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A bstract
B eta ig -h 3  (βig -h3 ) is  a  secre to ry  p ro te in  com -
po sed  o f fasc ic lin  I-like  repeats  con ta in in g  se -
qu en ces  tha t a llo w s b ind ing  o f in tegrins  and  
g lycosam in og lycan s in  v ivo . E xpress ion  o f βig - 
h3  is  respon sive  to  T G F-β an d  the  p ro te in  is  
found  to  be  assoc iated  w ith  extrace llu lar m atrix  
(E C M ) m o lecu les , im p lica tin g  βig -h3  as  an  E C M  
adhes ive  p ro te in  o f d eve lopm enta l p rocesses. 
W e p rev iou sly  observed  p red om inant expres-
sion of βig -h3 expression in  the basem ent m em -
brane  o f p rox im al tubu les  o f k id ney. In  th is  
s tu dy , the  p hysio log ica l re levance  o f su ch  lo -
calized expression of βig -h3  was exam ined in the  
renal proxim al tubular epithelial cells (RPTEC). 
R P T E C  constitu tive ly  exp ressed  βig -h 3  and  the  
exp ress ion  w as d ram atica lly  ind uced  b y  exo -
genous TG F-β1 treatm ent. βig -h3 and  its  second  
and  fou rth  F A S 1 dom ain  w ere  ab le  to  m ed iate  
R P TE C  adhesion , spread ing  and  m igration . Tw o  
know n α3β1 in tegrin -in teraction  m otifs  inc lud ing  

asparta tic  ac id  and  iso leuc ine  res id ues, N K D IL  
and  E P D IM  in  βig -h 3  w ere  resp ons ib le  to  m ed i-
a te  R P T E C  ad hesio n , sp read in g , an d  m igra tio n . 
B y us ing  spec ific  an tib od ies  aga ins t in tegrin s , 
w e  con firm ed  th at α3β1 in teg rin  m ed ia tes  the  
adh es ion  and  m ig ration  o f R P T E C s on  βig -h 3 . 
In  ad d ition , it a lso  en hanced  p ro life ration  o f 
R P TE C s th roug h  N K D IL  and  E P D IM . These re -
su lts  ind ica te  th at βig -h3  m ed ia tes  adh es ion , 
spreading, m igration and proliferation of R P TE C s 
th ro ugh  th e  in teraction  w ith  α3β1  in teg rin  and  
is  in tim ate ly  in vo lved  in  the  m ain tenance an d  
the  regenera tio n  o f ren al p rox im al tubu lar ep i-
the lium .

Keywords: adhesion; α3β1 integrin; βig-h3; migration; 
proliferation; renal proximal tubular epithelial cell

