts along the anterior-posterior axis and then
used for total RNA preparation.

Cell cultures, transfection and Western analysis

All the cells we used in our studies were cultured in the recom-
mended cell culture medium (Dulbecco’s Modified Eagles Me-
dium; WelGENE Inc., Korea) supplemented with 10% FBS
(Fetal bovine serum, WelGENE Inc., Korea) and 1x of penicil-
lin-streptomycin from 100X stock (WelGENE Inc., Korea), at
37°C, 5% CO..

The plasmid pcDNA3.1-Hoxc8 harboring mouse Hoxc8 gene
has been previously described (Kwon et al., 2003). pcDNA3.1-
Hoxc8 or pcDNAS.1 empty vector was transfected into C3H10T1/2
murine mesenchymal progenitor cells using Lipofectamine
2000™ reagent (Invitrogen, USA) as indicated by the manufac-
turer. To establish stable cell lines, pcDNAS3.1-myc-His-Hoxc8
or control empty vector was transfected into NIH3T3 cells. Sta-
ble cells were selected in the presence of G418 antibiotic
(GIBCO, Invitrogen, USA). The medium was changed every
three days. Cells were subcultured when the cells reached 90%
confluency.

For Western blot analysis, cells were lysed in lysis buffer
(17081, iNtRON Biotechnology Inc.) and then protease inhibitor
cocktail (P8340, Sigma-Aldrich) was added. Samples were
quantified and equal amount of proteins were boiled for 5 min
at 95°C. Proteins were resolved by SDS-PAGE, transferred to
a membrane (Amersham Hybond™-P, GE Healthcare Limited,
Amearshamplace, Little Chalfont, Buckinghamshire HP7 9NA)
and subjected to immunoblotting with the Hoxc8 monoclonal
antibody MMS-286R (Covance), or mouse monoclonal beta
Actin antibody AC-15 (Abcam ab6276). Immunoreactive pro-
teins were detected using SuperSignal West Pico Chemilumi-
nescent Substrate (PIERCE).

Total RNA isolation and semi-quantitative RT-PCR

Total RNA was isolated using Trizol reagent (Invitrozen, USA)
and reverse transcription (RT) was performed with 2 ug of the
RNA using ImProm-IITM Reverse Transcriptase (Promega,
USA). PCR amplification was performed in triplicate using G-
Taq polymerase (Cosmo Genetech Co., LTD, Korea) under the
following conditions: initial denaturation for 5 min at 95°C, then
30 cycles of 94°C for 30 s (denaturation), 58°C (for Hoxc8 and
B-Actin) or 62°C (for Mgl1) for 30 s (annealing) and 72°C for 30
s (polymerization). The primer sequences were as follows: for
the mouse Hoxc8, 5'-CAC GTC CAA GAC TTC TTC CAC
CAC GGC-3 (forward) and 5'-CAC TTC ATC CTT CGA TTC
TGG AAC C-3 (reverse); Mgl1, 5-AGG AGG ACA TCA GTG
GCA TC-3 (forward) and 5-TGT CTC TGG TCC CAT TAG

CC-3' (reverse); control p-Actin, 5'- CTT CTT GGG TAT GGA
ATC CTG -3 (forward) and 5'- TCA GGA GGA GCA ATG ATC
TTG-3 (reverse); for human HOXCS, 5'-CCT ATT ACG ACT
GCC GGT TC-3 (forward) and 5-TTG GCG GAG GAT TTA
CAG TC-3' (reverse); Hugl1, 5-GCC TGC CTC ACC AAC
CTG-3 (forward) and 5'-TGG CTC AGC TTG GGT GAC TC-3'
(reverse); B-ACTIN, 5-CAT GTT TGA GAC CTT CAA CAC
CCC-3 (forward) and 5'-GCC ATC TCT TGC TCG AAG TC-3'
(reverse).

