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ABSTRACT. Laminin, a multifunctional glycoprotein of the basement membrane, consists of three different
subunitsa, , andy chains. To date, five different chains have been identified. N-terminal domain VI

in theal chain has various biological activities. Here we screened biologically active sequences on domain
VI of the laminin a2, a3, ando5 chains using a large number of overlapping peptides. HT-1080 human
fibrosarcoma cell attachment to the peptides was evaluated using peptide-coated plastic plates and peptide-
conjugated Sepharose beads. We identified four cell adhesive sequences from te2nthiain domain

VI, two sequences from the3 chain, and two sequences from the laminfchain. Sequences homologous

to A13 (RQVFQVAYIIIKA, al chain 121-133) on all thea chains (FQIAYVIVKA, a2 chain 136-

139; GQLFHVAYILIKF, a3 chain 96-108; FHVAYVLIKA, o5 chain 74-83) showed strong cell
attachment activity. A516 (LENGEIVVSLVNGR, a5 chain 147160) showed the strongest cell
attachment activity in the plate assay, and the homologous peptide im3tlelhain promoted similar
strong cell attachment activity. A5L6 and its homologous peptide in tb@ chain promoted moderate

cell attachment, while the homologous peptide to-A® in theal chain did not show activity. A27
(SPSIKNGVEYHYV, a2 chain 108-120) showed cell attachment activity only in the plate assay, but
homologous sequences in tt&, o3, ando5 chains did not promote activity. AZ7 promoted endothelial

cell sprouting from aortic rings in vitro and melanoma colonization to murine lungs in vivo. However,
none of the homologous peptides of A2 promoted experimental pulmonary metastasis by-B3166
melanoma cells. These results indicate that there are chain-specific active sites in domain VI of the laminin
o. chains, some of which contain conserved activities.

Laminin, a multifunctional glycoprotein of the basement globular domains and found to play a critical role in binding
membrane, consists of three different subunits?, andy to cell surface receptors in a peptide- and cell type-specific
chains (). So far, fivea, threes, and threey chains have  manner {2, 13). Several peptides were found to interact with
been identified, and at least 15 isoforms are formed by both integrins and syndecah4—16). Some of the peptides
various combinations of each subur®4). Laminin has promoted neurite outgrowth, angiogenesis, and tumor me-
diverse biological activities including promotion of cell tastasis 17—20).
adhesion, migration, neurite outgrowth, tumor metastasis, and Domain VI of thea chain, one of the globular domains
angiogenesisl). More than 20 receptors have been reported in |aminin, is located on the N-terminus and is important
for the laminin-1 molecule §). Several active sites on  for many activities of laminin, such as cell adhesion, neurite
laminin-1 have been identified using proteolytic fragments, outgrowth, perlecan binding, and self-assemigg—~23).
recombinant proteins, and synthetic peptidss). We have  Domain VI of lamininal, a2, anda5 chains interacts with
screened cell adhesive sequences on laminin-1 using 6731431, a281, anda3A1 integrins. This domain also binds to
overlapping synthetic peptides covering the entire protein heparin and to heparan sulfate. Previously, we identified
(8—11). Most of the active peptides were localized in the several cell binding sites in domain VI of the laminiri

chain (L0). A13 (RQVFQVAYIIIKA), derived from laminin

f—y . N .. al chain domain VI, showed the strongest cell attachment
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Japan (Nos. 11470480, 11139201, and 12215002) and by the Researchell adhesion, migration, angiogenesis, and tumor metastasis
Foundation for Pharmaceutical Sciences. (10, 16, 19, 24). These results suggest that domain VI plays

*To whom correspondence should be addressed: Motoyoshi No- - : . - . -
mizu, Ph.D. Graduate School of Environmental Earth Science. Hokkaido @ CTitical role in some of the biological functions of laminin.