In troduction
Transforming growth factor-β (TGF-β) has potent 
effects on the proliferation and differentiation of a 
variety of cell types as well as on the synthesis of 
the extracellular matrix (ECM). TGF-β has been 
shown to play an important role in maintaining the 
renal histological structure as well as glomerular and 
tubular function (Sharma and Ziyadeh, 1994). βig-h3 
is a cell adhesive protein whose expression is highly 
induced by TGF-β in several cell types (Sharma & 
Ziyadeh, 1995). βig-h3 transcript was detected in a 
variety of human and mouse tissues including uterine 
tissue, heart, breast, prostate, skeletal muscle, testes, 
thyroid, kidney, liver, and stomach (Yamamoto et al., 
1993). An immunohistochemical study with bovine 
tissues showed that βig-h3 was detected in many 
tissues such as developing nuchal ligament, aorta, 
lung, cornea, spleen and kidney (Sharma et al., 
1997). βig-h3 has four internal repeat domains named 
FAS1, which have a homology with a Drosophila neu-
roadhesion molecule, fasciclin-1 (Wolf and Ziyadeh, 
1999). In previous reports we identified two cell 
adhesion motifs within the second and fourth FAS 1 
domains of βig-h3 mediating human corneal epithelial 
cell adhesion (Kim et al., 2000b) and human kerati-
nocyte adhesion, migration, spreading and prolifera-
tion (Bae et al., 2002) through interacting with α3β1 
integrin. In addition, we demonstrated that βig-h3 has 
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a fibrillar structure and interacts with several extra-
cellular matrix proteins such as fibronectin and col-
lagen (Kim et al., 2002). βig-h3 is also known to affect 
cell growth and differentiation (Skonier et al., 1994; 
Dieudonn et al., 1999; Kim et al., 2000a). As βig-h3 
has a function to mediate cell adhesion, migration, 
and proliferation and is highly induced by TGF-β, it 
may also play some potential roles in renal tissue 
injury and/or regeneration. There are several evide-
nces which suggest critical role of βig-h3 in phy-
siology and pathology of proximal tubular epithelium. 
An in situ hybridization study has revealed that βig-h3 
mRNA is expressed in proximal tubular epithelial cells 
(particularly in the S3 segment) and in the juxtaglo-
merular apparatus, and that these mRNA levels in the 
kidney are upregulated in diabetes mellitus induced 
by streptozotocin (Gilbert et al., 1998). Recently, we 
reported that βig-h3 protein was predominantly ex-
pressed in close association with the basement mem-
brane of the proximal tubule S3 segment in both 
normal and diabetic rat kidneys (Lee et al., 2003).
  Therefore the present study aims to elucidate the 
role of βig-h3 in proximal tubular epithelium and the 
effect of βig-h3 on adhesion, migration, and proli-
feration of renal proximal tubular epithelial cells 
(RPTECs) was investigated. 

M ateria ls and M ethods
C ell culture  
The human primary renal proximal tubular epithelial 
cells (RPTECs) were purchased from Clonetics (San 
Diego, CA) and were maintained in REGM medium 
(also from Clonetics). Only the cells of the 1st and 
2nd passages were used in experiments.

Electrophoresis and W estern b lotting  
Confluent quiescent cells were incubated with TGF-β1 
(R&D systems Europe Ltd, Abingdon, UK) or vehicle 
only. After incubation for 48 h, medium was collected 
and lyophilized. Ten mg of each sample mixed with 
2 µl of sample buffer (100 mM Tris pH 6.8, 200 mM 
dithiothreitol, 4% SDS, 0.2% bromophenol blue, 20% 
glycerol). The samples were boiled for 5 min and 
separated by 10% sodium dodecyl sulfate-polyacryla-
mide gel then samples were transferred onto nitro-
cellulose (Amersham Bioscience Korea). Blocking was 
performed in 5% nonfat dry milk in PBS for at least 
1 h at room temperature. The membrane was incu-
bated for 2 h at room temperature with anti-human 
βig-h3 antibodies (diluted 1:2,000 in PBS), then 
washed and incubated for 2 h at room temperature 
with the peroxidase-conjugated anti-rabbit IgG anti-
bodies (diluted 1:2,000 in PBS, Amersham Bioscience 

Korea). Protein bands were identified using the ECL 
Kit (Amersham Bioscience Korea). The protein con-
centration in the supernatant was measured by the 
Bradford method using the Bio-Rad Protein Assay Kit 
(Bio-Rad, Hercules, CA) according to the manufac-
turer's protocol. 

Enzym e-linked im m unosorbent assay m easuring
βig -h3 levels  
96-well plastic flat microtiter plates (Corning, Corning, 
NY) were coated overnight at 4oC with 0.5 g/ml 
wild-type βig-h3 protein in 20 mM carbonate-bi-
carbonate buffer (pH 9.6) with 0.02% sodium azide. 
The plates were rinsed three times in PBS-0.05% 
Tween-20 (PBS-T) and kept at 4oC. Lyophilized 
culture media were pre-incubated with anti-human 
βig-h3 antibody (diluted 1:2,000 in PBS-T) in 96-well 
plastic round microtiter plates for 90 min at 37oC, 
transferred to the pre-coated plate and incubated for 
30 min at room temperature. The plates were rinsed 
three times in PBS-T and incubated for 90 min at 
room temperature with peroxidase-conjugated anti- 
rabbit IgG antibody (diluted 1:2,000 in PBS-T, Amer-
sham Bioscience Korea). The plates were rinsed three 
times in PBS-T and incubated for 60 min at room 
temperature in the dark with 200 µl of the substrate 
solution (100 mg/ml o-phenylenediamine and 0.003% 
H2O2). After stopping the reaction with 50 µl/well 8 N 
H2SO4, the absorbance was read at 490 nm using a 
Bio-Rad Model 550 microplate reader. The results 
shown are derived from 3 separate experiments with 
duplicates performed in each experiment.

