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Abstract. The cDNA of a new human mesangium-predominant
gene, megsin, a novel member of the serpin superfamily, has
recently been cloned. This study investigates the regulatory
mechanisms of megsin gene expression. A genomic clone of
the human megsin gene was obtained by screening bacterial
artificial chromosome (BAC) library with the megsin cDNA.
The analysis for exon-intron junctions of megsin genomic
DNA demonstrated that the gene contained 8 exons and 7
introns, spanned 20 kbp, and that the genomic structure of the
serpin superfamily was highly conserved. Fluorescence in situ
hybridization (FISH) revealed that the megsin gene is localized
in chromosome 18q21.3, close to the other serpin genes. The
transcriptional start site, located by primer extension analysis,

was 391 bp upstream from the start codon. The sequence and
reporter analyses on 4021-bp-long 5'-flanking region of megsin
gene demonstrated a consensus promoter segment within this
region and a relatively strong promoter activity in human
mesangial cells and A431, a human tumor cell line recently
reported to express a novel serpin identical with megsin. Moreover, this study utilized site-directed and deletion mutagenesis
analyses, and electrophoretic mobility shift assay identified
one positive regulatory motif, an incomplete activator protein-1 (AP-1) binding motif (CTGATTCAC) within the ⫺120
to ⫺112 region. This cis-acting element in the 5'-flanking
region of megsin is involved in the activation of the megsin
gene in mesangial cells.

Mesangial cells play an important role in maintaining the
structure and function of the glomerulus and are thus involved
in the pathogenesis of glomerular diseases (1,2). It is therefore
important to identify and characterize the genes that are expressed predominantly by mesangial cells. Rapid large-scale
DNA sequencing and computerized data processing allowed us
to recently identify a new human mesangium predominant
gene, megsin (3). This methodology has also been successful in
the identification of tubules-specific genes (4,5). The fulllength cDNA clone of megsin as well as its novel coded 380
amino acid protein exhibited a sequence similarity with those
of the serine protease inhibitor (serpin) superfamily. This family includes plasminogen activator inhibitor type 2 (PAI-2), the
squamous cell carcinoma antigen (SCCA), monocyte/neutrophil elastase inhibitor, and maspin. It has been strongly conserved over the last 500 million years (6). Expression of
megsin has also been shown to be upregulated in a variety of
renal disorders with mesangial cell injury in humans (7,8) and

in a mesangioproliferative glomerulonephritis model in rats
(9). Of interest, overexpression of megsin led to progressive
mesangial matrix expansion and an increase in the number of
mesangial cells (10).
Several other genes, coding mainly for ion channels or
transporters, are also expressed exclusively in renal tubular
cells (11–16). The mechanisms responsible for their tissue
specificity remain unknown at this stage. Elucidation of the
transcriptional regulation of megsin should help us understand
its tissue specificity and provide important insights into the
mechanisms of cell type-dependent gene expression.
In the present study, we further characterize the structure,
organization, and sequence of the mesangium dominant gene,
megsin. We demonstrated that it is located in chromosome
18q21.3, close to other serpin genes. Finally, we identify,
within the promoter region, a positive regulatory element involved in the activation of megsin gene transcription.
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To isolate genomic DNA containing human megsin gene, bacterial
artificial chromosome (BAC) library was screened with fragments of
5'- and 3'-untranslated regions of megsin. One positive clone (F581)
was partially digested with BamHI, subcloned into the BamHI site of
the pBluescript SK(⫺) (Stratagene, La Jolla, CA) for DNA sequencing analysis of 5'-flanking region of human megsin.
To analyze exon-intron junctions of megsin gene, the F581 clone
and Genome Walker human genomic libraries (Clontech, Palo Alto,
CA) were utilized.

2716

Journal of the American Society of Nephrology

Cell Cultures
Primary cultured human mesangial cells were purchased from
Clontech. Cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum, 100 IU/ml
penicillin, 100 g/ml streptomycin, and 200 g/ml L-glutamine. A431
cells, human tumor cell line derived form epidermoid carcinoma, were
purchased from Dai-Nihon Pharmacological Co. (Osaka, Japan). Primary cultured human dermal fibroblasts and umbilical vein endothelial cells (HUVEC) were purchased from Kurabo Co. (Tokyo, Japan).
Human cell lines, including FL (from amnion), HeLa (from adenocarcinoma), and Chang liver (from liver) cells, were also purchased
from ATCC (American Type Culture collection, Manassas, VA).