University, Kita 10 Nishi 5, Kita-ku, Sapporo 060810, Japan. Phone/ Domain VI is contained within thetl, a2, o3, andab
Fax: 81-11-706-2254. E-mail: nomizu@ees.hokudai.ac jp. chains P—4). The a2 chain is localized in the basement
Hokkaido University. .
 National Institutes of Health. membranes of skeletal muscle and peripheral nepg, (
#Osaka University. while the a3 chain is mainly localized in epithelial tissues

10.1021/bi011552c CCC: $20.00 © 2001 American Chemical Society
Published on Web 11/22/2001



Active Sequences on Lamini Chain Domain VI Biochemistry, Vol. 40, No. 50, 200115311

(3, 26). Theob chain is more widely distributed, and changes  Cell Attachment Assay Using Peptide-Conjugated Beads.
in its levels are associated with diverse pathologies, such asCell attachment to peptide-Sepharose or to polystyrene beads
defective glomerulogenesis, sickle red blood cell (RBC) was assayed in 96-well dishes. HT-1080 and BRBE&6 cells
adhesion, and diabetic retinopatti7{-29). were detached by 0.02% EDTA in phosphate-buffered saline

In this paper, we describe the systematic screening for (Versene, Life Technologies), and then washed with DMEM
biologically active sequences in domain VI of mouse laminin containing 0.1% bovine serum albumin (BSA, Sigma). The
o2, a3, anda5 chains using a large set of overlapping cells (10 000/10@L of DMEM containing 0.1% BSA) were
peptides. As the first stage of screening, we examined theincubated with 2QqL of the bead solution at 37C for 1 h
cell attachment activity of 74 different peptides using peptide- in 5% CQ. The cells that attached to the beads were stained
conjugated Sepharose beads and peptide-coated plates. Eightith a 0.2% crystal violet aqueous solution in 20% methanol
active sequences were identified. Several additional biologi- for 10 min and analyzed under the microscope. Cell
cal activities, including angiogenesis and tumor metastasis,attachment was quantitated in triplicate and evaluated on the
were also evaluated using the most active synthetic peptidesfollowing subjective scale#+, adhesion comparable to that

of A13; +, adhesion weaker than that of Al3;, no
MATERIALS AND METHODS adhesion.

Synthetic Peptides\ll peptides were synthesized manually Cell Attachment Assay Using Synthetic Peptidesl!
using the 9-fluorenylmethoxycarbonyl (Fmoc) based solid- attachment to peptide-coated plates was assayed in 96-well
phase strategy and prepared in the C-terminal amide formplates (Nunc Inc., Naperville, IL). Plates were coated with
as previously describedl@). Amino acid derivatives and  various amounts of peptide in 5L of Milli-Q H >0 by
resins were purchased from Watanabe Chemical, Hiroshima,drying overnight. The wells were blocked by addition of 100
Japan, and Novabiochem, La Jolla, CA. The respective aminouL of 3% BSA in DMEM for 1 h, then washed twice with
acids were condensed manually in a stepwise manner usingfPMEM containing 0.1% BSA. Cells, detached by Versene
4-(2 ,4-dimethoxyphenyl-Fmoc-aminomethyl)-phenoxy resin. and resuspended in DMEM containing 0.1% BSA, were
Dimethylformamide was used during the synthesis as aadded (30 000/108L) to each well and incubated at 3T
solvent. For condensation, diisopropylcarbodiimidhal- for 30 min in 5% CQ. The attached cells were stained with
droxybenzotriazole was employed, and for deprotection of 0.2% crystal violet aqueous solution in 20% methanol for
N*-Fmoc groups, 20% piperidine iN-methyl pyrrolidone 10 min. After washing off the unattached cells, 200 of
was employed. The following side chain protecting groups 1% SDS was used to solubilize the cellular proteins, and
were used: Asn, GIn, and His, trityl; Asp, Glu, Ser, Thr, the optical density at 570 nm was measured in a model 550
and Tyr, tert-butyl; Arg, 2,2,5,7,8-pentamethylchroman-6- Microplate reader (Bio-Rad Laboratories, Hercules, CA).
sulfonyl; and Lystert-butoxycarbonyl. Resulting protected In heparin and EDTA inhibition experiments, 5 mM
peptide resins were deprotected and cleaved from the resirEDTA was added to the HT-1080 cell suspensions 10 min
using a trifluoroacetic acid-thioanisata-cresol-ethanedithiol-  before plating the cells. In heparin inhibition experiments,
H.O (80:5:5:5:5, v/v) at 20°C for 2 h. Resulting crude  10ug/mL heparin was added to both the wells and HT-1080
peptides were precipitated and washed with ethyl ether, thencell suspensions 10 min before plating the cells. After a 30
purified by reverse-phase high performance liquid chroma- min incubation, the attached cells were measured as described
tography (using a Vydac 5C18 column and a gradient of above. All assays were carried out in triplicate, and each
water/acetonitrile containing 0.1% trifluoroacetic acid). Purity experiment was repeated at least three times.
of the peptides was confirmed by analytical high performance  Aortic Ring AssayThe aortic ring assay was performed
liquid chromatography. Identity of the peptides was con- as described previousiyi9). Aortas were harvested from
firmed by a Sciex API llIE triple quadrupole ion spray mass 6-wk-old Sprague Dawley rats and immediately placed in
spectrometer. Five peptides showed low solubility in aqueous RPMI 1640 (Life Technologies). Fatty tissues were removed
solutions and could not be purified by reverse-phase high by gentle scraping, and the aortas were cut into thin rings
performance liquid chromatography. with a scalpel 82). Since the ends of the aortas were held