Sequence analysis

The upstream region of Mgl1 (about 2 kb) was analyzed using
the UCSC genome browser (http://genome.ucsc.edu/cgi-bin/
hgNear) gene sorter program. Hox consensus binding sites
(TAAT/ATTA/TTAT/ATAA/TTAC) were searched manually in
the 2 kb upstream region of Mgl1.

Chromatin immunoprecipitation (ChiP)-PCR

NIH3T3 stable cells overexpressing Hoxc8 and mouse embry-
onic tissues (brain and trunk) were used for ChIP analysis. The
ChlIP protocol was slightly modified from the user manual of the
ChlP assay kit (Upstate Biotechnology, USA). Crosslinking was
performed using 1% formaldehyde in DMEM. Sonicated prod-
uct (~500 bp) was used as input after reverse cross linking.
Immunoprecipitation was performed with anti-Hoxc8 antibody
(Covance MMS-286R, Covance Research Product Inc., USA)
or normal mouse IgG antibody (SC-2026; Santa Cruz Biotech-
nology Inc., USA) as a control. PCR was performed with the
Mgl1 primers: 5-GGT GCA AAC CGA AGT TCT TTG T-3
(forward) and 5-TGT TTT CCA CTC ACG ACT GAG-3' (re-
verse).

Mgl 1 reporter plasmid construction and effector-reporter
analysis

The ~2 kb promoter for Mgl1 was amplified by PCR using
mouse genomic DNA as template and specific primers, 5'-ACA
CTG TGT CTT CAG GCA CAC CA-3 (forward) and 5-CGG
AAC CGA AAC TTC ATC AT-3' (reverse), and then cloned into
the TA vector (RBC lifesciences, Real Biotech Corporation,
Taiwan). It was then subcloned into the pGL3-basic vector
(Promega, USA) using the Hindlll restriction endonuclease site
to generate a luciferase reporter construct called pGL3-Mgl1-
luc.

C3H10T1/2 (4 x 10*cells in 24-well plates) were transiently
transfected using Lipofectamine 2000 reagent (Invitrogen,
USA) with a total of 400 ng of luciferase reporter plasmid and
the indicated combination of effector expression plasmids (i.e.,
pcDNA3.1-Hoxc8) plus 10 ng of pRL-TK vector. After 4 h of
transfection, the media were changed and Hoxc8-siRNA (Sam-
chully Pharm Co. Ltd., Korea) was transfected using Hi-perfect
transfection reagent (Qiagen, USA). Luciferase activity was
measured 48 h after transfection using the Dual Luciferase
assay kit (Promega, USA) on a GLOMAX 20/20 luminometer
(Promega, USA), according to the manufacturer’s instructions.

Cell adhesion assay

The C3H10T1/2 cells were seeded in a 24 well plate (4 x 10*
cells/well) on the day before transfection. Cells were trans-
fected in triplicate with 400 ng of pcDNA3.1 or pcDNA3-Hoxc8
vectors and 100 nM of Mgl1-siRNA (Genolution Pharmaceuti-
cals, Korea) or negative control-siRNA using G-fectin (Genolu-
tion Pharmaceuticals, Korea) according to the manufacturer's
instructions. After 60 h of transfection, the adherent cells were
trypsinized and counted using a hemocytometer (C-chip; iN-
CYTO, Korea). Untransfected cells were used as controls.
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Fig. 1. In vivo endogenous expression patterns of Hoxc8 and Mgl1 in different mouse tissues and human cells. (A) E11.5 mouse embryos
indicating five regions (1-5) sliced along the anterior-posterior (AP) axis as indicated. (B) Endogenous gene expression levels of Hoxc8 and
Mgl1 in each region along the anterior-posterior axis through RT-PCR. (C) Gene expression patterns in different adult mouse tissues and their
quantification normalized with those of S-Actin using a densitogram. (D) Endogenous expression levels of human HOXCS8, Hugl, and S-ACTIN
were anayzed by RT-PCR in two different human cancer cells, Huh7 (hepatoma) and Hela (cervical cancer).

