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Fibronectin Peptides Derived from Two Distinct Regions Stimulate Adipocyte
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ABSTRACT. Here, we show that fibronectin (FN) peptides derived from two distinct regions promote the
insulin-induced adipocyte differentiation of ST-13 cells by preventing FN fibrillogenesis. ST-13 cells
formed numerous FN fibrils under nonadipogenic conditions, whereas this FN fibrillogenesis was suppressed
by adipose induction with insulin. The insulin-induced adipocyte differentiation was promoted by an
amino-terminal 24-kDa fragment of FN, accompanied by further suppression of FN fibrillogenesis. The
24 K fragment prevented FN matrix assembly by direct incorporation into the FN matrix. Like the 24 K
fragment, a peptide from the 14th type Ill repeat, termed FNIII14, which suppressed the intggtin
mediated adhesion of ST-13 cells to FN, accelerated the adipocyte differentiation by preventing FN
fibrillogenesis without direct incorporation into the FN matrix. FNIII14 induced the conformation change
of 1 integrins of K562 cells from active to resting, as judged by FACS analysis using a monoclonal
antibody AG89 directed to an actiyd. integrin-dependent epitope. Binding of?-labeled FN fragment
containing the RGD cell adhesive site to ST-13 cell surface was dissociated by FNIII14, with a concomitant
binding of FNIII14 itself to the cell surface. The affinity labeling of ST-13 cells using biotinylated FNIII14
showed that FNIII14 specifically bound to a nonintegrin membrane protein Mitbf around 50 kDa.

Thus, the results indicated that prevention of FN fibrillogenesis by the 24 K Fib 1 fragment and FNIII14
caused the promotion of adipocyte differentiation of ST-13 cells and that the former was due to the direct
incorporation into the FN matrix and that the latter might be interpreted by negative regulation of FN
receptora5s1 activity.

Cell adhesion to the extracellular matrix (ECM$ a ECM proteins, is a large, dimeric glycoprotein that is found
crucial event in multicellular organisms for the regulation in plasma and most body fluids and is an insoluble constitu-
of fundamental cellular processes such as growth, differentia-ent of loose connective tissue and basement membranes. A
tion, survival/apoptosis, and gene expressibn3). ECM wide variety of cell types can synthesize FN and assemble
proteins, such as fibronectin (FN), collagen, and laminin, it into detergent-insoluble disulfide cross-linked fibrils in
form characteristic protein networks that show tissue specific vitro, which closely resemble the FN matrix fibrils found in
variation in composition and architecture. Therefore, ECM vivo (4—8). It is increasingly apparent that the FN matrix
provides positional and environmental information that is has profound effects on cell functions. Indeed, a number of
essential for tissue function. FN, one of the key elements of studies have demonstrated the involvement of EN fibrillo-

: — — genesis in cell growth9—12), migration (L3, 14), and even
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Fib 1 fragment, a 24-kDa fragment derived from the amino-terminal (20). They demonstrated that FN coated on the culture dish
fibrin-binding domain of fibronectin; 110 K FN fragment, a 110-kDa inhibited differentiation, being accompanied by the preven-

fragment derived from the central cell-binding domain of fibronectin; i i _
GRGDSP, Gly-Arg-Gly-Asp-Ser-Pro: GRGESP, Gly-Arg-Gly-Glu-Ser- tion of cytoskeletal and morphological changes. Using ST

Pro; EIA, enzyme immunoassay; EDC, 1-ethyl-3-(3-dimethylamino- 13 Preadipocytes, we also showed, previously, the inhibition
propyl)carbodiimide; ECL, enhanced chemiluminescence. of adipocyte differentiation by FN26, 26). In our study,
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the inhibitory effect of FN was more evident on FN added  Ewvaluation of Adipocyte DifferentiatiorST-13 cell dif-

as a soluble supplement than on FN coated as an immobilizederentiation was evaluated either by counting the number of
substrate. It has been believed that the active form of FN is adipocytes or by quantifying glycerophosphate dehydrogen-
a fibrillar matrix form. It might be possible that exogenously ase (GPD) activity of ST-13 cells, as described previously
added FN was incorporated into FN matrix fibrils surround- (25, 26).