C ell adhesion and spreading assay
Briefly, 96-well microculture plates (Falcon, Becton- 
Dickinson Labware Europe, France) were coated with 
proteins or peptides, diluted in PBS at 4oC overnight. 
Then, the plates were rinsed three times in PBS and 
uncoated surfaces were blocked with PBS containing 
2% heat-inactivated BSA for 1 h at 37oC. The plates 
were rinsed again, and 2×104 RPTECs were added 
to each well in 100 µl of culture medium. For 
preparation of cells, RPTECs were treated with 0.25% 
trypsin-EDTA for 5 min at 37oC and further incubated 
for another 5 to 10 min after removal of excess 
trypsin-EDTA solution. After incubation for 1 h at 
37oC, unattached cells were removed by rinsing twice 
with PBS. For quantification of attached cells hexo-
saminidase assay was performed. Attached cells were 
incubated for 1 h at 37oC in 50 mM citrate buffer, 
pH 5.0, containing 3.75 mM p-nitrophenyl-N-acetyl- 
β-D-glucosaminide (hexosaminidase substrate) and 
0.25% Triton X-100. The reaction was stopped and 
color developed by the addition of 50 mM glycine 
buffer, pH 10.4, containing 5 mM EDTA. The ab-
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sorbance was measured at 405 nm in Bio-Rad Model 
550 microplate reader. To determine cell area, 2×104 
cells were applied to substates in 96-well culture 
plates. The attached cells were fixed with 8% gluta-
raldehyde (Sigma, St. Louis, MO) and then stained with 
0.25% Crystal Violet (Sigma) in 20% methanol (w/v). 
Cell area was measured using Image-Pro plus soft-
ware (Media Cybernetics, Silver Spring, MD). Exper-
iments were repeated twice in triplicate. Data are re-
ported as the mean area at specific time points ± SD. 

M igration  assay  
The cell migration assay was performed using 
transwell plates (8 µm pore size, Costar, Cambridge, 
MA). The under surface of the membrane was coated 
at 4oC overnight with 10 mg/ml BSA, fibronectin (FN) 
or βig-h3 protein diluted in PBS and then blocked with 
2% BSA. The upper compartment was seeded with 
3×105 RPTECs per well in 200 µl medium. In some 
experiments, cells were preincubated with anti-α3 
monoclonal antibody (P1B5) and anti-β1 monoclonal 
antibody (6S6) from Chemicon (Temecula, CA) at 1 
mg/ml for 30 min. After 6 h of migration, cells in the 
upper chamber of the filter were removed and non-
migrating cells on the top of the filters were removed 
with a cotton swab. RPTECs on the lower side of the 
filter were fixed with 8% glutaraldehyde (Sigma) and 
stained with 0.25% crystal violet (Sigma) in 20% 
methanol (w/v). Each experiment used duplicate wells, 
and within each well counting was done in nine-ran-
domly selected microscopic high power fields (×200).

Inh ib ition assay  
To identify the receptor of RPTEC for βig-h3, mono-
clonal antibodies to different types of integrins (Che-
micon) were preincubated individually with RPTECs in 
0.05 ml of incubation solution (2×105 cells/ml) at 
37oC for 30 min. The preincubated cells were trans-
ferred onto plates precoated with βig-h3 proteins and 
then incubated further for 1 h at 37oC. Attached cells 
were then quantified as descried above. 

