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ABSTRACT

The human high molecular weight-melanoma-associated antigen (HMW-

MAA) meets the criteria to be used as an immunogen for immunotherapy of
malignant melanoma, because it is expressed by a large percentage of mela
noma lesions with limited heterogeneity and has a restricted distribution in
normal tissues. The high immunogenicity of the HMW-MAA in BALB/c mice
has resulted in the development of a large number of anti-HMW-MAA
monoclonal antibodies (mAbs). In contrast, no human anti-HMW-MAA
ni Mis have been described. Because the latter may serve as useful probes to
characterize the antigenic profile of the HMW-MAA, human anti-HMW-
MAA single-chain fragments of the variable region (scFvs) were isolated by
panning synthetic scFv library 1 on purified HMW-MAA. Colony hybrid

ization studies and nucleotide sequence analysis revealed that scFv 19,44,56,
and 61 belong to the V,,3 gene family and use the DP-38 germ-line gene
segment but have a diverse third complementarity-determining region. The
human scFvs share some characteristics with mouse anti-HMW-MAA mAb

but also display some distinct features. Like mouse mAbs, human scFvs
recognize determinants of HMW-MAA with a heterogeneous cellular and

molecular distribution in human melanoma cells. Furthermore, like some
mouse mAbs, human scFvs react with rat neural cells expressing the chon-
droitin sulfate proteoglycan NG2, which shows 81 % homology to the HMW-

MAA. However, at variance with mouse mAbs, the human scFvs show poor
reactivity with guinea pig melanoma cells. Lastly, human scFv 61 stains both
benign and malignant lesions of melanocytic origin, although with a lower
frequency than mouse mAbs. Analysis of the clinical significance of the
differential expression of the scFv 61-defined determinant in melanoma
lesions will be facilitated by its reactivity with formalin-fixed melanoma
lesions. In contrast to mouse mAb, scFv 61 immunoprecipitates the >450-
kDa chondroitin sulfate proteoglycan component of the HMW-MAA, but not
its 250-kDa subunit from melanoma cells. Thus, contrary to the current view
about the structure of HMW-MAA, our results demonstrate that the two

components are not associated. The described scFv antibodies, which repre
sent the first example of human anti-HMW-MAA antibodies, have provided

novel information about the structure of this antigen. Future studies will
assess the impact of these in vifro-assembled antibody fragments on the
identification of antigenic determinants of the HMW-MAA that can be

recognized by the human immune system.

INTRODUCTION

Malignant melanoma represents a type of human malignancy in
which mouse mAbs3 have been successfully used to identify MAAs
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(for a review, see Ref. l). Among them is the HMW-MAA that is the

focus of our investigations. Because of its expression in a large
percentage of melanoma lesions with limited heterogeneity and its
restricted distribution in normal tissues (2). the HMW-MAA has been

successfully used as a marker for the radioimaging of melanoma
lesions (3, 4) and as a target for passive (5) and active specific
immunotherapy (6. 7) in patients with malignant melanoma.

The high immunogenicity of the HMW-MAA in BALB/c mice has

facilitated the development of a large number of mouse mAbs that
recognize distinct determinants on this molecule. To the best of our
knowledge, no human anti-HMW-MAA mAbs have been developed.
This reflects, at least in part, the poor immunogenicity of the HMW-

MAA in patients with malignant melanoma and the technical diffi
culties in establishing stable hybridomas that secrete human mAbs.
Human mAbs represent useful probes to identify the antigenic deter
minants of the HMW-MAA recognized by the human immune sys

tem. Furthermore, these reagents may be useful in improving the
efficacy of antibody-based passive immunotherapy of malignant mel

anoma by eliminating the generation of an immune response to
constant regions of mouse immunoglobulin.

Therefore, in the present study, we have investigated whether
human anti-HMW-MAA antibodies could be isolated from a phage

display antibody library. In this technology, libraries of antibodies
have been constructed from naive or immune repertoires of rearranged
V genes obtained from the lymphocytes of nonimmunized donors or
from immunized individuals, respectively. Alternatively, libraries
have been constructed from synthetic repertoires assembled by in
vitro rearrangement of V genes (for reviews, see Refs. 8 and 9).
Antibodies are expressed as either scFv or Fab fragments on the
surface of filamentous bacteriophages and phages bearing antibody
fragments that bind to the antigen isolated from nonbinding phages by
affinity selection on the antigen. Synthetic phage display antibody
libraries offer several advantages over immune libraries: (a) they
serve as universal libraries for isolating antibodies of desired speci
ficities; (b) the antibodies represented in these libraries are more
diverse because they are not subject to in vivo selection pressures
resulting in anergy or deletion of B-cell clones; and (<â€¢)because the

CDR3 in these libraries is completely random, antibodies with novel
binding specificities can be isolated.