ing ST-13 cells and then inhibited adipocyte differentiation oy antitation of FN Fibrils Formed by ST-13 Preadipose

by preventing th(_a cytoske]etal ar_1d .morphologlcal changes gpq Adipose CellsOn days 1, 3, 6, and 9, ST-13 cells

necessary for adipocyte differentiation. _ cultured as described previously were washed 5 times with
In contrast to the inhibitory effect of FN on adipocyte  {he p/H medium and then lysed to extract the deoxycholate-

differentiation, our previous study also showed that a 24- g yple (pool 1) and insoluble (pool II) fractions, as estab-
kDa FN fragment derived from the amino-terminal fibrin-  |isheq previously 27). FN in pool | and pool Il were

pinding (Fib 1) domain promoted insulin-induce_:d differ_en- quantified by EIA @9).
tiation (25, 26). On the analogy of this possible action
mechanism of FN, the differentiation stimulatory effect of
the 24 K Fib 1 fragment may also be interpreted by FN
matrix assembly, because it is now established that FN
fragments containing the Fib 1 domain inhibit FN matrix
assembly 27—31). It might be possible that our 24 K Fib 1

FN Matrix Assembly AssaysT-13 cells in the growth
medium were plated in 24-well plates at confluent and
cultured with biotinylated FN (5@g/mL) in the presence
or absence of the sample to be tested. After a 2-day culture,
cells were washed 5 times with the D/H medium and lyzed

fragment prevented FN matrix assembly of ST-13 cells and, to obtain pool | and pool Il, as described_ prev_iously. FN in
consequently, facilitated the morphological change of ST- PO0IS I and Il were quantified by EIA using either avidine
13 preadipocytes to spherical. In the present study, we showonugated peroxidase (POD) or anti-FN pAb, as described
that the opposing effects of FN and the 24 K Fib 1 fragment previously.

on the adipocyte differentiation of ST-13 cells can be Immunofluorescence Microscop§T-13 cell suspension
attributed to the antipodal activities of these factors on the with the growth medium was seeded onto glass coverslips
FN fibrillogensis of ST-13 cells. On the other hand, we and cultured under adipogenic and nonadipogenic conditions,
previously found that FN has a functional site opposing to as described previously. FN fibrils were detected with a
cell adhesion to FN32, 33); a peptide derived from the 14th  FITC-labeled anti-FN pAb and visualized using an Olympus
type Il repeat (llk4) (1835-1855 of FN, termed FNIII14)  fluorescence microscope.

acts inhibitory on the integrin-mediated signaling in @  Cell Adhesion Assagell adhesion assays of ST-13 cells
reversible manneB@—36). In addition to the Fib 1 domain,  and K562 cells were performed as described previo®dy (
we also show that FNIII14 is involved in the positive 34) For ST-13 cells, adhesion was evaluated by the number
regulation of adipocyte differentiation of ST-13 cells by of cells spread and the total number of cells adhered.
preventing FN fibrillogenesis. Both the 24 K Fib 1 fragment Effect of FNIII14 on the Binding of the 110 K FN

and peptide FNIII14 can prevent FN fibrillogenesis, whereas Fragment to ST-13 CellST-13 cell suspension (7.5 10°
their action mechanisms on FN matrix assembly are shown cells/100uL) in the D/H medium was incubated withdl-

to be entirely different. labeled 110 K FN fragment (40g/mL) in the presence or
EXPERIMENTAL PROCEDURES absence of increased concentrations of FNIII14 at room
. . temperature for 30 min. Each cell suspension was layered
Matenal;Human plasma FN, a 24-kDa fragment der.'V.Gd on 10 mL of 20% Percoll containing a 0.1 M sucrose solution
from the Fib 1 domain, and a 110-kDa fragment containing and then centrifuged at 15§@r 30 min. Each supernatant

the central cell-binding domain were isolated, as described (9.8 mL) was : : o
. . gently aspirated, and the radioactivity of the
earlier @5, 37). FNIII14 (TEATITGLEPGTEYTIYVIALC), remain was counted. Another series of the experiments was

its control inactive peptide FNIlI14scr (TEATITGLEPGTE- carried out using the 110 K EN fragment aid-labeled
LIVYATYIC) (34, 35, and CS-1 peptide (CLHPGEILD- (174 undor the same conditons