Statistical analysis

Statistical analysis was performed using Sigma plot 10 software.

T-tests were performed and the results were expressed as
mean + standard error (SE). For all ttests, a P-value of < 0.05
was considered to be statistically significant.

RESULTS

Mgl1 mRNA expression is negatively correlated with that
of Hoxc8

Hox genes are not only involved in pattern formation during
embryogenesis but also have regulatory roles in adult tissues.
Since we aimed to study the relationship between Hoxc8 and
Mgl1, we first examined the endogenous expression pattern of
these genes in mouse embryos as well as in adult tissues. Us-
ing E11.5 embryos, the expression levels of Hoxc8 and Mgl1
were analyzed using semi-quantitative RT-PCR along the ante-
rior to posterior axis (slices 1 through 5 in Fig. 1A). As shown in
Fig. 1B, position specific expression pattern of Hoxc8, which
were already shown in previous reports (Chung et al., 2010;
Kwon et al., 2005; Min et al., 2010) was detected: strong ex-
pression in the thoracic region (slices 3 and 4) and low expres-
sion in the area containing the brain and tail (slices 1 and 5). In
the case of Mgl1, the opposite expression patterns were de-
tected; high levels of expression in slices 1 and 5 (Figs. 1A and
1B). When adult tissues were analyzed in mice, the trend of
negative correlation between these two genes was also de-
tected, i.e. strong expression of Mgl1 but low expression of

Hoxc8 in brain tissue and the opposite results in the spleen, etc.
(Figs. 1C and 1D). When we looked at the expression patterns
of HOXC8 and Hugl1, a human homologue of Mgl1, in two
different human cancer cells, Huh7 (a human hepatoma cell
line) and Hela (a human epithelial cervical cancer cell line), the
opposite correlation of HOXC8 and Hugl1 expression level was
still noticed in both cell lines, although HOXC8 was intensively
expressed in Huh7 but not in the other depending on cell con-
text (Fig. 1E). Together, these data strongly suggest that Hoxc8/
HOXC8 may negatively regulate Mgl1/Hugl1 gene expression.

Overexpression of Hoxc8 downregulates Mgl1 expression

in vitro

Since the expression patterns of Mgl1 and Hoxc8 showed a
negative correlation, we examined the effect of Hoxc8 on Mgl1
expression in vitro using Hoxc8 expression vector, pcDNA3.1-
Hoxc8. When Hoxc8 expression vector (0cDNA3.1-Hoxc8) was
transiently transfected into the C3H10T1/2 cells along with the
empty vector (pcDNAS.1), Mgl1 expression decreased depend-
ing on Hoxc8 expression: the amount of Mgl1 transcript was
initially high, because C3H10T1/2 mouse embryonic cells do
not express Hoxc8, but then decreased with overexpression of
Hoxc8 (Fig. 2). This in vitro result further confirmed the in vivo
results (Fig. 1) in which the endogenous expression level of
Hoxc8 and Mgl1 was maintained in an opposing manner.

Hoxc8 directly binds to the promoter region of the Mgl1
To test whether Hoxc8 could function as a direct transcriptional
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Fig. 2. Overexpression of Hoxc8 down-regulates Mgl1 expression
in vitro. C3H10T1/2 cells were transfected with either empty
(pcDNA3.1) or Hoxc8-expression vector (pcDNA3.1-Hoxc8) with
different concentrations and were harvested after 48 h. Total RNA
was isolated and RT-PCR was performed. PCR amplification was
carried out using specific primers described in the materials and
methods section. The protein level of Hoxc8 was also confirmed by
Western blot analysis (see bottom).