Fluorescence In Situ Hybridization (FISH)
DNA from bac BAC clone F581 encoding human megsin gene was
labeled with digoxigenin dUTP by nick translation. Labeled probe
was combined with sheared human DNA and hybridized to normal
metaphase chromosomes derived from phytohemagglutinin stimulated peripheral blood lymphocytes in a solution containing 50%
formamide, 10% dextran sulfate, and 2 ⫻ SSC. Specific hybridization
signals were detected by incubating the hybridized slides in fluoresceinated anti-digoxigenin antibodies followed by counterstaining with
DAPI for one-color experiments. Probe detection for two color experiments was accomplished by incubating the slides in fluoresceinated anti-digoxigenin antibodies and Texas red avidin followed by
counterstaining with DAPI.

Primer Extension Analysis
Ten micrograms of total RNA from cultured human mesangial cell
were then mixed with 2.5 pmol of 5' 32P-labeled antisense primer
corresponding to nucleotide ⫹67 to ⫹86 in the 5' untranslated region
of megsin (5'-AGG CTG TCC AAA GGT GCA GC-3'), denatured by
heating at 65°C for 30 min, then annealed at room temperature for 90
min. Primer extension proceeded at 37°C for 60 min with 200 U/l of
SuperScript II RNase H⫺ reverse transcriptase (Life Technologies
BRL, Rockville, MD) in a buffer (50 mM Tris-HCl [pH 8.3], 75 mM
KCl, 3mM MgCl2,10 mM DTT, 0.25 mM dNTPs). After ethanol
precipitation, the products were analyzed on 8% acrylamide–7 M urea
sequence gel. The subcloned 5' flanking region was sequenced using
the same primer by the ⌬Tth polymerase Sequencing PRO DNA
Sequencing Kit (TOYOBO, Kyoto, Japan) and electrophoresed on the
same gel.
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tagenesis of the potential transcriptional regulatory domain was performed utilizing Quick Change site-directed mutagenesis kit
(Stratagene). The deletion mutant of AP-1 binding motif was constructed by PCR-based technique. The mutations were verified by a
direct dideoxy nucleotide sequencing.

Transfection and Luciferase Assay
Various kinds of human cells were transfected with 1 g of megsin
promoter-inserted pGL3-Basic vector containing firefly luciferase
gene using LipofectAMINE PULS (Life Technologies-BRL) according to the manufacturer’s protocol. Transfection efficiencies were
normalized by co-transfection with 5 ng of pRL CMV vector containing Renilla luciferase gene (Promega). At the completion of culture incubations, cell media were aspirated and the cells washed once
in phosphate-buffered saline PBS then lysed in cell lysis buffer. The
cell lysates were centrifuged, and the supernatant was analyzed for the
promoter activities using the dual-luciferase reporter assay system
(Promega) and a Lumat LB 9507 luminometer (EG & G Berthold,
Bad Wildbad, Germany).
In some experiments, the transfected cells were subsequently
treated with PDTC (pyrrolidine dithiocarbamate; Sigma, Dorset UK)
for 24 h and then analyzed for the promoter activity as described
above.

Electrophoretic Mobility Shift Assays (EMSA)
Nuclear extract from cultured human mesangial cells was obtained
as described by Dignam et al. (17). Binding reactions were carried out
on ice for 15 min in a mixture containing 10% glycerol, 5 mM MgCl2,
1 mM EDTA, 25 mM dithiothreitol, 50 mM KCl, 10 mM Hepes-KOH
(pH 7.8), 2 g of poly dI-dC, and 10 g of nuclear extract, followed
by further reaction with 80,000 cpm of 32P-end-labeled oligonucleotide probe at room temperature for 20 min. The complexes were
subjected to electrophoresis in 4.5% polyacrylamide gels in running
buffer containing 50 mM Tris-HCl, pH 8.5, 0.4 M glycine, and 2 mM
EDTA. In this study, we used DNA fragment containing incomplete
AP-1 binding motif of megsin (⫺127 bp to ⫺108 bp; see Figure 5A)
and AP-1 consensus oligonucleotide (Promega) as the probe.
For competition studies, unlabeled competitor oligonucleotide was
added by 100-fold molar excess to the reaction mixture. For super
shift assay, anti-c-Fos antibody (Santa Cruz Biotechnology, Santa
Cruz, CA) was used.