VPST) were obtained from Sawady Technology (Tokyo, ) i i
Japan) 84, 35). Anti-murine A1 integrin (9EG7), which Flow Cyt_ometrlc Anal_yS|sHun_1an erythroleukemia K562
induces the activation of cell adhesion to F38{40), was cells were incubated with or without FNII114 (1Q@/mL)
purchased from BD-Pharmingen (San Diego, CA). An mAb N the presence or absence of 5 mM Mifor 30 min at 37
directed to an active conformation-dependent epitope of ‘C and then incubated with 19g/mL FITC-conjugated
humang1 integrin (AG89) was prepared as described earlier AG89 or FITC-conjugated normal mouse IgG for 30 min
(41, 42). Anti-integrin a581 polyclonal antibody (pAb) and ~ ©N ice. Fluorescence was measured using a flow cytometer
anti-«4 mAb were purchased from Chemicon Intenational (Cytoron, Ortho).
Inc. (Temecula, CA) and Seikagaku Corporation (Tokyo, Affinity Label.ST-13 cells were incubated with biotiny!-
Japan), respectively. ated FNIII14 in the presence or absence of 20-fold molar
Cell Culture. ST-13 cells were grown in DMEM/Ham  excess of unlabeled FNIII14 or FNIII14scr at 32 for 1 h.
F-12 (D/H) medium containing 10% calf serum (growth After unbound peptides were washed, peptides bound to cell
medium). For the induction of adipose conversion, cells were surface proteins were cross-linked with EDC (5 mM) (Pierce,
plated in 24- or 96-well culture plates with the growth Rockford, IL). Cell lysates with equal amount of proteins
medium (day 0) and were cultured with the D/H medium were separated on SB®AGE, transblotted to PVDF
containing 10% FBS and insulin (1@g/mL) (induction membrane, and incubated with POD-conjugated streptavidine
medium) on day 145). FN in the seru-containing medium followed by visualization with ECL (Amersham Biosciences
was depleted by passing through a gelatin affinity column. Inc., Piscataway, NJ).
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Ficure 1: FN incorporation into cell matrix during the adipocyte differentiation of ST-13 cells. ST-13 cells seeded on 96-well plates were
cultured with the growth medium (A), the induction medium (B), or the induction medium supplemented with Fhg{h@l0) (C) or the

24 K Fib 1 fragment (10Q:g/mL) (D). Alternatively, ST-13 cells, which were cultured with the growth medium for 5 days, were then
stimulated with the induction medium (E). On the indicated day, the number of adipocytes (open bars) and FN incorporation into pool |
(shaded bars) and Il (closed bars) were determined. GPD activity (hatched bars) as a differentiation marker was assayed on-gys 10 (A
or 14 (E). Data represent the means of three determinatio8®.

RESULTS insulin. When ST-13 cells were cultured with insulin in the
o ) ) ) presence of exogenously added FN, the FN content remained
FN Fibrillogenesis Regulates the Insulin-Induced Adipo- high; FN detected in the medium (data C) was much higher
cyte Differentiation of ST-13 CellBN fibrils were quantified than the value of data B plus exogenously added FN (10

in ST_-_13 cells cultured under adipogenic and r)onadi_poge_nicﬂglwe”). Taken together with the data that ST-13 cells
conditions. When ST-13 cells were cultured without insulin, '\ tured under nonadipogenic conditions, which already

the accumulation of FN in both pools | and Il increased daily 4ccumulated FN in pool I, could no longer differentiate, it
(Figure 1A). On day 10, most of the ST-13 cells remained a5 conceivable that exogenously added FN was incorpo-
fibroblastic and undifferentiated, whereas well-developed FN 4iaq into the FN matrix and caused the inhibition of
fibrils were observed by immunofluorescence microscopy aqipocyte differentiation. On the other hand, the reduced FN
(Figure 2A). In contrast, when ST-13 cell differentiation was  ¢ontent in the medium, which occurred on the culture with
induced by insulin, FN incorporation into pool Il was jnqyjin, was not further reduced by addition of the 24 K Fib
suppressed, although the pool | FN increased up to a levely agment (data D), although adipocyte differentiation was
similar to that under nonadipogenic conditions (Figure 1B). potently accelerated by this fragment (Figure 1D), indicating