regulator for Mgl1 gene expression, putative Hoxc8 core bind-
ing sites (TAAT/ATTA/TTAT/ATAA/TTAC) were analyzed in the
promoter regions of Mgl1 spanning from ~1920 bp upstream
(-1920) to ~50 bp downstream (+50) of the Mgl1 translation
start site. Total 18 putative binding sites were detected, and
interestingly enough, 11 sites were enriched in a ~330 bp re-
gion (Fig. 3A). So we further confirmed whether Hoxc8 really
binds to this region using ChIP-PCR analysis. Hoxc8-bound
chromatin was isolated from in vitro cells stably overexpressing
Hoxc8 or in vivo embryonic tissue, and then immunoprecipi-
tated with anti-Hoxc8 antibody. The Hoxc8-bound fragment
was amplified with specific primer set. As shown in Figs. 3B
and 3C, 395 bp PCR product (-700~-306 from the translation
initiation site of Mgl1) was detected in Hoxc8 expressing cells
(trunk and Hoxc8 transfectant), but not in the controls (brain
and control empty vector transfectant), indicating that this re-
gion was directly bound to Hoxc8 protein.

Mgl1 promoter activity is regulated by Hoxc8

Since Hoxc8 binding to the promoter region of Mgl/1 does not
mean that Hoxc8 regulates Mgl1 gene expression, the up-
stream ~2 kbp region of Mgl1 was cloned into the luciferase
reporter plasmid, pGL3-basic vector, and the reporter activity
was analyzed in the presence or absence of Hoxc8. The cells

A

-1900
-1850
-1800
-1750
-1700
-1650
-1600
-1550
-1500
-1450
-1400
-1350
-1300
-1250
-1200
-1150
-1100
-1050
-1000
-950
-900
-850
-800
=750
=700
-650
-600
-550
-500
-450
-400
-350
-300
-250
-200
-150
-100
-50
+1

ACACTGTGTCTTCAGGCACA
CCAAAAGAGGACATCTGATCTCATGAGCCACCATGTGGTTGCTGGGATCT
GAACTCAAGACCTCTGGAAGAGCAGTCAGTGCTCTTAACCACTGAGCCAT
CTCTCTAGCCCCTTAAAAGTCATTCTTTTTTGTTGTTGTTTTGTTTTTTG
AGACAGGGTTTCTCTGTGTAGCCTTGGCTGTCCTGGAACTCACTCTGGAG
GCCAGGCTGACCTCGAACTCAGAAATCTGCCTGCTTCTGCCTCCCAAGTG
CTGGGATTAAAGGCGTATGCCACCACTGCCCGGTAAAAGTCATTCTTATT
GGCTATCAAACAACAGAAGTTATTTGTTGCTGTTTTGTTGTCTGGTGTTT
GGGGTTTTTTGTTTGTTTGTTTTGTTTTTGTGACTGCAGTGTAAAATTTC
TGGGGATTGGTTACTTGGGTAACCTAATAAACTTTTACTGCAGAGATGAG
GGTAGAGAAAGCTGGTGCTGAGGTAGAGCATGTCCTGAGCATTTGCAAGG
TTGAAATCCAACATGGGGTAGCACAAGGACTGTAGCCTAGGCCTCTGAGT
TGCTTCTGATCATGACTTGTGTGGGGCTGATCTTGGTCTGTGTTGGCTGC
CACTGTTTCTTCCTCTGTGCATCTGGGGTGATATCACTTTAAAATTGTGT
GGTATCTGTGCCTCTCTCAGTGAGCTCTTAAAATCATTAAGCGTGTTGAG
ATCAGGAGGGGCCCTTTGCTGTCTAGCCAACCACTTTAGCTACAGCTCGG
GAAAGAGCTGTGAGTCCTGAGCCCCAACTCCCAGGGCGGGTTGAGCAACG
CTGGTCGTGGGCAGTTTGGAGGTAGCTAGGTCCCTGTTGCTGCAGTGCAG
CTGCCTGAGGGTTAAGGGTCAACGCCTCCTCTCTTGACAAAGATGGGAGG
ACAGGGGCTTGGCCCGCTTAAACTCCTGGGATCTCTCCCAACACTGAGTC
CCTCAGCTAGCAGGAAAAGGTTCAGCCTAGAGGCCATTGTCCAGAAGAGA
AAAGTCTCGGGAGGTGGGTGGGACAGGAAGAAAGCGGGGGCGGGGCGCAG
CTTTGTTCTCGGAGTTCCCTGTAGGGATGGGGGAAACAAGGGGAGAAGCT
GTATCCAGCCCGCTCCTGTTCAGCCCTACGTGCCTGCCACCTCCTGCAGC
CCTCCGCCCCTTTTCTTTGCCTCGCGTCCCTCTCAAGGATCTTCTGAGCC
GGTGCAAACCGAAGTTCTTTGTGTTGGGTCATGAATAATAACTCTCAAGG
AATTGAGATTTTCTTTTTTTTTTTTGAGACATAGTTTTACAATGTAGCTT
TTGACTGGCCTGGAACTCAGAGAGATCTGCCTGCCTCTGCTTGCCACCTG
ATTGCCAGAATTAAAGTTATGCACAACCATCGCGGGCTCCTAGAGAGGGG
TTCTTCGATAATAGTTGAGACAAAAAGCGTGGTGTGGAATACACACCGGA
GGAATAGGCAAAGTAGTGATCCGTGAAAACTGGCCACACAAACTAGATAA
CAACGGCAAAGATGGGGGAAGTGGGACCGGGAGGGGCTAGAGAATTGTCC
CTGGAATTATTAGAATGTTGTTAGCTCAGTCGTGAGTGGAAAACAACCTT
TAGCAAACCACAGCCCAGCTTCCCACGGTTGGGACCCACCTTCGGACTAC
AAGTCCCAGCAGGCCCCGCACCATTGCGCATGCGTGACTGCCCCCCCCCC
CCGGCGAGCCCGGCGAGCCCGGGGGCCCCGTCCTCGCCCATTGTCTGGCG
AGCAAGGGGCGGCACGGCACGGCGGGCACGCTCACGTCGTGGGTCGGGCG
GGCGTCCGTGGCGTCCCGCGCCTCCGTGCAGGCCCCGCCCCGCGCCTCAG
GACCGGCGGGGCCGGGCGCATCCCGCGGCGGTGGCGGAGGCGGGCGCAAG
ATGATGAAGTTTCGGTTCCGGCGGCAGGGCGCCGACCCGCAGCGCGAGAA