Preparation of Peptide-Conjugated Sepharose Be@ls. by forceps during the cleaning and cutting and may have
73 soluble peptides (one was not soluble) from domain VI been damaged, they were discarded. Forty-eight-well plates
of the a2, a3, anda5 chains were coupled to cyanogen were coated with 11@L of Matrigel, and the rings were
bromide (CNBr)-activated Sepharose 4B (Pharmacia Biotechplaced on the Matrigel and sealed in place with an overlay
AB, Uppsala, Sweden) as described previoud§).( The of 40 uL of Matrigel. Various amounts (0.4, 0.2, or 0.1 mg)
peptide solutions (0.2 mL, 1 mg/mL in Milli-Q #D) were of each peptide were added to the wells in a final volume of
mixed with 30 mg of the activated Sepharose beads.200 uL of human endothelial serum-free media (Life
Ethanolamine-coupled beads were prepared as a control. Thdechnologies). As controls, medium alone and medium
amounts of coupled peptide were determined by amino acid containing 20Q:g/mL of endothelial cell growth supplement
analysis (16-20 umol of peptides/g of Sepharose beag)( (ECGS) (Collaborative Research, Bedford, MA) were as-

Cells and CultureHT-1080 human fibrosarcoma cel31j sayed. Additional peptide was added on day 4, and the assay
were maintained in Dulbecco’s modified Eagle’s medium was fixed and stained with Diff-Quik on days-%. Each
(DMEM, Life Technologies, Rockville, MD) containing 10%  data point was assayed in quadruplicate (triplicates for the
fetal bovine serum (FBS, Life Technologies), 100 units/mL dose response), and each experiment was repeated at least
penicillin, and 10Q:g/mL streptomycin (Life Technologies). three times. A blinded observer scored outgrowth by
B16—BL6 mouse melanoma cells were maintained in Eagle’s comparing responses with media alone (background levels)
minimal-essential medium (MEM) containing 5% FBS, 100 to that observed with the peptides and with ECGS (positive
units/mL penicillin, and 10Qtg/mL streptomycin. control). Results were scored with the following scaile,
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Ficure 1: Sequences and peptides from the domain VI of lamit#ina3, anda5 chains. Sequences were derived from mouse lansigjn
a3, ando5 chains 8, 39, 40). Locations of peptides are indicated by arrows. Active peptide sequences in peptide-coated plate and/or
peptide-conjugated bead assays are shown by bold arrows.

sprouting comparable to ECGS; significant sprouting but o s
lower than positive control; ang, low levels of sprouting —-A27
14 | -=-A28
comparable to background levels.
In Vivo Experimental Pulmonary Metastasis Asdayivo 12
experimental pulmonary metastasis assays were carried out E
as described previously3®). 100 uL of B16—BL6 cells g 10
(1 500 000 cells/mL in MEM containing 0.1% BSA) were a
injected into the tail vein of C57BL6J mice (6 weeks old, © s
male). Then immediately 1Q4L of peptide solution (1 mg/ §
mL in MEM containing 0.1% BSA) were injected into the S o6
tail vein. The mice were sacrificed 15 days after injection. §
The lungs were removed, and the number of visible colonies < 04
on the lung surface was counted. Each peptide was assayed
in five mice, and the active peptides were tested a minimum 0.2
of two times.
0.0
RESULTS
Cell Attachment Actity of Synthetic Peptides Degd Amount of Peptides (ug/ well)
from Domain VI of the Laminia2, 0.3, anda5 ChainsWe FIGURE 2: Attachment of HT-1080 cells to peptide-coated plates.
prepared 74 peptides from laminin domain VI @2, o3, 96-well plates were coated with various amounts of peptides. HT-