In agreement with these data, ST-13 cells formed thin and 5t the 24 K Fib 1 fragment prevented FN matrix assembly
sparse FN fibrils without insulin (Figure 2B). On the other \\iihout affecting the FN content in the medium.
hand, exogenously added FN inhibited the adipocyte dif-

o . : L We then examined if ST-13 cells actually incorporate
ferentiation, and simultaneously, FN incorporation into pool _ _ . : .
Il was restored (Figure 1C) )\/Nhere STP13 cells forrF:1ed exogenously added FN into their matrix and if the 24 K Fib

numerous FN fibrils (Figure 2C). Conversely, FN incorpora- 1_fragment can prevent it. ST-13 cells were incubated Wit.h
tion into pool Il was a minimum in ST-13 cells cultured with biotinylated FN in the presence or absence of the 24 K Fib

insulin in the presence of the 24 K Fib 1 fragment (Figure * fragment, and FN accumulation in pools | and Il was

1D), where many ST-13 cells differentiated and formed only duantified by EIA using either avidine-POD (for the deter-
frail FN fibrils (Figure 2D). Also in this case, the pool | FN mination of exogenously added FN) or anti-FN pAb (for the

increased regardless of differentiation. When ST-13 cells détermination of exogenous FN plus endogenous FN) (Figure
were cultured once under nonadipogenic conditions for 5 3)- USing either EIA system, the accumulation of FN into

days, insulin could no longer induce adipocyte differentiation, P2°! I, not pool |, was observed and was inhibited by the
where FN was accumulated in pool Il (Figure 1E). 24 K Fib 1 fragment in a dose-dependent manner. In parallel

This reversed correlation between the adipocvte dif- W|th the prevention of.FN mcorporapon into pooI'II, the 24
ferentiation and FN fibrillogenesis may be furthefco?/related K Fib 1 fragment Wa‘?’ incorporated into pool Il (_F'Q‘”e 38)'_
to FN secretion by ST-13 cells. A high level of FN was  Taken altogether, it was suggested that FN fibrillogenesis
detected in the medium of ST-13 cells cultured under Was involved in the negative regulation of adipocyte dif-
nonadipogenic conditions (Table 1, data A). The FN content ferentiation of ST-13 cells and that the 24 K Fib 1 fragment
was dramatically reduced when ST-13 cell differentiation Promoted differentiation by preventing FN fibrillogenesis.
was induced by insulin (data B), in parallel with the Peptide FNIII14 Deried from the 14th Type Ill Repeat
suppressed FN fibrillogenesis in ST-13 cells cultured with Accelerates the Adipocyte Differentiation by Beating FN
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Ficure 2: Indirect immunofluorescence microscopy of FN fibrils formed surrounding ST-13 cells cultured under adipogenic and nonadipogenic
conditions. ST-13 cells were cultured with the growth medium (A), the induction medium (B), and the induction medium containing FN
(C) or the 24 K Fib 1 fragment (D).

Table 1: FN Content in the Culture Medium of ST-13 Cells under Adipogenic and Nonadipogenic CoAditions

FN content gg/well)

culture conditions day 1 (01) 2(2-4) 7(5-7) 10 (8-10)
(A) growth medium 54. 1 3.5 182.2+22.9 203.1+ 26.5 nt
(B) induction medium 8.2:3.4 26.7+ 4.6 29.7+9.1 ne
(C) ind+ FN (10ug/well) 33.7+5.1 109.9+ 20.3 nt 178.4+19.9
(D)ind+24KFib1 7.0+ 3.7 27.6+5.4 30.1+ 8.6 ne

a ST-13 cells were cultured in 96-well plates with the growth medium (A), the induction medium (B), and the induction medium containing FN
(100ug/mL) (C) or the 24 K Fib 1 fragment (1Q@y/mL) (D), respectively. While changing of each medium every 3 days, cells were cultured for
10 days. Each medium collected was examined for EIA using anti-FN pAb, as described in Experimental Procedures. Data represent the means of
three measurements SD. ® Not tested.