The aim of this study was to identify and characterize the speci
ficity of human anti-HMW-MAA scFvs isolated from a synthetic scFv
phage display antibody library and to compare it with that of anti-
HMW-MAA mouse mAbs.

MATERIALS AND METHODS

Cell Lines, Antigen Preparations, and Tissues. Human melanoma cell
lines Colo 38. FO-1, and Melur; human B lymphoid cell lines Dandi and LG-2;
human T lymphoid cell line MOLT-4; guinea pig melanoma cell line GP-5;

mouse melanoma cell line B16; and rat neural cell line B49 were maintained
in RPMI 1640 (Life Technologies, Inc.. Grand Island. NY) containing 10%
serum plus supplement (BioWhiltaker. Walkersville. MD) and 2 mM i.-glulu-
mine (BioWhittaker). Human melanoma cell line SK-MEL-28 and human
ovarian carcinoma cell line SK-OV-4 were maintained in RPMI 1640 contain-
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ing 10% fetal bovine serum (BioWhittaker) and 2 mM L-glutamine. Human

melanoma cell line S-5 and human fibroblasts were maintained in DMEM

(Life Technologies. Inc.) containing 10% fetal bovine serum. All cell lines
were cultured at 37Â°Cin a 5% CO2 atmosphere.

Cell lysates were prepared by solubilizing cells (1 X IO7) washed with

HBSS (Life Technologies. Inc.) in 1.2 ml of lysis buffer [10 mM Tris-HCl (pH

8.2), 1 mM disodium EDTA, 150 mM NaCl, and 1% NP40] containing I mM

phenylmethylsulfonyl fluoride (Sigma Chemical Co., St. Louis, MO). After a
30-min incubation at 4Â°Cwith occasional vortexing, cell debris were removed

by centrifugation at 10.000 x g for 30 min. and the supernatant was stored at
-20Â°C.

Antigens were purified from a cell lysate by binding to a solid phase coated
with a mouse mAb with the appropriate specificity. Briefly, the mAb solution
(100 jig/ml of 0.05 M NaHCO, (pH 9.6)] was incubated overnight at room
temperature with the solid phase. After blocking with PBS containing 2%
nonfat dry milk, insolubilized mAbs were incubated overnight at room tem
perature with a cell lysate. After washings, mAb-bound antigens were used for

panning or in serological assays.
Benign and malignant lesions of melanocytic origin. BCC lesions, SCC

lesions, and SK lesions were obtained from patients who underwent surgery in
the Department of Dermatology at Kumamoto University School of Medicine
(Kumamoto. Japan). The diagnosis of melanoma lesions was based on his-

topathological characteristics. Tissues were processed within 15 min of their
surgical removal. Part of the tissue sample was fixed in 10% neutral buffered
formaldehyde, routinely processed, and paraffin-embedded. Part of the speci
men was frozen in liquid nitrogen and stored at -80Â°C until use. Four-jxm-

thick cryostat sections were dried and fixed in absolute acetone for 1 min.
Under these fixation conditions, cryostat sections could be stored for at least 3
months at â€”¿�20Â°Cwithout loss of reactivity with antibodies.

mAbs, scFvs, and Conventional Antisera. Mouse mAbs 149.53 (10),
225.28 (11), 763.74 (10), TP4I.2 (12). and TP6I.5 (13) reacting with the
distinct determinants of the HMW-MAA: mouse anti-IOO-kDa MAA mAb

376.96 (14); mouse anti-115-kDa MAA mAb 345.134 (15); mouse anti-id
mAb MK2-23 elicited with mAb 763.74 (16); mouse anti-HLA class I mAb

TP25.99 (17); mouse anti-rat NG2 mAb D4.11 (18); mouse mAb 9E10
directed to the c-myc oncoprotein (19); and scFv 119 isolated from synthetic

scFv library 1 by panning on anti-id mAb MK2-23 (20) have been described

elsewhere.
Mouse mAbs were purified from ascitic fluid by sequential ammonium

sulfate and caprylic acid precipitation (21 ). F(ab')2 fragments were obtained by

peptic digestion of mouse mAbs. The purity and activity of mAb and F(ab')2

fragment preparations were assessed by SDS-PAGE and ELISA, respectively.

Mouse mAbs were biotinylated using NHS-LC-Biotin (Pierce Chemical Co.,
Rockford, IL) according to the manufacturer's instructions.

Peroxidase-conjugated sheep anti-Mi3 antibodies and purified RAM IgG

(H + L) antibodies were purchased from Pharmacia Biotech (Piscataway, NJ)

and Jackson Immunoresearch Laboratories Inc. (West Grove, PA), respec
tively. The Vectastain ABC kit was purchased from Vector Laboratories
(Burlingame. CA).