anda5 chains for screening of cell binding sequences (Figure &V%ioa‘;ilz ;’Ve%f% a%?egtéﬁc%lﬁpam; ”Uénaﬁzraggaé;acrgigecf'; e
flgr Zgisge \?V?\Fi)(flr?Svsaz,vﬁrse,}oﬂ:zlsgl\fsda:npc';/_lc,liltl:\-/g Z‘gﬁﬁgl’eff;t mean of triplicateyresﬁlts. Triplicate expgriments gave s?milar results.
(RQVFQVAYIIIKA), which has the strongest cell attach- and had a similar dose-dependent curve to that of Al13
ment activity in theal chain domain VI, was used.@). (Figure 2). None of the othex3 chain peptides was active.
We used HT-1080 human fibrosarcoma and BB&6 In o5 chain domain VI, A59 (AYVLIKFANSRR) and
mouse melanoma cells for evaluating cell attachment activity. A5—16 (LENGEIVVSLVNGR) showed strong cell attach-
In a2 chain domain VI, A2-20 (LEFTSARYIRLR) showed ment activity comparable to that of A13 and had a similar
strong activity comparable to that of A13 (Figure 2). Two dose-dependent curve to that of A13 (Figure 2). In contrast,
peptides (A2-7 and A2-8) showed moderate cell attachment none of thea5 other peptides showed cell adhesion to the
activity. None of the othet2 chain peptides was active. In  plates.

o3 chain domain VI, A3-10 (GQLFHVAYILIKF) showed We next evaluated cell attachment activity of all the
strong cell attachment activity comparable to that of A13 peptides after coupling to beads using HT-1080 cells.
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Table 1: Synthetic Laminime Chain Domain VI Peptides and their Cell Attachment Activities

cell attachment activity

HT-1080 B16-BL6 aortic promot of
pept sequence plate bead platet sprout lung coloniZ
A2—7 SPSIKNGVEYHYV + - + + +
A2-8 YHYVTITLDLQQ + - + +(weak) +
A2-20 LEFTSARYIRLR ++ + ++ - -
A2-21 IRLRFQRIRTLN - ++ — - -
A3—-10 GQLFHVAYILIKF ++ ++ ++ + +
A3-22 TKATNIRLRFLR - + — + -
A5-9 AYVLIKFANSPR ++ + ++ - -
A5-16 LENGEIVVSLVNGR ++ - ++ - -
Al3 RQVFQVAYIIIKA ++ ++ ++ ++ +

aFor cell attachment assays, various amounts of peptides were coated on the wells as described in Material and Methods. In all cases, the
biological activities were quantitated, and peptide activities were evaluated relative to the activity observed with A13 as shown in Figure 2. Cell
attachment was evaluated on the following subjective scé#t¢:; adhesion comparable to that of A18; adhesion weaker than that of A13;
no adhesion. Triplicate experiments gave similar restil@ell attachment activity on peptide-conjugated Sepharose beads. Cell attachment was
evaluated on the following subjective scalg:+, adhesion comparable to that of A18; adhesion weaker than that of A13; no adhesion.
Triplicate experiments gave similar resut€Endothelial cell sprouting from aortic segments in the presence of peptides was tested. Results were
scored with the following scale:+, sprouting comparable to ECGS; significant sprouting but lower than positive contrel; low levels of
sprouting background level$ B16—BL6 cells and peptides were separately injected via the tail veins of C57BL6/N mice. The lungs were removed
after 15 days, and the number of the colonies on the surface of the lung was counted. Promotion of lung colonization was,significantly
increased number of lung colonies similar to that of A%3;not changed.

that of A13-conjugated beads (Table 1).-A&-conjugated
beads showed moderate cell attachment activity (Figure 3C).
In a5 chain domain VI, only A5-9-conjugated beads showed
moderate cell attachment activity. A36, which was the
most active in the plate assay, did not support cell attachment
to the beads. The remainder of the peptide beads did not
have significant cell attachment activity. On the basis of the
two cell attachment assays, we found eight potentially active
peptides (Table 1).