Matrix AssemblyThe aforesaid data indicated the importance An inactive control peptide, FNIlI14scr, had no effect on
of the cell-to-FN interaction in the adipocyte differentiation ST-13 cell adhesion to FN.

of ST-13 cells. We have previously found that an FN-derived  \we next examined the effect of FNIII14 on adipocyte
peptide FNIII14 has the ability to negatively regulate (differentiation. When ST-13 cell differentiation was induced
integrin-mediated adhesion and signaliBg-35). FNII14 by insulin in the presence of FNIII14, a marked dose-
may affect the adipocyte differentiation of ST-13 cells. We dependent acceleration of adipocyte differentiation was
first characterized ST-13 cell adhesion to an FN substrate.ghserved (Table 2). Like the 24 K Fib 1 fragment, this
As shown in Figure 4A, ST-13 cell adhesion to FN was acceleration of adipocyte differentiation by FNIII14 was
suppressed by incubation with an anti-integeif31 pAb accompanied by suppression of FN incorporation into pool
and GRGDSP peptide, but not with aot# mAb and CS-1 |, not pool | (Table 2). FNIllI14scr showed no significant
and GRGESP peptides, indicating that ST-13 cells adheredeffects on both the adipocyte differentiation and FN incor-
to FN mainly viaa531. In support of this, FACS analysis  poration into pool Il (Table 2). Furthermore, FNIII14 but
showed that ST-13 cells expressed a detectable lev@bof  not FNIll14scr inhibited matrix assembly of FN either
but noto4 (data not shown). Thia551-mediated adhesion  secreted by ST-13 cells or added exogenously (Figure 5).
of ST-13 cells to FN was suppressed by FNIII14 (Figure However, unlike the 24 K Fib 1 fragment, we failed to detect
4A), where ST-13 cells represented a rounded/sphericala clear incorporation of FNIII14 into pool Il; FNIII14 binding
morphology. The ST-13 cell, which became rounded, spreadto ST-13 cells was recovered in pool | (data not shown).
again following the removal of FNIII14 from the medium. FNIII14 might promote adipocyte differentiation by prevent-
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Ficure 3: Effects of the 24 K Fib 1 fragment on FN matrix
assembly of ST-13 cells. ST-13 cell monolayers were cultured in
24-well plates with the growth medium containing biotinylated FN
(50 ug/mL) in the presence of the indicated concentrations of the
24 K Fib 1 fragment for 2 days. FN in pools | (A,C) and Il (B,D)
were quantified using avidin-POD (A,B) or anti-FN pAb (C,D), as
described in Experimental Procedures. Incorporation of the 24 K
Fib 1 fragment into ST-13 cell matrix was examined using®
labeled 24 K Fib 1 fragment under the same conditions as in panel
B. Data represent the means of three determinatiorgD.
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Ficure 4: Effect of FNIII14 on ST-13 cell adhesion to FN
substrate. (A) ST-13 cells suspended with the D/H medium (panels
a and b) or the growth medium (panel ¢) were seeded on 96-well
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then performed FACS analysis using an mAb AG89 that
recognizes an active conformation-dependent epitop# of
integrin and a nonadherent cell type K562 that expresses the
FN receptora531 as its only31l integrin (Figure 6A).
Exposure of K562 cells to an integrin activator ¥n
increased the cell populations expressing the AG89 epitope,
accompanied by K562 cell adhesion to FN (Figure 6B). Both
the expression of the AG89 epitope and the K562 cell
adhesion to FN were blocked by FNIII14 but not by
FNIll14scr. FNII14 also suppressed K562 cell adhesion
induced by another integrin activator, phorbor myristate
acetate (data not shown), excluding the possibility that
FNIII14 served as a scavenger of RMnTo further clarify

the effect of FNIII14 on the FNx531 interaction actually
occurring on ST-13 cells, the binding of the 110 K FN
fragment containing the central cell-binding domain to ST-
13 cells, and the effect of FNIII14 on this binding, were
observed (Figure 7). Th&3-labeled 110 K FN fragment
bound to ST-13 cells, and this binding was abrogated with
GRGDSP. The binding of th&3-labeled 110 K fragment

on ST-13 cells was dissociated by the addition of increased
concentrations of FNIII14 but not FNIlI14scr. When this
experiment was performed usirgfl-labeled FNIII14, the
binding of'?3-labeled FNIII14 was detected. Th&-labeled
FNII114 bound to ST-13 cells was not released by GRGDSP
peptide but was recovered with 1% deoxycholate (i.e., pool

.