A ntibodies  
The anti-human βig-h3 antibody used has been 
characterized previously (Lee et al., 2000). To make 
an anti-human βig-h3 antibody, recombinant human 
βig-h3 protein was prepared. Rabbits received a 
subcutaneous injection of the protein (200 µg) in 
Complete Freund's Adjuvant (Sigma) followed by four 
immunizations spaced by 3 weeks with 200 µg protein 
in Incomplete Freund's Adjuvant (Sigma). Antibody 
titers were monitored by immunoblot analysis using 
the recombinant βig-h3 protein. The antiserum was 
further purified by Protein A affinity chromatography 

(Amersham Biosciences, Uppsala, Sweden) according 
to the manufacturer's protocol. The specificity of the 
anti-human βig-h3 antibody was tested by Western 
blotting (data not shown). Anti-human integrin mono-
clonal antibodies utilized for function-blocking assay 
were α1 (FB12), α2 (P1E6), α3 (P1B5), α4 (P1H4), 
α5 (P1D6), α6 (GoH3), αv (P3G8), β1 (6S6), β2 
(P4H9), αvβ3 (LM609) and αvβ5 (P1F6) from Chemi-
con.

Proliferation  assay  
Twenty four-well culture plates were coated with 
proteins or peptides, diluted in PBS at 4oC overnight. 
Then, the plates were rinsed three times in PBS and 
uncoated surfaces were blocked with PBS containing 
2% heat-inactivated BSA for 1 h at 37oC. The plates 
were rinsed again, and 5×104 cells, prepared by 
0.25% trypsin-EDTA treatment, were added to each 
well in 1 ml of culture medium. Although the initial 
cell adhesion efficiency was different depending on 
the substrates, most of cells became adherent within 
a few hours, thus giving the same cell numbers. 
Then, cells were subjected to serum starvation for 24 
h, which should have brought most of the cells into 
the G0 phase of the cell cycle. After incubating for 
24 h, cell proliferation was assessed by counting cells 
after trypsinization using a hematocytometer at inter-
vals of 24 h. Cell numbers at 0 h indicates numbers 
at 24 h after initial cell seeding. There was no dif-
ference in the initial cell numbers at 0 h point among 
different conditions.

Statistical analysis
The difference between two mean values was 
analyzed by ANOVA t-test and was considered to be 
statistically significant when P ＜ 0.05.

R esu lts
TG F-β induces βig -h3 expression in  R PTEC s
Culture fluid of primary human renal proximal tubular 
epithelial cells (RPTECs) were analyzed for the βig-h3 
protein revealed by Western blotting and by ELISA. 
The 68 kDa βig-h3 protein was constitutively ex-
pressed in RPTECs and markedly increased upon 
treatment with TGF-β1 in a dose-dependent manner 
(Figure 1A and 1B).

βig -h3 m ediates adhesion and spreading through  
tw o conserved α3β1 integrin-interacting  m otifs in  
R PTEC  
βig-h3 (wt) was found to be just as effective as 
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fibronectin in providing RPTEC adhesion and spread-
ing. It was previously demonstrated that each of the 
second (D-II) and fourth (D-IV) but not the first (D-I) 
and third (D-III) FAS1 domains has a α3β1 integrin 
interacting motif to mediate human corneal epithelial 
cell adhesion (Kim et al., 2000b). As expected, the 
same motifs mediated RPTEC adhesion. The second 
and fourth domains were able to support adhesion 
and spreading of RPTECs (Figure 2).
  Like for corneal epithelial cells, two well conserved 
amino acids, aspartic acid and isoleucine of each of 
the second and fourth domains were essential for 
mediating RPTEC adhesion and spreading (Figure 3). 
Peptides containing the two amino acids, NKDIL and 
EPDIM were sufficient for supporting RPTEC adhe-
sion and spreading (Figure 4). A well-known cell 
adhesion peptide, GRGDSP was less effective than 
NKDIL and EPIDIM in mediating RPTEC adhesion 
and spreading (Figure 4). 
  In next experiments, RPTEC adhesion mediated by 
synthetic peptides, NKDIL and EPDIM were drama-
tically blocked by function-blocking monoclonal anti-
bodies to α3 and β1 integrin subunits (Figure 5). 
These results suggest that βig-h3 enhances RPTEC 
adhesion through two α3β1 integrin-interacting motifs.