Effects of EDTA and Heparin on Cell Attachmemhe
effects of EDTA on HT-1080 cell attachment to peptide-
coated plates were examined to determine the role of cations
using the seven peptides that were active in the plate assays
including A13 (Figure 4). Cell attachment to laminin-1 was
inhibited by 5 mM EDTA as shown previoushl@). Cell
attachment of A28 was inhibited by 5 mM EDTA. While
EDTA did not affect cell attachment to the rest of the active
peptides. These results suggest that HT-1080 cells attach to
the A2—8 peptide in a cation-dependent manner.

Next, we tested the effects of heparin on HT-1080 cell
( attachment to peptide-coated plates using the seven peptides
that were active when coated on the plates (Figure 4). Cell

/

- \a
Ficure 3: Adhesion of HT-1080 cells on peptide-conjugated attachment to laminin-1 was not inhibited by 1@/mL
Sepharose beads. HT-1080 human fibrosarcoma cells were allowecheparin, whereas attachment to A13 was inhibited byd/o

to attach to peptide-conjugated Sepharose beads lfioand were ; ;
then stained with crystal violet. (A) A220; (B) A2—21; (C) A3 mL heparin as shown previoushl@. Cell attachment to

22; (D) A5-9; (E) A13; (F) ethanolamine. Original magnification @l Of the peptides was inhibited in the presence ofu0
200x. mL heparin except cell attachment to A8, which was not
Seventy-three soluble peptides (except insoluble peptide A2 affected by heparin. These data suggest that negatively
9) were coupled to CNBr-activated Sepharose beads. A13-Charged m_oI_ecuIes may f_unct|on as cellular surface ligands
conjugated beads were used as a positive control. Ethanol{or the laminina chain active sequences (A13, AZ, A2—
amine-conjugated beads were also prepared as a negativg()' A3-10, A5-9, and A5-16).

control. HT-1080 cells attached and spread on A13- Endothelial SproutingNext, we focused on eight peptides
conjugated Sepharose beads, while ethanolamine beads di¢Table 1) that showed strong cell attachment activity in the
not show cell attachment activity (Figure 3). &2 chain plate and/or bead assays. We tested for endothelial sprouting
domain VI, A2-21-conjugated beads showed strong cell activity using rat aortic rings (Figure 5). A13 stimulated
attachment and spreading activity comparable to that of A13 vessel sprouting as described previoudl9)( A2—7, A3—
(Figure 3B, E). A2-20-conjugated beads showed moderate 10, and A3-22 also stimulated vessel sprouting, and-/&

cell attachment. I3 chain domain VI, A3-10-conjugated  showed weak activity; whereas, the remaining cell adhesive
beads showed strong cell attachment activity comparable topeptides were not active in this assay (Table 1).
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Ficure 4: Inhibition of HT-1080 cell attachment to peptides by
EDTA and by heparin. Round-bottom 96-well plates were coated
with 2 ug of peptide/well. 5 mM EDTA or 1qkg/mL heparin were
added to cell suspensions and incubated for 10 min. Then cells
were added onto the plates. After a 30 min incubation, the attached
cells were assessed by crystal violet staining. Each value represent
the mean of five separate determinatian$D. Duplicate experi-
ments gave similar results.

Ficure 5: Stimulation of endothelial sprouting from aortic rings
observed with 0.2 mg/mL of laminin peptides: (A) Al13; (B) A2

; (C) A5-9; (D) A5—16; (E) Matrigel with 200ug/mL ECGS
positive control); (F) Matrigel alone (negative control). Original
magnification 5.

In Vivo Experimental Pulmonary Metastasis Assalie Table 2: Effect of A2-7 and Related Peptides on Lung
effect of the eight cell adhesive peptides on experimental Colonization by B16-BL6 Melanoma Cell.

pulmonary metastasis by BHBL6 cells in vivo was tested no. of
(Table 1). B16-BL6 mouse melanoma cells (150 000/mouse) _ B16-BL6 cell lung
were intraveniously injected via the tail vein into C57BL6J _PePtide sequence atachmerft _ colonieS
mice, and then peptides (0.1 mg/mouse) were immediately A2—7 SPSIKNGVEYHYV + 369.0+10.9
administered. After 15 days, the number of the metastatic ,; », 7, SngIZQC,L‘g'gésﬁ\}vz\?) B 995 34 3.9
colonies on the surface of the lungs was counted. Control (a1 chain 102-114)

cells (PBS injected without peptide) formed an average of A3-8 SPPLSSGTQYNQVN - ND