Construction of Reporter Plasmids

Results

To assess human megsin gene promoter activity, enzyme restriction
or PCR-amplified fragments of megsin gene were subcloned into
pGL3-Basic vector (Promega, Madison, WI). Enzyme restriction fragments corresponding to nucleotides ⫺4021, ⫺2542, ⫺1874, ⫺1451,
and ⫺1052 to ⫹130 in megsin transcript were generated by digestion
of pBluescript SK(⫺) contained megsin gene from BAC clone, F581,
with both BamHI, StuI, SacI, PstI, or KpnI and XbaI. A series of
deletion mutants corresponding to nucleotides ⫺1052 to ⫹130 in
megsin were prepared by PCR with a pair of primers spanning a
region to be studied. These mutants contained 5'-flanking region of
megsin from ⫺834, ⫺240, or ⫺72 to ⫹130. For the deleted fragment,
which was deleted between ⫺139 bp and ⫺85 bp, the restriction
fragments corresponding to nucleotides ⫺240 to ⫹130 in megsin was
digested with EcoRV and HpaI and was then self-ligated.
For the site-directed mutations of AP-1 (from CTGATTCAC to
CAGAATCTC) or Oct-1 (from CTGATTCACATACA to CTGATTCACGCACA) binding motifs in megsin gene, site-directed mu-

We have previously characterized a cDNA encoding human
megsin (3). The 5'-flanking region and the exon-intron junctions of the human megsin gene were obtained by a PCR-based
method with primers designed from megsin cDNA sequences.
The structure and organization of the human megsin gene
are shown in Figure 1. The megsin gene contains 8 exons and
7 introns and spans approximately 20 kbp. The exons range in
size from 51 bp to 1141 bp, and exon-intron boundaries follow
the GT/AG rule. Comparison of nucleotide sequences flanking
exon-intron boundaries of the human megsin gene with those
of another member of the serpin superfamily, PAI-2 (18), show
that these sequences are well conserved, indicating a close
phylogenetic relationship (Figure 1).
The 4021-bp-long 5'-flanking region of the human megsin

Isolation and Characterization of the Human
Megsin Gene
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Chromosomal Localization of Human Megsin Gene

Figure 1. Structure and organization of the human megsin gene.

We performed fluorescence in situ hybridization utilizing as
probe a megsin genomic DNA fragment, obtained from BAC
clone F581 (Fig.ure3). The initial experiment resulted in the
specific labeling of the long arm of a group E chromosome
believed to be chromosome18 on the basis of size, morphology, and banding pattern. In a second experiment, a biotinlabeled probe specific for the centromere of chromosome 18
was cohybridized with clone F581. This experiment resulted in
the specific labeling of the centromere (red) and the long arm
(green) of chromosome 18. Measurements of ten specifically
labeled chromosomes 18 demonstrated that F581 is located at
68% of the distance from the centromere to the telomere of
chromosome arm 18q, an area that corresponds to band
18q21.3. Out of total of 80 examined metaphase, 76 exhibited
the specific labeling.

Functional Analysis of Megsin Promoter
gene has also been determined (GeneBank accession No.
AF234618). Primer extension analysis located the transcriptional start site at ⫺35bp downstream of a consensus TATA
and at 391 bp upstream of the translational start site (Figure 2).
We demonstrate that the first intron is approximately 6.5 kbp
long and is located between the transcriptional and translational start sites (Figure 1).

The promoter activity of the isolated 5'-flanking region of
human megsin was further investigated. We transfected the
firefly luciferase reporter vector (pGL3-Basic) containing the
4151-bp-long 5'-flanking region (⫺4021bp to ⫹130 bp), by
lipofection into primary cultured cells, including human mesangial cells, dermal fibroblasts, and HUVEC. After normalization for Renilla luciferase activity, the firefly luciferase activity
was statistically (mesangial cells versus dermal fibroblasts, P
⫽ 0.003; mesangial cells versus HUVEC, P ⫽ 0.006) higher in
cultured human mesangial cells than in other primary cultured
cells (Figure 4A).

Figure 2. Identification of the transcription start site of the human
megsin gene. A primer extension analysis was performed with 10 g
of total RNA isolated from human cultured mesangial cells. The
transcription start site (⫹1) and TATA box (⫺35) are indicated by
arrows.