FNIII14 might change the8l integrin conformation by
direct binding. To confirm this, we affinity-labeled ST-13
cells with biotinylated FNIII14. However, no bands ab
and 1 integrin (116-150 kDa), but a major 55 kDa band
and a weak 38 kDa band, were detected (Figure 8, lane 1).
These bands disappeared when the affinity labeling was
carried out in the presence of an excess amount of unlabeled
FNIII14 (lane 2) but not of FNIII14scr (lane 4). The 55 and
38 K bands could not be detected with biotinylated FNIlI14scr
(lane 3). Anti1 integrin mAb 9EG7 did not react with the
55 and 38 K bands but detected a clear band at around 130
kDa (lane 5). Of these two specific bands, the 38 K minor
band was not necessarily detected at the same position but
sometimes at lower sizes in other cell types responsible to
FNIII14, suggesting that the 38 K band may result from

plates coated with FN in the presence of the indicated concentrationsProteolytic modification of the 55 K band. These results

of peptides gg/mL) or antibodies (2@g/mL). After a 66-80 min
incubation at 37C, the number of ST-13 cells adhered (attached

indicated that FNIII14 negatively regulated th#& integrin
function without direct interaction but possibly by binding

plus spread, open bars; spread, closed bars) was counted, agy 3 membrane protein withl, of around 50 kDa.

described previously 26, 34). (B) The adhesion assay was
performed in the D/H medium containing tfig¢ integrin-activating
mAb 9EG7 (30ug/mL) or the control IgG, as described above.
Data represent the means of three determinatior&D.

ing FN matrix assembly via a way distinct from that of the
24 K Fib 1 fragment.

FN matrix assembly is believed to be initiated by the
binding of FN to its receptor integrin. To examine the action
of FNIII14 to the FN receptorn551, ST-13 cells were
incubated with antl integrin mAb (9EG7) that induces
the 1 integrin-mediated adhesion of cells to FBB(40)
(Figure 4B). The 9EG7 at 3@g/mL caused the increase in

DISCUSSION

In the adipose precursor cell lines, such as 3T3-F442A,
3T3-L1, and ST-13, the lowered adhesion to ECM including
FN appears to be a prerequisite for their differentiatig
23). It was demonstrated that TGFinhibited 3T3-L1 cell
differentiation by stimulating the expression of FN and
collagen 43). Selvarajan et al. recently showed that the
plasminogen activation by kallikrein is necessary for the
induction of adipose development both in vitro and in vivo
(44). They proposed that the plasminogen cascade fosters
adipocyte differentiation by degradation of the FN-rich

the number of ST-13 cells spread on FN. FNIII14, but not preadipocyte stromal matrix. Thus, previous reports have
FNIll14scr, dose-dependently reversed the enhanced adheindicated the close correlation of FN, as a scaffolding for
sion of ST-13 cells in response to 9EG7. To define the cell anchoring, to adipogenesis. The active form of FN is
FNIII14 action to the FN receptan551 more clearly, we  thought to be its polymerized fibrillar form. Adipogenesis
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Table 2: Acceleration of the Adipocyte Differentiation of ST-13 Cells by FNIII14 Accompanied by the Suppression of FN Incorporation into
Pool 12

no. of adipocytes GPD activity FN in pool | FN in pool Il

culture conditions (5HPF) (umol/min~%10° cells) (ng/1C cells) (ng/1C cells)
induction medium 102 34 9.2+ 0.31 420+ 27 154+ 3.3
+FNIII14 (50 ug/mL) 504+ 97 27.9+0.86 386+ 30 3.0+ 0.7
+FNII14 (100xg/mL) 892+ 116 58.4+ 1.03 402+ 38 1.7+ 05
induction medium 86t 24 7.3+ 0.22 320+ 48 11+ 2.5
+FNII14 (100ug/mL) 709+ 93 60.3+ 2.16 299+ 30 0.9+ 0.6
+FNIl114scr (100ug/mL) 80+ 21 8.4+ 0.30 317+ 38 15+ 4.1