297 colonies per mouse lung (Table 1). A13 (a positive AS—6 Ségﬁg&égﬁ?& 227 04 2458
control) significantly promoted lung colonization as described (o5 chain 52-64)

previously @4). A2—7, A2—8, and A3-10 also significantly A2-7S  GYSIEPKSYHNVV

- 186.7+ 33.0
promoted lung colonization (Table 1). In contrast, the rest (scrambled A2-7)
of the peptides did not significantly affect experimental A2-7T ISGEVPNYVHKYS - 205.6+17.5
metastasis. (scrambled A2-7)
none 198.4+ 28.4

Since the A2-7 peptide was active in promoting endo- : :
thelial sprouting in vitro and in promoting metastasis in vivo, 2 For cell attachment assays, various amounts of peptides were coated

. . on the wells as described in Material and Methods. In all cases, the
we studied the homologous peptides on e a3, andaS biological activities were quantitated and peptide activities were

chains for their activity (Table 2). Although these peptides oyajuated relative to the activity observed with A2 as shown in
did not promote B16BL6 cell attachmentp1(A2—7) and Figure 2. Cell attachment was evaluated on the following subjective
A5—6 were tested for their activity in the experimental scale: +, adhesion comparable to that of AZ; —, no adhesion.
pulmonary metastass assay (TabIGEXAZ-7) and AS-6.__Ipleas spermens eue sty sseach motes nes e
did not promote experlmental pulmonary metastasis (Table mg/mouse) was immediately administered by tail vein. The number of
2). Scrambled peptides of AZ7, A2—7S, and AZ-7T also colonies on the lungs was counted 15 days later. Number of lung
did not affect experimental pulmonary metastasis. colonies: meant standard error. The experiment was repeated with
Since A13, A3-10, and A5-16 have the strongest cell ~ similar results.
attachment activity, we focused on these sequences and their
homologues (Figure 6). We prepared the homologous pep-HT-1080 cell attachment activity in the peptide-coated plastic
tides of A13 and A5-16 in truncated forms. A13b and A5 plate assay (Table 3). The homologous peptides for A13b
16a, which are truncated peptides of A13 and-AB, were in the a2 anda5 chains,a2(A13b) anda5(A13b), showed
used because they bound to HT-1080 cells with activity strong cell attachment activity comparable to that of A13b.
comparable to the original peptides (Table 3). We evaluated This demonstrated complete conservation of the A13 activity
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al 25 ———ee Q--~QRGLFPAILNLATNAHISANATCGEKG-PEM——————— FCKLVEHVP-~-GRPVRHA-Q-CRV 75

o2 23 QRRQSQAHQORGLFPAVLNLASNALITTNATCGEKG=-PEM~—=w=ce YCKLVEHVP~-~GQPVRNP-Q-CRI 81

a3 ] mmmemm e e NLAQAARIWATATCGERD-PEVSRPRPELFCKLVGG-PAAQGSG--HTIQGQF- 49

ob 1 = D-—m—— LYCKLVGG-PVAGGDPNQ-TIQGQY- 24
A2-7 Al3

ol 76 CDG--~-NSTNPRE-—-R—-HPISHAIDGTNNWWOSP -5 IONGREYHWVTVTLD LI TAYIRTEANAP 137
02 82 CNQ----NSSNPYQ--R—--HPITNAIDGKNTWHT i A AR eI i ST NARATIANSP 143
a3 50 CDYC--=NS=----EDSRKAHPASHAIDGSERWWQSPPLSS--GTQYNQVNLTLDLENRTVZVSERISFANSP 112
a5 25 CDICTAANS-Ne==euo KAHPVSNAIDGTERWWQSPPLSR~~GLEYNEVNVTLDLGQVEEIZSAIMIAT N 87

al 133 RPGNWILERSVD-GVKFKPWQYYAVS--DTECLTRYKITPR---RGPPTYRA---DNEVIC-TSYYSKLVPL 199
a2 144 RPGNWILERSLDD-VEYKPWQYHAVT--DTECLTLYNIYPRT---GPPSY-AK--DDEVIC-TSFYSKIHPL 205
a3 113 RPDLWILERSVDFGSTYSPWQYFAHSRRD--CVEQF--—~—- T--~GQEANMAITQDDOMLCV-TEYSRIVPL 172
ab 83 RPDLWVLERSTDFGHTYQPWQFFASSKRD~-CLERFG--PRTLER-—————— ITQDDDVIC—TTEYSRIVPE 147