Figure 3. Localization of the human megsin gene to chromosome
18q21.3. The green dots indicated by arrows show the hybridization
signals of the megsin gene probe to a metaphase chromosome spread.
The red bands show binding of a specific probe for the centromere of
chromosome 18.
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Figure 4. Megsin promoter activity in human primary cultured cells
(A) and malignant cell lines (B). Various kinds of human cells were
transfected with pGL3-Basic firefly luciferase vector containing the
4151-bp-long 5'-flanking region of megsin gene (⫺4021 bp to ⫹130
bp). Transfection efficiencies were normalized by co-transfection with
pRL CMV Renilla luciferase vector. Representative data from the
three experiments are shown. Each experiment was performed in
quadruplicate. Data are shown as the mean ⫾ SD of relative luciferase
activity. HMC, human mesangial cells; HDF, human dermal fibroblasts; HUVEC, human umbilical vein endothelial cells.

Another group (19) has recently identified in a malignant
A431 cell line a new serpin with megacaryocyte maturating
activity. The amino acid sequence of the protein is identical
with that of megsin. We thus transfected the firefly luciferase
gene into the A431 cell line as well as in other human cell lines
(FL, HeLa, Chang liver cells). Of interest, the firefly luciferase
activity was also statistically increased (A431 versus FL, P ⫽
0.001; A431 versus HeLa or Chang liver cells, P ⫽ 0.007) in
the A431 than in the others cells (Figure 4B). Altogether these
data shows that the megsin promoter region is mainly active in
cells expressing megsin.
To identify the regulatory element required for megsin expression, we generated various lengths of the megsin 5'-flanking region and subcloned them in a pGL3-basic vector. The
slow growth of human cultured mesangial cells and their low
yield in terms of the number of available cells led us to utilize
A431 cells. The results of these experiments were subsequently
confirmed in a limited number of human glomerular cell assays. As shown in Figure 5, the deletion from ⫺4021 bp to
⫺240 bp did not decrease the activity, whereas the deletion to
⫺72 bp decreased the activity to approximately 5% of the
initial promoter activity. The similar level of decrease in the
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Figure 5. Transcriptional activity of deletion mutants of megsin
promoter. A431 (A) or human mesangial cells (B) were transfected
with pGL3-Basic firefly luciferase vector containing various-length
5'-flanking region of megsin gene. Transfection efficiencies were
normalized by co-transfection with pRL CMV Renilla luciferase
vector. Representative data from the three experiments are shown.
Each experiment was performed in quadruplicate. Data are shown as
the mean ⫾ SD of relative luciferase activity.

promoter activity was observed in the deletion mutant, which
was deleted between ⫺139 bp and ⫺85 bp (Figure 6B).

Regulatory Element for Megsin Expression
The motif search with the ⫺139 to ⫺85 region of human
megsin revealed several potential transcription regulatory motifs, including AP-1 (Figure 6A), Oct-1, and TCF11 binding
motifs. To identify the regulatory element within this region
for transcriptional activation of megsin, we mutated the highly
conserved transcription factor binding motifs, AP-1 and Oct-1,
and assessed its promoter activity (see Materials and Methods).
When A431 cells were transfected with pGL-Basic vector
containing ⫺240 to ⫹130 region, both site-directed and deleted mutations for AP-1 led to the decrease in the transcriptional activation to approximately 50% of the initial promoter
activity (Figure 6B). In contrast, Oct-1 mutation did not change
the activity. These observations were confirmed in cultured
human mesangial cells (Figure 6C).
Specific DNA-protein complexes were identified by oligo-
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Figure 7. Transcriptional activity of an incomplete AP-1 binding
motif in megsin promoter. (A) Electrophoretic mobility shift assays
(EMSA) was performed with nuclear extracts from human mesangial
cells. Specific DNA-protein complexes (indicated by an arrow) were
identified by the incomplete AP-1 site oligonucleotide of megsin
promoter. The specific band was competed by unlabeled AP-1 consensus oligonucleotide and further shifted (indicated by an arrowhead)
by antibody to AP-1 binding transcriptional factor, c-Fos. (B) AP-1
activator, PDTC, upregulates the transcriptional activity of megsin
promoter. Human mesangial cells were transfected with megsin promoter (⫺240 bp to ⫹130 bp) containing an incomplete AP-1 site,
treated with various concentrations of PDTC for 24 h, and then
assessed for its promoter activity by luciferase assay.
Figure 6. Identification of the cis-acting element on megsin transcription. Comparison of the nucleotide sequences between the consensus
activator protein-1 (AP-1) binding motif and the ⫺120 to ⫺112
region of megsin gene (A). We mutated the incomplete AP-1 and
Oct-1 binding motifs in megsin gene and assessed its promoter activity in A431 cells (B) and human mesangial cells (C). pGL3-Basic,
luciferase vector alone; ⫺240bp-Basic, pGL3-Basic containing the
370-bp-long 5'-flanking region of megsin gene (⫺240 to ⫹130 bp);
⫺72bp-Basic, pGL3-Basic containing the 202-bp-long 5'-flanking
region of megsin gene (⫺72 to ⫹130 bp); ⫺139 to ⫺85 (Del)-Basic,
⫺240bp-Basic with the deletion from ⫺139 bp to ⫺85 bp; AP1(Mut)-Basic, -⫺40bp-Basic with the site-directed mutation of AP-1;
AP-1(Del)-Basic, ⫺240bp-Basic with the deleted mutation of AP-1;
Oct-1(Mut)-Basic, ⫺240bp-Basic with the site-directed mutation of
Oct-1.