βig -h3 enhances R PTEC  m igration  through
N K D IL  and EPD IM  m otifs in teracting w ith  
α3β1 integrin
To test whether βig-h3 could mediate RPTEC mi-
gration, we employed transwell plates for migration 
assay. Cells were seeded onto transwells coated with 
either wild-type βig-h3 or BSA. As is shown in Figure 
6A, RPTECs migrated through the filter coated with 
βig-h3 (wt), D-II, and D-IV at 6 h after seeding

Figure  1 . Induction of β ig-h3 expression by TGF-β1 in RPTECs. Cells
were incubated with or without 1 ng/ml of TGF-β1 for 48 h. β ig-h3
protein levels of cell supernatant were estimated by W estern blotting
(A) and ELISA (B). Data are presented as mean ± SD of at least 
three determinations. *P ＜ 0.05 compared with 0 ng/ml.

F ig ure  2 . β ig-h3 mediates adhesion and spreading of RPTECs. Cells
were seeded onto surfaces coated with 2% BSA or each protein (10
µg/m l). After seeding and incubation, cells attached to the surfaces
were quantified by hexosaminidase assay (A). After incubation, cells
were rinsed with PBS, fixed in 8% glutaraldehyde, and stained with 
crystal violet. Cell areas were determined using Image Pro plus 
software (B). Data are presented as mean ± SD of triplicate 
determ ination from at least three experiments. *P ＜ 0.05, **P ＜
0.01, ***P ＜ 0.001 compared with BSA. The abbreviations represent
as follows: BSA, bovine serum albumin; pFN, plasma fibronectin; wt,
wild type β ig-h3; D-I, first fas-1 domain; D-II, second fas-1 domain;
D-III, third fas-1 domain; D-IV, fourth fas-1 domain. 

A

B

TGF-β1 (ng/ml)

TGF-β1 (ng/ml)

A

B

kDa
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F ig u re  5 . Anti-integrin function-blocking antibodies α3 and 
β1 block the adhesion of RPTECs on β ig-h3. Before 
seeding cells were preincubated with each antibody and 
cells attached to the surfaces were quantified by 
hexosaminidase assay. Data are presented as mean ± SD
of triplicate determination from at least three experiments.
***P ＜ 0.001 compared with none.

F ig u re  4 . Two conserved α 3β 1 integrin-interacting motifs mediate 
RPTEC adhesion and spreading. One hundred µM of each peptide
was used for the coating surface. After seeding and incubation, cells
attached to the surfaces were quantified by hexosaminidase assay (A).
After incubation, cells were rinsed with PBS, fixed in 8%  glutaral-
dehyde, and stained with crystal violet. Cell areas were determined
using Image Pro plus software (B). Data are presented as mean ±
SD of triplicate determ ination from at least three experiments. *P ＜
0.05, **P ＜ 0.01 compared with RGD.

B

F ig ure  3 . Aspartic acid and isoleucine in fourth domain of β ig-h3 are
responsible for RPTEC adhesion and spreading. Ten µg/ml of each
protein was used for coating surface. After seeding and incubation, 
cells attached to the surfaces were quantified by hexosaminidase
assay (A). After incubation, cells were rinsed with PBS, fixed in 8% 
glutaraldehyde, and stained with crystal violet. Cell areas were 
determ ined using Image Pro plus software (B). Data are presented
as mean ± SD of triplicate determ ination from at least three 
experiments. ***P ＜ 0.001 compared with PDI. The abbreviations
used are same to the above.