Water

Input
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Fig. 3. Sequence analysis and direct binding of Hoxc8 in the 5' upstream promoter region of Mgl1 through ChIP-PCR. (A) Sequence analysis
of the ~2 kb upstream regulatory region of Mgl1: NT_096135.5 (26,016,321..26,018,290). Putative Hox core consensus binding elements
(TAAT/ ATTA/ TTAC/ TTAT/ ATAA) are written in red. The translation start codon (ATG) is written in italic bold. Primers used for ChlP-PCR
and upstream promoter amplification for reporter (pGL3-Mgl1-Luc) construction are indicated in green and blue letters, respectively. ChIP-PCR
analysis of in vitro (B) and in vivo cells (C). Chromatins were precipitated in the presence of anti-Hoxc8 monoclonal antibody (lane 3) or anti-
mouse IgG (lane 4), and then the precipitated chromatin was subjected to PCR using ChlIP-specific primers. Input (prior to immunoprecipita-
tion) was used as an internal control (lane 2). Water indicates a no-template control (lane 1).
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Fig. 4. Hoxc8 negatively regulates Mgl1 promoter activity. C3H10T1/2 Cells were plated at a density of 4 x 10" cells per well in a 24-well plate for
transfection. (A) pGL3-basic and pGL3-Mgl1-promoter construct (pGL3-Mgl1-Luc) were co-transfected with effec-tor plasmids, pcDNA 3.1
(empty in B) or pcDNA 3.1-Hoxc8 (Hoxc8 in B) with or without siRNA as indicated. Transfected cells were harvested after 48 h of transfection.
Luciferase activity was measured and normalized to that of Renilla luciferase used as an internal control. Data are shown with the mean +
SEM of triplicates. The data shown are representative of at least two independent experiments. * represents significant difference (P < 0.05).
(B) mRNA level of Hoxc8 and p-Actin in different transfection conditions. Control means no transfection. (C) Effect of Hoxc8 on a different

titration of Mgl1 promoter.