nucleotide corresponding to the incomplete AP-1 site (Figure
7). A competitive inhibition assay relying on the massive
addition of unlabeled AP-1 consensus oligonucleotide blocked
the binding of the labeled probe. In EMSA using antibody to
AP-1 binding transcriptional factor, c-fos, the specific DNAprotein complexes further shifted, demonstrating the binding of
incomplete AP-1 site with AP-1 transcriptional factor.
Treatment with antioxidant PDTC, which dominantly activates AP-1, was performed to assess whether or not the AP-1
activator upregulates the activity of megsin promoter (⫺240 bp

to ⫹130 bp) containing the incomplete AP-1 site. Our luciferase assays showed that PDTC indeed upregulated the promoter activity in cultured human mesangial cells in a dosedependent manner (Figure 7B).

Discussion
In the present study, we report the structure, organization,
and sequence of the megsin gene. The megsin gene shows a
similarity with other human chromosome 18 serpins (18) regarding the number of exon/intron and the positioning of
exon-intron boundaries. The 18q21.3 locus has been previously
shown to contain the genes encoding other serpins such as
PAI-2, maspin, squamous cell carcinoma antigen 1 (SCCA1),
and SCCA2 (20). We speculated that the megsin gene is
located in the 18q21.3 locus because the megsin gene has a
genetic organization similar to that of the other sepin genes and
that the latter genes clusters in this region. The localization of
the human megsin gene on chromosome 18q21.3 was indeed
confirmed by our in situ hybridization experiments.
Megsin is expressed almost exclusively in mesangial cells.
Still, two novel serpins with an identical cDNA/protein have
also been identified either in malignant A431 cell lines (19) or
in dendritic cells present in the human thymus (21). Still,
megsin expression in two cell types tested in our laboratory is
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significantly lower than in mesangial cells (data not shown).
The presence of megsin in A431 may reflect cancerous derepression. A431 cells provide us with alternative tools to study
the regulatory mechanisms of megsin gene expression.
We further determined the sequence of the promoter region
and discovered a significant positive regulatory element. In the
5'-flanking region of megsin gene (⫺4021 bp to ⫹130 bp), we
demonstrated the existence of a cis-acting element that activates the transcription of megsin gene in both A431 and
mesangial cells. The use of the luciferase assay allowed us to
demonstrate that the reporter construct with the 5'-flanking
region of megsin gene is able to stimulate luciferase gene
expression in both cell types. Although the promoter activity of
megsin gene was stronger in A431 and mesangial cells, the
reporter construct with the 4151-bp-long 5'-flanking region
also induced a milder luciferase expression in other cell types.
This observation suggests that the cell type-specific transcription regulation is not located solely in this promoter region.
Sequence analysis revealed various potential transcription
factor binding sites, including an incomplete AP1 binding site
(22,23), a c-Myb binding site (24,25), an Oct-1 binding site
(26), and an NF-B binding motif (27,28) within the 5'-flanking region of megsin gene. A detailed analysis of the promoter
region revealed a cis-acting element within the ⫺240 to ⫺72
region, which is able to activate the transcription of megsin; the
element has highly conserved transcription factor binding motifs such as AP-1, Oct-1, and TCF11. Our site-directed and
deletion mutagenesis analyses and EMSA identified one positive regulatory motif, an incomplete AP-1 binding motif (CTGATTCAC) within ⫺120 to ⫺112 region. PDTC, a dominant
activator of AP-1, activates the megsin promoter (⫺240 bp to
⫹130 bp), suggesting that AP-1 is a good candidate as a
transcription factor of megsin among the molecules described
above. In spite of these results, the 5'-flanking region of megsin
gene tested in this study was not stimulated by the pathogenic
mediators, e.g., TGF-␤ and PDGF. This observation indicates
that the cell type-specific transcription of megsin is not regulated solely by this promoter region. Extensive investigation of
more upstream of megsin promoter region as well as introns