A

B

A
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F ig u re  6 . β ig-h3 enhances 
RPTEC migration through NKDIL
and EPDIM motifs interacting 
with α3β1 integrin. Migration
of RPTECs on each β ig-h3 
protein (10 µg/ml) or synthet-
ic peptide (100 µM) was as-
sayed using a transwell. In 
some experiments cells were
preincubated with each anti-
body before seeding (B). Cell
m igration was quantified by 
counting m igrated cells in 
nine microscopic fields. The 
results were calculated from 
three separate experiments 
with duplicate performance in
each experiment. Data are 
presented as mean ± SD. 
***P ＜ 0.001 compared with 
BSA (A) or with IgG (B). The
abbreviations used are same
to the above.

A

B
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whereas very little migration was observed on the 
filter coated with BSA. Synthetic peptides, NKDIL and 
EPDIM were also effective as much as βig-h3 
proteins. Function- blocking monoclonal antibodies 
against α3 and β1 integrin subunits were able to 
block RPTEC migration mediated by EPDIM almost 
completely. DEMPI, the scrambled control peptide of 
EPDIM could neither affect RPTEC migration nor 
showed changes in their effect upon treatment with 
antibodies (Figure 6B). 

βig -h3 enhances R PTEC  grow th  through N K D IL  
and EPD IM  m otifs  
In order to determine that βig-h3 is also supportive 
for RPTEC growth, RPTECs were seeded on each 
protein or peptides as is shown in Figure 7 and their 
growth was measured. Synchronized RPTECs by 
serum starvation were plated on the surface coated 
with each of proteins and peptides. There were sig-
nificant differences in the growth rate according to 

proteins and peptides. As shown in Figure 7A and 
B, RPTECs plated on wild-type βig-h3 (wt), the 
second FAS1 domain (D-II) and the fourth FAS1 
domain (D-IV) showed marked increase in cell num-
ber compared to bovine serum albumin, D-I, and D-III. 
In addition, as is shown in Figure 7B, two peptides, 
NKDIL and EPDIM were sufficiently supportive for cell 
growth whereas DEMPI and KADHH were not. Again, 
the GRGDSP peptide was not as effective as NKDIL 
and EPDIM. 

D iscussion
βig-h3 was first identified as a gene induced in A549 
cells after treatment with TGF-β (Skonier et al., 1992) 
and was subsequently reported to be induced by 
TGF-β in several cell types (Sharma and Ziyadeh, 
1995). It has been reported to be present in several 
tissues (LeBaron et al., 1995; O'Brien et al., 1995; 
Gibson et al., 1997; Rawe et al., 1997; Gilbert et al., 