aST-13 cells were cultured, in 24-well culture plates, with the induction medium in the presence or absence of FNIII14 at the indicated
concentrations. Following a 10-day culture, adipocyte differentiation and FN fibril formation were assessed. Data represent the means of three
measurements: SD.
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Ficure 5: Prevention of FN incorporation into pool Il by FNIII14.

ST-13 cell monolayers were cultured in 24-well plates with the Peptide FNIIN4 (uginD

growth medium containing biotinylated FN (50g/mL) in the ) . . o

presence or absence of the indicated concentrations of FNIII14 FIGURE 7: FNIII14 induces to dissociate the binding of the 110 K
(circles) or FNIlI14scr (squares) for 2 days. Biotinylated FN and FN fragment to ST-13 cells. ST-13 cell suspension (7 5 cells/
total FN in pool Il were quantitated as in Figure 3. Data represent 100 L) in the D/H medium was mixed with &9-labeled 110

the means of three measuremetit$SD. kDa FN fragment (4Q«g/mL) in the presence of the indicated
concentrations of FNIII14 (open circles) or 38/mL GRGDSP
Events A B peptide (closed circle). After the incubation at room temperature

for 30 min, cell suspension was centrifuged in 10 mL of 20%
Percoll/0.1 M sucrose solution (15@0for 30 min). Radioactivity

of the remaining precipitates was counted. Another series of the
experiments were carried out usidgfl-labeled FNIII14 in the
absence (square) or presence (triangle) of GRGDSP peptide under
the same conditions.

500

400 -

300

200 = 500

No.of cells adhered

’;‘ i / tion of ST-13 cells was controlled depending on FN
WO e fibrillogenesis. Interestingly, ST-13 cells, which were cul-
M- - p::,ﬁd: YO i Nliser tured for 5 days under nonadipogenic conditions, could no
D rremre wami © 100100 longer differentiate, even after exposing to insulin for further
Ficure 6: Conformation change gf1 integrin of K562 cells 10 days. During the 5-day culture, ST-13 cells formed a

induced by FNIII14. (A) K562 cells (1) suspended with RP-  considerable amount of FN fibrils. It is likely that this FN
MI1640 medium were incubated with vehicle (open peak with fibrils blocked adipocyte differentiation. In this regard, FN

?fggegllmi)(.b'l\gz( éﬁefgl\g()e a(%fagA%eg'%nognmﬁ;,2'gfstr':é\“c'é}é as fibrillogenesis would be one of the earliest and crucial
u . VA&l Wi . - . .
performed using FITC-labeled amdt integrin mAb AG89, as determinants for adipocyte differentiation.

described under Experimental Procedures. (B) K562 cells were It has been well-established that FN fragments containing
seeded in a 96-well plate coated with FN4G/mL) in the presence |, _ inhibit FN fibrillogenesis 27—31). In the present study,

or absence of FNIII14 (closed bar) or FNIlIscr (shaded bar) with : . . .
or without Mr?+ (0.1 mM) (open bar). The number of K562 cells the 24 K Fib 1 fragment promoted the adipocyte differentia

adhered was counted, as described previougly 34). Data of tion of ST-13 cells, with a concomitant suppression of FN
K562 cell adhesion represent the means of three measurerhents incorporation into pool Il. Prevention of FN fibrillogenesis

SD. by the 24 K Fib 1 fragment would liberate ST-13 preadipose
cells from the suppression of adipocyte differentiation by
should be depend on FN expression and its incorporationthe FN matrix. In addition to the Fib 1 domain, several FN
into fibrillar marix surrounding preadipose cells. The present sites recognized by integring541 anda4g1 are involved
study showed that the insulin-induced adipocyte differentia- in FN matrix assembly28, 45—50). The FN-a561/0451