should be necessary for understanding of the inducible transcription regulation of megsin.
AP-1 is known to regulate the gene expression of various
cytokines, chemotactic proteins, adhesion molecules, matrix
proteins, and proteases involved in inflammation, immunologic responses, cell differentiation, and growth control. AP-1
DNA-binding activities in mesangial cells are regulated by the
microenvironment (29), and Hernandez-Presa et al. (30)
showed activated AP-1 in mesangial cells of immune complex
glomerulonephritis rats utilizing Southwestern histochemical
methods. Previous studies demonstrated that c-Jun/AP-1 activation is essential to the induction of matrix metalloproteinase-9 (MMP-9) by IL-1␤ or thrombin in cultured mesangial
cells (31–33). We reported that megsin is upregulated in mesangioproliferative diseases in both humans and rats (3,7–9)
and that overexpression of megsin induces progressive mesangial cell proliferation and expansion (10). These findings together with our results suggest that AP-1 may regulate matrix
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turnover by stimulating proteinases and protease inhibitors
such as megsin in parallel.
Interestingly, the megsin promoter region includes one YB-1
binding site at ⫺1588 bp to ⫺1599 bp (GGG ATT GGT TAA).
Mertens et al. (34) demonstrated that YB-1 is a major, cell
type-specific transactivator of MMP-2 gene expression in glomerular mesangial cells. Still, our studies with deletion mutants
of megsin promoter vectors have shown that the YB-1 binding
site is not important for megsin gene transcription. They suggest that the different cell type–specific transcriptional regulation between megsin and MMP-2 relies on a different mechanism. Combinations of tissue-restricted and widely expressed
factors sometimes mediate tissue-specific expression (35–38).
However, the relatively low cell type specificity of this promoter region makes the tissue-specific regulation of megsin by
these ubiquitous transcription factors unlikely. The cis-acting
element demonstrated in this study might act in coordination
with some tissue-specific enhancers and/or silencers in other
regions such as introns.
In conclusion, we provide a detailed analysis of the genomic
structure and the transcriptional regulation of a new human mesangium-predominant gene, megsin. The megsin gene is composed of eight exons and is localized to human chromosome
18q21.3, close to the other serpin genes. We have isolated the
promoter region of human megsin gene and identified a positive
cis-regulatory element. Our results demonstrate that the promoter
region of ⫺120 to ⫺112 containing an incomplete AP-1 binding
motif is important in the transcriptional activation of megsin. The
actual sequence of the cis-elements identified in the megsin promoter by this study is a first step toward the elucidation of the
molecular mechanism of mesangium-predominant gene regulation. Further studies such as cloning of a responsible transcriptional factor are required to completely understand the mesangium-predominant gene regulation of megsin.
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de Louvain, Belgium) and Dr. M. Kitamura (Jikei University, Japan)
for their helpful discussions. This study was supported by grants from
the Ministry of Education, Culture, Sports, Science and Technology of
Japan to RI and KK (13671129 and 13307032), from Research on
Human Genome and Tissue Engineering of the Japanese Ministry of
Health Labor and Welfare to TM (H12-genome-22), from the Tokyo
Biochemical Research Foundation to RI, from Sankyo Foundation of
Life Science to RI, and from Suzuken Memorial Foundation to RI.

References
1. Schlondorff D: Roles of the mesangium in glomerular function.
Kidney Int 49: 1583–1585, 1996
2. Sterzel RB, Uupprecht HD: Glomerular mesangial cells. In: Immunologic Renal Diseases, Edited by Neilson EG, Couser WG, Philadelphia, Lippincott-Raven Publishers, 1997, pp 595– 626
3. Miyata T, Nangaku M, Suzuki D, Inagi R, Uragami K, Sakai H,
Okubo K, Kurokawa K: A mesangium-predominant gene, megsin, is a new serpin up-regulated in IgA nephropathy J Clin Invest
102: 828 – 836, 1998
4. Takenaka M, Imai E, Kaneko T, Ito T, Moriyama T, Yamauchi
A, Hori M, Kawamoto S, Okubo K: Isolation of genes identified