F ig u re  7 . β ig-h3 enhances RPTEC proliferation through NKDIL and EPDIM motifs. Ten µg/m l of each protein (A) or 100 µM of each synthetic
peptide (B) was used for coating. Synchronized cells by serum starvation were seeded in coated culture plates. After incubation for indicated 
time the cell number was measured. The results were calculated from three separate experiments with duplicate performance in each experiment.
Data are presented as mean ± SD. ***P ＜ 0.001 compared with BSA (A) or RGD (B). The abbreviations used are same to the above.
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1998). Although biological roles of βig-h3 are largely 
unknown, it has been suggested that it may act as 
a cell adhesion substrate, regulate cell growth, in-
terconnect other matrix components, and transduce 
TGF-β-mediated signaling (Skonier et al., 1992; 
Lebaron et al., 1995; Gibson et al, 1997; Kim et al., 
2000). 
 The data presented here shows that βig-h3 is 
produced by RPTECs, and its expression is induced 
by TGF-β treatment. The previous report demonstrate 
that βig-h3 protein was predominantly expressed in 
close association with the basement membrane of the 
proximal tubule S3 segment in both normal and dia-
betic rat kidneys. Western blot analysis also showed 
that βig-h3 is detected only in the kidney cortex and 
the outer stripe of the outer medulla but not in the 
inner stripe of the outer medulla or the inner medulla 
(Lee et al., 2003). Those observations are consistent 
with the other report showing that βig-h3 mRNA is 
mainly localized to the pars recta (S3 segment) of the 
proximal tubules of the rat kidney (Gilbert et al., 
1998). Despite the physiologic meaning why βig-h3 
expression is restricted to the proximal tubule is not 
clear so far, the fact that βig-h3 expression is closely 
associated with the basement membrane suggests 
that βig-h3 may mediate tubular epithelial cell 
adhesion and migration in both physiological and 
pathological conditions.
  Since βig-h3 have been reported to mediate cell 
adhesion in several cell types including skin fibro-
blasts (LeBaron et al., 1995), corneal epithelial cells 
(Rawe et al., 1997; Kim et al., 2000b), chondrocytes 
(Ohno et al., 1999), and keratinocytes (Bae et al., 
2002), it is reasonable to test the ability of βig-h3 to 
mediate RPTEC adhesion. The result shows that 
βig-h3 supported RPTEC adhesion and spreading. 
Previously we (Kim et al., 2000b) have identified that 
βig-h3 has two α3β1 integrin-interacting motifs, NKDIL 
and EPDIM. There are reports showing that α3β1 
integrin is important for kidney development (Kreid-
berg, 2000; Kreidberg and Symons, 2000) and tu-
bulogenesis (Jiang et al., 2001). Based on these 
evidences RPTECs might adhere to βig-h3 through 
the α3β1-integrin interacting motifs. The present study 
revealed that the second and fourth domains out of 
four FAS1 domains were active in mediating RPTEC 
adhesion, and aspartic acid and isoleucine were 
responding amino acids within the domains as pre-
viously identified. Two synthetic peptides, NKDIL and 
EPDIM were sufficient to support RPTEC adhesion. 
The result also demonstrated that βig-h3-mediated 
adhesion was blocked by function-blocking antibodies 
against α3 and β1 integrin subunits. These data 
suggest that βig-h3 serves as a substrate for RPTECs 
through interacting with α3β1 integrins. 
  As the tubular epithelium regenerated, cells would 

flatten, spread, and migrate over denuded areas of 
the basement membrane (Zuk et al., 1998). Kerati-
nocyte migration is an essential process during early 
wound healing and has been shown to be dra-
matically influenced by extracellular matrix compo-
nents (Takashima and Grinnel, 1984; Sugita et al., 
1987; Guo et al., 1990; Zang and Kramer, 1996; 
Putnins et al., 1999). Kidney injury is repaired by 
inflammatory and non-inflammatory mechanisms, with 
the extent of recovery based on severity of the insult. 
Certain forms of recovery after acute tubular necrosis 
involve extensive remodeling of the proximal tubule, 
where integrity of the basement membrane is required 
for successful repair (Mene et al., 2003). Because 
βig-h3 was expressed predominantly in basement 
membrane of proximal tubules, βig-h3 might function 
to stimulate RPTEC migration during tubular regen-
eration. The present results showed that βig-h3 and 
its second and fourth domains markedly enhanced 
RPTEC migration. Like the results of adhesion assays 
RPTEC migration was also enhanced on NKDIL and 
EPDIM through the interation with α3β1 integrin by 
using the function-blocking antibodies against α3 and 
β1 integrins.
  In addition to the roles of βig-h3 in adhesion, 
spreading and migration, βig-h3 may stimulate proli-
feration of RPTECs. The results demonstrate that 
βig-h3 was able to stimulate cell proliferation through 
its two α3β1 integrin-interacting motifs. Other well- 
known cell adhesion substrates such as laminins also 
have been shown to stimulate cell proliferation 
(Panayotou et al., 1989; Mortarini et al., 1995; 
Gonzales et al., 1999).
  In conclusion, the present study demonstrated that 
βig-h3 mediates adhesion, spreading, migration and
proliferation of RPTECs through the interaction with 
α3β1 integrin. This suggests that βig-h3 may play an 
important role in maintenance and regeneration of 
proximal tubular epithelium.
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