al 200 EHGEIHTSLINGRPSADDP--SPQLLE~FTSARYIRLR-LQRIRTLNADLMTLSHRD---LRDLDPIVTRRY 264
a2 206 ENORGIININGIP SADDP--SPELIB I Sl IR B IRy A DLMMF AHKDP -~ -REIDPIVIRRY 270
a3 173 ENORRAIBINOIPGAKKFAF SDTLRE -Fiid N AR~ ~- T-NT~L~-LGHLISKAERD--PTVTRRY 234
a5 148 CERAAIRGNOIPGALNFSYSP-LLRDFTKATNIRLRFL-R-~T-NT-L--LGHLMGKALRD--PTVTRRY 209
A5-16
ol 265 YYSIRDISVGGMCIC 279
o2 271 YYSVKDISVGGMCIC 285
a3 235 YYSIKDISVGGRCVC 249
a5 210 YYSIKDISIGGRCVC 224

Ficure 6: Alignment of amino acid sequences of the lamiailrthain domain VI. Data are frorml: mouse laminiral chain @1); o2:
mouse laminiroi2 chain 89); a3: mouse laminire3 chain @); anda5: mouse laminir5 chain @0) chains. Active sequences are boxed
in black.

Table 3: A13 and A516 Related Peptides and Their Cell both assays should be employed when testing for active
Attachment Activity peptides. It is likely that the differential activities are due to
inactive conformations and/or poor coating efficiencies on

cell .
attachment the dish. For _e>§am_ple, AZ7 a_nd A5-16 showed cell

peptide sequence plate? attachment activity in the peptide-coated plate assay, but
A13 RQVFQVAYIIIKA (ol chain 12+133) T+ these peptides were not active in .the peptide-conjugated
A13b FQVAVYIIIKA (al chain 124-133) ++ Sepharose bead assay. We previously showed that the
a2(A13b)  FQIAYVIVKA (a2 chain 136-139) ++ IKVAV ( 34) sequence-containing 12-mer peptide from the
ﬁg(;ll%b) Egbic\\;ﬁpk'(l(&(gﬁa?ﬁggg108) Ii laminin a1 chain was active in the peptide-coated plate assay
A5—16 LENGEIVVSLVNGR (@5 chain 147-160)  ++ but was not active in the peptide-conjugated S_eph_arose bead
A5—16a NGEIVVSLVNGR (5 chain 149-160) ++ assay 10, 30). A2—7 contains IKNGV and this site may
a;gﬁg—igag HgE::ITSSLLI:\INC?RR (le Chhain22005221182)) - behave similarly to the IKVAV peptide. The A5L6 peptide
o —16a chain i ; ; ; ; ;
o3(A5—16a) NGEIVVSLINGR (3 chain 174-185) - Ii hydror?hoblc, and its active sequence may interact with
A5-16S  ILENVGEVNGRLVS (scrambled A516)  — the Sepharose bead.

°F . . We have sought to characterize the cellular receptors for
or cell attachment assays, various amounts of peptides were coate({ . . -
on the wells as described in Material and Methods. In all cases, (N Most active peptides. Cell attachment on-82was
biological activity was quantitated, and peptide activity was evaluated inhibited by 5 mM EDTA, and five peptides showed reduced
relative to the activity observed with A13 as shown in Figure 2. Cell attachment in the presence of heparin. Previously, using this
2dhasion comparable 1 hat of A1S: achesion woaker tan that of  CP10ach, we idenified several cell binding sequences on
i ; . -
Al13; —, no adﬁesion. Triplicate experiments gave similar results. \t:::r(ex%oﬁzgltno’ raerégg;rr:lgeeelnazg::crjﬁ?,s(li OA]]_-g), égllgttzgﬁmp(;ﬁfz,
) ) ] on A2—8 was cation-dependent, suggesting that this peptide
in all of the chains. In contrast, the homologues of the highly nas potential to interact with integrins, but this has not been
active A5-16 were not as active. The3(A5—16a) peptides,  tested. Recently, we found that the AG73 peptide interacted
AS5-16a homologous peptides in the3 chain, showed  \yith syndecan-1 via its heparan sulfate side chaifs Eive
activity in the plate assay comparable that of-Aba, while  peptides, whose cell attachment was inhibited by heparin,
02(A5—16a) showed moderate cell attachment activity. giso likely interact with proteoglycans.