J Am Soc Nephrol 13: 2715–2722, 2002

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

in mouse renal proximal tubule by comparing different gene
expression profiles. Kidney Int 53: 562–572, 1998
Takenaka M, Imai E, Nagasawa Y, Matsuoka Y, Moriyama T,
Kaneko T, Hori M, Kawamoto S, Okubo K: Gene expression
profiles of the collecting duct in the mouse renal inner medulla.
Kidney Int 57: 19 –24, 2000
Hunt LT, Dayhoff MO: A surprising new serpin superfamily
containing ovalbumin, antithrombin-III, and alpha1-proteinase
inhibitor. Biochem Biophys Res Commun 95: 864 – 871, 1980
Suzuki D, Miyata T, Nangaku M, Takano H, Saotome N, Inagi
R, Endoh M, Kurokawa K, Sakai H: Expression of megsin
mRNA, a novel mesangium-predominant gene, in the renal tissues of various glomerular diseases. J Am Soc Nephrol 10:
2606 –2613, 1999
Inagi R, Miyata T, Suzuki D, Toyoda M, Wada T, Ueda Y,
Izuhara Y, Sakai H, Nangaku M, Kurokawa K: Specific tissue
distribution of megsin, a novel serpin, in the glomerulus and its
up-regulation in IgA nephropathy. Biochem Biophys Res Commun 286: 1098 –1106, 2001
Nangaku M, Miyata T, Suzuki D, Umezono T, Hashimoto T,
Wada T, Yagi M, Nagano N, Inagi R, Kurokawa K: Cloning of
rodent megsin revealed its up-regulation in mesangioproliferative nephritis. Kidney Int 60: 641– 652, 2001
Miyata T, Inagi R, Nangaku M, Imasawa T, Sato M, Izuhara Y,
Suzuki D, Yoshino A, Onogi H, Mimura M, Sugiyama S, Kurokawa K: Overexpression of the serpin megsin induces progressive mesangial cell proliferation and expansion. J Clin Invest.
109: 585–593, 2002
Lolait SJ, O’Carroll AM, McBride OW, Konig M, Morel A,
Brownstein MJ: Cloning and characterization of a vasopressin
V2 receptor and possible link to nephrogenic diabetes insipidus.
Nature 357: 336 –339, 1992
Fushimi K, Uchida S, Hara Y, Hirata Y, Marumo F, Sasaki S:
Cloning and expression of apical membrane water channel of rat
kidney collecting tubules. Nature 361: 549 –552, 1993
Uchida S, Sasaki S, Furukawa T, Hiraoka M, Imai T, Hirata Y,
Marumo F: Molecular cloning of a chloride channel that is
regulated by dehydration and expressed predominantly in kidney
medulla. J Biol Chem 268: 3821–3824, 1993
Gamba G, Miyanoshita A, Lombardi M, Lytton J, Lee W-S,
Hediger MA, Hebert SC: Molecular cloning, primary structure,
and characterization of two members of the mammalian electroneutral sodium-(potassium)-chloride cotransporter family expressed in kidney. J Biol Chem 269: 17713–17722, 1994
Kanai Y, Lee WS, You G, Brown D, Hediger MA: The human
kidney low-affinity Na⫹/glucose cotransporter SGLT2. Delineation of the major renal reabsorptive mechanism for D-glucose.
J Clin Invest 93: 397– 404, 1994
Adachi S, Uchida S, Ito H, Hata M, Hiroe M, Marumo F, Sasaki
S: Two isoforms of a chloride channel predominantly expressed
in thick ascending limb of Henle’s loop and collecting ducts of
rat kidney. J Biol Chem 269: 17677–17683, 1994
Dignam JD, Lebovitz RM, Roeder RG: Accurate transcription
initiation by RNA polymerase II in a soluble extract from isolated mammalian nuclei. Nucleic Acids Res 11: 1475–1489, 1983
Ye RD, Ahern SM, LeBeau MM, Lebo RV, Sadler JE: Structure
of the gene from human plasminogen activator inhibitor-2. J Biol
Chem 264: 5495–5502, 1989
Tsujimoto M, Tsuruoka N, Ishida N, Kurihara T, Iwasa F,
Yamashiro K, Rogi T, Kodama S, Katsuragi N, Adachi M,
Katayama T, Nakao M, Yamaichi K, Hashino J, Haruyama M,
Miura K, Nakanishi T, Nakazato H, Teramura M, Mizoguchi H,

Transcriptional Regulation of Megsin

20.

21.

22.

23.

24.

25.

26.
27.
28.

29.

30.

31.

32.

33.

34.

35.