transfected with pGL3-Mgl1-Luc vector showed strong reporter
activity, while this activity was dramatically reduced (about 4-
fold) by co-tranfection with the effector plasmid (pcDNA3.1-
Hoxc8) expressing Hoxc8 (Figs. 4A and 4C). To confirm that
this reduction was really due to expression of Hoxc8, siRNA
against Hoxc8 was treated. As shown in Fig. 4A, the reduction
of luciferase activity was fully recovered. Induction of Hoxc8
expression and depletion by siRNA in the same set of cells
used for Fig. 4A was confirmed by RT-PCR (Fig. 4B). These
findings strongly suggest that Hoxc8 represses Mgl1 promoter
activity by binding to the promoter region.

Hoxc8 negatively affects Mgl1’s function on cell adhesion
Since it has been reported that the expression of Hugl1 in-
creased cell adhesion, thus decreasing cell migration (Schi-
manski et al., 2005), we tested whether the mouse homologue
Mgl1 had the same function. In order to do this, cell adhesion
analysis was performed in C3H10T1/2 cells after transfection
with different combinations of effector plasmid and siRNA (see
“Materials and Methods”). As shown in Fig. 5, the number of
adherent cells decreased by about 15% in the presence of
Hoxc8. Since Hoxc8 did not completely shut down expression
of Mgl1 (Fig. 2), we further treated siRNA against Mg/1 and
counted the adherent cells after 60 h of transfection. Interest-
ingly, a synergic inhibitory effect was achieved by knockdown of
Mgl1 with Hoxc8 expression; that is, the fraction of adherent
cells decreased another 35% compared to those overexpress-
ing Hoxc8.
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Fig. 5. Cell adhesion analysis upon Hoxc8 expression. C3H10T1/2
cells were transfected with either pcDNAS3.1 or pcDNA3.1-Hoxc8 in
the presence or absence of siRNA against Mgl1 (Mg/1 siRNA).
Cells were trypsinized after 60 h of transfection and counted using a
Hemocytometer. The adherent cells were plotted as a percentage
of the untreated controls. Each bar indicates the mean + SEM of
three replicates of one experiment. All the experiments were per-
formed at least in duplicate and obtained a similar pattern of results.
* represents significant difference (P < 0.05).
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DISCUSSION

Hox genes are implicated in several cancer types and altered
patterns of Hox gene expression are considered to be an indi-
cator of tumor progression or suppression (Alami et al., 1999;
Chen et al., 2005; Miller et al., 2003). Since Mgl1 has been
proposed as a direct target gene of Hoxc8 and has a role as a
tumor suppressor (Tomotsune et al., 1993), we aimed to clarify
the binding capacity of Hoxc8 in the promoter region of Mgl1
and to evaluate the functional significance of Hoxc8 in Mgl1
gene expression and action.