However,a1(A5—16a) and the scrambled peptide (AB6S) We aligned the domain VI sequences of tik a2, o3,
showed no activity in this assay. These results suggest thatynq o5 chains (Figure 6). On the basis of the homologues
there are chain- and/or site-specific active sites. observed, we focused on peptides A13,-A2 and A5-16,

DISCUSSION v_vhich showed strong cell atta_chment activity and/or promo-
tion of endothelial cell sprouting and tumor metastasis. In
Cell binding sites in domain VI of the laminia2, a3, all of the a chains, the homologous sequences of Al3
and o5 chains were identified by a systematic peptide showed strong cell attachment activity in both peptide-coated
screening. Four biologically active cell binding sequences plate assays (Table 3). A13 promoted cell adhesion, migra-
from laminin a2 chain domain VI, two sequences from tion, angiogenesis, and tumor metasta&@ (9, 24). A13
laminin o3 chain, and two sequences from the lamiaik was also found to bind to integrin531 and avs3 (16).
chain were identified. Five peptides promoted cell attachment Moreover, the homologous region of A13 on the laminin
activity in either the plate or bead assays and three peptidesu5 chain was found to be active for cell binding by site-
were active in the both assays. These results indicate thatirected mutagenesis analysis of domain 38)( These data
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indicated that the results of active site mapping using 4.
synthetic peptides were comparable to that obtained using
recombinant proteins. Taken together, the A13 region is an -
important site for biological activity.

A2—7 promoted cell attachment activity only in the plate
assay, whereas the homologous peptides inithex3, and
o5 chains did not show cell attachment activity. Furthermore,
A2—7 was found to promote aortic sprouting in vitro and
mouse lung colonization in vivo, whereas the homologous 9
peptides did not show activity in these assays. These results
suggest that the A27 sequence is specific in the laminin
o2 chain and has chain-specific biological activity.

A5—16 in thea5 chain showed the strongest cell attach-
ment activity in the plate assay. The homologous peptides
in the a2 anda3 chains showed cell attachment activity,
whereas 1(A5—16) did not show activity, like A27. These 11.
results suggest that the A36 sequence also has chain-
specific activity. These active peptides may be important for
testing the cell-type specificity of the laminaa chains.

Al3, A2—7, A2—8, and A3-10 promoted angiogenesis
and tumor metastasis. We are not sure if these sites function 13
in vivo in the intact molecule or in released fragments after
matrix degradation. Various degradation products of extra-
cellular matrix molecules can regulate tumor growth and 14.
angiogenesis. For example, a proteolytic fragment of lami-
nin-5 (343y2) generated by a matrix metalloproteinase was
found to induce cell migration3@). Proteolytic fragments
of plasminogen and collagen XVIII, designated angiostatin
and endostatin, were also found to have important functions 16,
in regulating angiogenesis, tumor growth, and metastagjs (

38). Proteolytic fragments of laminin chains may be involved 17.
in angiogenesis and tumor metastasis.

Using the synthetic peptide approach, a number of active 18-
sites on laminin-1 have been described. For example, some
20 active peptides have been described for endothelial cells ;o
(19, 20) while approximately 48 have been described for
neuronal cells42) on the lamininal, 1, andyl chains.

Of the 20 peptides described for endothelial cells, four appear 20.
to be endothelial cell-specificl@, 20). Some peptides that
are active with a variety of cells have different cellular
responses dependent on the cell type. For example,
AG73(RKRLQVQLSIRT,al chain 2719-2730) promotes
neurite outgrowth with neuronal cell$7), acinar formation 22
with salivary gland cells15), and metastasis with melanoma

cells (18). The peptide approach is powerful for identifying  23.
active sites. The demonstration of specific cellular receptors

for peptides adds support to their functional significance. 24

Here we describe the identification of cell binding sites
in domain VI of the laminina2, a3, anda5 chains by
systematic peptide screening. These active peptides suggest
cell-type specificity of the laminin chains and thus, in part, g
define the reason for so many laminin isoforms.

~

10.

15.
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