2721

Yamaguchi N: Purification, cDNA cloning, and characterization
of a new serpin with megakaryocyte maturation activity. J Biol
Chem 272: 15373–15380, 1997
Schneider SS, Schick C, Fish KE, Miller E, Pena JC, Treter SD,
Hui SM, Silverman GA: A serine proteinase inhibitor locus at
18q21.3 contains a tandem duplication of the human squamous
cell carcinoma antigen gene. Proc Natl Acad Sci 92: 3147–3151,
1995
Mueller CG, Ho S, Massacrier C, Lebecque S, Liu YJ: Polymerase chain reaction-based identification of a novel serpin from
human dendritic cells. Eur J Immunol 27: 3130 –3134, 1997
Lee W, Haslinger A, Karin M, Tjian R: Activation of transcription by two factors that bind promoter and enhancer sequences of
the human metallothionein gene and SV40. Nature 325: 368 –
372, 1987
Foletta VC, Segal DH, Cohen DR: Transcriptional regulation in
the immune system: all roads lead to AP-1. J Leuk Biol 63:
139 –152, 1998
Gewirtz AM, Anfossi G, Venturelli D, Valpreda S, Sims R,
Calabretta B: G1/S transition in normal human T-lymphocyte
requires the nuclear protein encoded by c-myb. Science 245:
180 –183, 1989
Mucenski ML, McLain K, Kier AB, Swerdlow SH, Schreiner
CM, Miller TA, Pietryga DW, Scott Jr. WJ, Potter SS: A functional c-myb gene is required for normal murine fetal hepatic
hematopoiesis. Cell 65: 677– 689, 1991
Rosenfeld MG: POU-domain transcription factors: Powerful developmental regulators. Genes Dev 5: 897–907, 1991
Guijarro C, Egido J: Transcription factor-kappa B (NF-B) and
renal disease. Kidney Int 59: 415– 424, 2001
Morrissey JJ, Klahr S: Transcription factor NF-B regulation of
renal fibrosis during ureteral obstruction. Semin Nephrol 18:
603– 611, 1998
Tamura M, Yanagihara N, Tanaka H, Osajima A, Hirano T,
Higashi K, Yamada KM, Nakashima Y, Hirano H: Activation of
DNA synthesis and AP-1 by profilin, an actin-binding protein,
via binding to a cell surface receptor in cultured rat mesangial
cells. J Am Soc Nephrol 11: 1620 –1630, 2000
Hernandez-Presa MA, Gomez-Guerrero C, Egido J: In situ
non-radioactive detection of nuclear factors in paraffin sections by Southwestern histochemistry. Kidney Int 55: 209 –
214, 1999
Yokoo T, Kitamura M: Dual regulation of IL-1 beta-mediated
matrix metalloproteinase-9 expression in mesangial cells by
NF-B and AP-1. Am J Physiol 270: F123–F130, 1996
Eberhardt W, Huwiler A, Beck KF, Walpen S, Pfeilschifter J:
Amplification of IL-1 beta-induced matrix metalloproteinase-9
expression by superoxide in rat glomerular mesangial cells is
mediated by increased activities of NF-B and activating protein-1 and involves activation of the mitogen-activated protein
kinase pathways. J Immunol 165: 5788 –5797, 2000
Liu WH, Chen XM, Fu B: Thrombin stimulates MMP-9 mRNA
expression through AP-1 pathway in human mesangial cells.
Acta Pharmacol Sin 21: 641– 645, 2000
Mertens PR, Harendza S, Pollock AS, Lovett DH: Glomerular
mesangial cells-specific transactivation of matrix metalloproteinase 2 transcription is mediated by YB-1. J Biol Chem 272:
22905–22912, 1997
Iannello RC, Mar JH, Ordahl CP: Characterization of a promoter
element required for transcription in myocardial cells. J Biol
Chem 266: 3309 –3316, 1991

2722

Journal of the American Society of Nephrology

36. Sartorelli V, Hong NA, Bishopric NH, Kedes L: Myocardial
activation of the human cardiac alpha-actin promoter by
helix-loop- helix proteins. Proc Natl Acad Sci 89: 4047– 4051,
1992
37. Shimizu N, Dizon E, Zak R: Both muscle-specific and ubiquitous
nuclear factors are required for muscle-specific expression of the

J Am Soc Nephrol 13: 2715–2722, 2002

myosin heavy-chain beta gene in cultured cells. Mol Cell Biol 12:
619 – 630, 1992
38. Amacher SL, Buskin JN, Hauschka SD: Multiple regulatory
elements contribute differentially to muscle creatine kinase enhancer activity in skeletal and cardiac muscle. Mol Cell Biol 13:
2753–2764, 1993