First, we analyzed the expression pattern of Mg/7 and Hoxc8
in embryonic and adult tissues to understand the relationship
between Hoxc8 and Mgl1 gene expression in mice. The ex-
pression pattern of Hoxc8 in developing mouse embryos has
been intensively studied by our group and others (Awgule-
witsch and Jacobs, 1990; Breier et al., 1988; Kwon et al., 2005;
Le Mouellic et al., 1988). Our current data verified the distinct
expression patterns of Hoxc8 in early embryos, in accordance
with the previous results (Fig. 1). Hoxc8 is also expressed in
some adult tissues, with considerably high levels in the spleen
and kidney but rarely in the brain and heart. Although compre-
hensive expression profiles of Hox genes have not been previ-
ously reported for a variety of mouse adult tissues, the differen-
tial expression pattern of Hoxc8 in the several tissues we exam-
ined is partly in agreement with the previous studies showing
Hox gene expression in human adult tissues (Takaha-shi et al.,
2004; Yamamoto et al., 2003). Compared to the Hoxc8 expres-
sion pattern, Mgl1 was expressed relatively constantly in em-
bryo, but has strong expression in the brain, tail and trunk re-
gions harboring the forelimb, showing slight tendency toward
negative correlation with Hoxc8 expression (Fig. 1); these re-
sults were similar to those of another group (Kim et al., 2003).
The opposite pattern of expression between Hoxc8 and Mgl1
was more prominent in the adult brain, suggesting a possible
regulatory mechanism for Mgl1 expression by Hoxc8. The high
expression of Mgl1 in both embryonic and adult mouse brains
implies that Mgl1 plays a critical role in brain development. It is
interesting to emphasize the fact that Mg/71 knockout mice dis-
played brain dysplasia and died neonatally from severe hydro-
cephalus (Klezovitch et al., 2004). This opposing pattern of
expression of Hoxc8 and Mgl1 was confirmed not only in vivo
but also in the transient transfection experiment (Fig. 2).

Mgl1 was originally identified as one of the in vivo targets of
Hoxc8 (Tomotsune et al., 1993). Through the combination of
immunoenrichment and library screening procedures, they
analyzed the genomic sequence of Mgl/1 containing 21 exons
and determined the sequence corresponding to the immunopu-
rified clones at the 17" intron. However, it had not been verified
at that time whether this genomic region was essential for the
regulation of Mgl1 expression by Hoxc8. Here we demon-
strated that the upstream promoter region of Mgl/1 contains
putative Hox binding sites and acts as a docking site for Hoxc8
binding (Fig. 3). On the contrary, no Hox binding site was found
in the 17" intronic region. In addition, the binding of Hoxc8 into
this intronic sequence was much weaker than that of the pro-
moter region (data not shown). The luciferase reporter assay
also clearly showed that ~2 kb promoter region of Mg/1 has
transcription enhancing activity, which is negatively regulated
by Hoxc8 (Fig. 4). Taken together, our results suggest that
Hoxc8 effectively binds to the promoter region and downregu-
lates the transcriptional level of Mgl1.

Lglis highly conserved in eukaryotes. Tumor-like characteris-
tics, including rapid growth, invasiveness, loss of cell polarity
and disorganization of the cell-cell adhesion structures, ob-

served in Drosophila Igl mutants, re-emphasizes the important
role of Lgl as a tumor suppressor (De Lorenzo et al., 1999;
Vasiokhin, 2006). Considering that loss of cell polarity is one of
the hallmarks of human cancer, the conserved function of Lgl in
the cell polarity and asymmetric cell division pathway in differ-
ent model organisms raises a lot of questions about the
mechanisms responsible for Lgl functions in cancer. A recent
study showed that downregulation of Hugl/1 contributes to the
progression of human colorectal cancer (Schimanski et al.,
2005). In addition, they characterized the biological effects of
Hugl1 using a functional assay with a Hugl7-inducible cell line
and found that Hugl1 expression increased cell adhesion and
decreased cell migration (Schimanski et al., 2005). In this ex-
periment, when Hoxc8 was expressed, the number of adherent
cells was reduced via knockdown of Mgl1 expression (Figs. 2
and 5), and further knockdown of Mgl1 with siRNA in Hoxc8-
expressing cells exacerbated the Hoxc8-induced negative ef-
fect on cell adhesion (Fig. 5).

In conclusion, this study demonstrated that Hoxc8 downregu-
lates Mgl1 expression at a transcriptional level by directly bind-
ing to its 5’ upstream promoter region, eventually affecting Mgl1
function on cell adhesion. Considering the tumor suppressor
function of Mgl1, the aberrant expression of Hoxc8 in cancer
and the subsequent effects on the function of Mgl1 will provide
a plausible mechanism for how the alteration of normal Hox
expression could promote tumorigenesis.
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