100

a
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Ficure 8: Affinity label of ST-13 cells using biotinylated FNIII14.
ST-13 cells were incubated with biotinylated FNIII14 in the absence
(lane 1) or presence of a 20-fold molar excess of unlabeled FNIII14
(lane 2) or unlabeled FNIll1l4scr (lane 4), as described in Experi-
mental Procedures. Affinity label of ST-13 cells was also carried
out using biotinylated FNIlI14scr (lane 3). Peptides bound to cell
surface proteins were cross-linked with EDC (5 mM). Cell lysates
with equal amount of proteins were separated on SBSGE,
transblotted to PVDF membrane, and incubated with POD-avidine,
followed by visualization with ECL. (Lane 5) ST-13 cell lysates
separated onto PVDF membrane were probed with/htitegrin
mAb 9EG?7, followed by POD-conjugated anti-mouse 1gG (cross-
reactive to rat IgG) and visualized with ECL.

interaction is necessary for triggering a series of sequential
FN—FN interactions and its polymerization. With regard to
o5p1 that was expressed as a major FN receptor on ST-13
cells, factors inhibiting the FN-integrin interaction, such as
the RGD-containing peptides and an®f1 mAbs, have
been reported to block FN fibrillogenesi§1{-56). We
showed here that FNIII14 inhibited FN fibrillogenesis
without its incorporation into FN matrix. Because FNIII14
is capable of suppressing the cell-to-FN interactions mediated
by the FN recepton531 (34—36), it is conceivable that
FNI114 inhibited FN fibrillogenesis by negatively regulating
the FN-a541 interaction. The assumption was supported by
three kinds of data, as follows. First, FNIII14 inhibited the
conformation change g#1 integrin from resting to active.
However, evaluation of the conformation-dependent epitope
of A1 integrin was only observed in K562 cells but not in
ST-13 cells. To evaluate using ST-13 cells, an mAb which
can discriminate between the resting and active conforma-
tions of murinef1 integrin, is essentially needed. Second,
the enhanced adhesion of ST-13 cells to FN, which was
induced by the 9EG7 mAb in a muriril integrin-specific
manner, was reversed by FNIII14. Third, FNIII14 induced
the dissociation of the binding of &3-labeled 110 K FN
fragment to ST-13 cells. This binding of'&l-labeled 110

K FN fragment to ST-13 cells was abrogated with GRGDSP.
With the data of ST-13 cell adhesion to FN taken together
(Figure 4), it was presumed that FNIII14 has the potential
to suppress FN fibrillogenesis of ST-13 cells by negatively
regulating the FN-tax551 interaction.

On the other hand, Bultmann et al. reported that the Hep
2 domain was involved in FN fibrillogenesi&?). In their
report, FN fragments containing 44L14 inhibit FN fibril

Kamiya et al.

formation and binding of*?9-labeled FN or an amino-
terminal 70-kDa fragment to the cell surface. Interactions
between the,ls and 160-kDa fragment containing4land
[l 12-14 could be inhibited by either an antidlbr anti-lll13-14
monoclonal antibody. They proposed that fibronectin fibril-
logenesis may involve direct interactions between &nd
[l 12-14, although the aforesaid monoclonal antibodies failed
to inhibit the binding of'*3-labeled 70-kDa fragments to
cells plated on the 160-kDa substrate. It might be possible
that the inhibitory effects of their FN fragments containing
[l 12-14 on FN matrix assembly included, in part, the effect
of the FNIII14 region in Il

We recently showed that the YTIYVIAL active site of
FNIII14 was usually buried, at least in plasma FN, within
the Hep 2 domain structure but exposed either by the
interaction of FN with heparin or by processing of FN with
matrix metalloproteinase (MMP)-238). Our previous data
also showed that MMP-2 was much more active in releasing
the Fib 1 fragments having the activity to promote the
adipocyte differentiation of ST-13 cells, as compared to other
MMPs such as MMPs-1, 3, and 26). As proposed by
Selvarajan et al 44) (see previous discussion), MMP-2 may
not only support adipocyte differentiation by degradation of
FN fibrils surrounding preadipose cells but also aggresively
promote adipose development by the release of FN fragments
containing the Fib 1 domain and the YTIYVIAL active site.
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