Phage Display Library. Synthetic scFv library 1 (a gift from Dr. Greg
Winter. Medical Research Council Centre for Protein Engineering, Cambridge,
United Kingdom) was constructed as described previously (22). Briefly, 50
human germ-line VH gene segments (23) were rearranged in vitro to a random,
synthetic, 4-12-residue-long CDR3 and cloned in phagemid vector pHENl

(24) carrying a rearranged human anti-BSA VA3 light chain (25). Escherichia

coli host TG l harboring the phagemid library was grown by rescue of phage
mid with helper phage VCS-M13 (Stratagene, La Jolla, CA) followed by

polyethylene glycol (Sigma Chemical Co.) precipitation of phage particles to
obtain a titer of 10" tu/ml (26).

Synthetic Oligonucleotide Primers and Probes. Primers CDRBACK and

CDRFOR for amplifying CDR3 (22), primers LMB3 and LINKSEQ (24) for
PCR amplification and nucleotide sequencing, and the six VH family-specific

oligonucleotide probes (25) were synthesized using a Cruachem PS250 auto
mated DNA synthesizer (Cruachem Inc. Sterling, VA).

Oligonucleotide primers were radiolabeled with (7-12P]ATP (>5000 Ci/

mmol; Amersham Corp., Arlington Heights, IL) using the enzyme T4 polynu-

cleotide kinase (Amersham Corp.).

Selection of HMW-MAA-binding Phages from the Phage Display Li
brary. Panning of the phage library was performed in immunotubes (maxi-
sorp; Nunc, Roskilde. Denmark) coated with HMW-MAA that was captured
from a Colo 38 melanoma cell lysate by F(ab')2 fragments and whole IgG of

mouse anti-HMW-MAA mAbs TP41.2 and TP61.5, respectively. After five

washings with PBS. the tubes were incubated with the phage scFv library
(containing ~10" tu/ml of PBS containing 2% nonfat dry milk), which had

been sequentially incubated 10 times in immunotubes coated with mAb TP41.2
and 10 times in immunotubes coated with mAb TP61.5 to remove phages
binding to mouse IgG. Each incubation was performed for 2 h at room
temperature. Subsequent steps were performed as described previously (26).
Briefly, after washing of the immunotubes with PBS containing Tween 20,
bound phages were eluted with 100 mM triethylamine (Sigma Chemical Co.),
infected into exponentially grown E. coli TGI cells, and grown on TYE plates
containing ampicillin (100 /ig/ml; Boehringer Mannheim. Indianapolis. IN)
and 1% glucose (Sigma Chemical Co.; Ref. 27).

The library was subjected to four rounds of rescue and selection, with the
first and third rounds performed on mAb TP41.2 F(ab')2 fragments-captured

HMW-MAA, and the second and fourth rounds performed on mAb TP61.5
immunoglobulin-captured HMW-MAA. After the fourth round of panning,

phages were used as such or. after 10 absorptions with cultured human B
lymphoid LG-2 cells, were used to remove phages binding to antigens shared
by human cells. Absorptions were performed by adding a 2-/nl aliquot of the
phage library to a suspension of LG-2 cells ( 1 x 106 cells/50 Â¿ilof RPMI 1640
supplemented with 10% serum plus). After a 1-h absorption at 4Â°C,the cell
suspension was centrifuged at 1500 X g for 10 min at 4Â°C,and the phage
suspension was harvested and absorbed with packed LG-2 cells (1 X IO6).

Unabsorbed phages or phages after absorptions with LG-2 cells were used to

infect E. coli host TGI cells and grown on TYE plates containing ampicillin
(100 /ig/ml) and 1% glucose to obtain single colonies.

Preparation of Phage-displayed and Soluble scFvs. Phage-displayed
scFvs were produced from individual ampicillin-resistant colonies by rescue
with helper phage VCS-M13 (25). Soluble scFvs were produced from indi
vidual ampicillin-resistant colonies by induction with isopropyl-1-thio-ÃŸ-D-
galactopyranoside (28). Alternatively, scFvs were harvested from the periplas-

mic space (periplasmic preparation) of individual colonies (29).
Binding Assays. To test the reactivity of phage-displayed and soluble

scFvs with captured antigen and with cells, the ELISA was performed in
96-well, flexible, U-bottomed microtiter plates (Titertek. Huntsville, AL) and
in 96-well tissue culture plates (Falcon 3072. Becton Dickinson, Lincoln Park.
NJ), respectively. Supernatants of bacterial cultures (100 /j.1)containing phage-
displayed scFvs were incubated for 2 h with cells (2 X IO5 cells/50 Â¡Â¿\of

PBS-2% BSA) or with antigens bound to mAb-coated plates. Reactivity was
detected by incubating the plates with peroxidase-conjugated sheep anti-Mi3

antibodies for an additional hour. Soluble scFvs (50 n\ of supernatant from
isopropyl-1-thio-ÃŸ-D-galactopyranoside-induced bacterial culture or periplas
mic preparations) were mixed with an equal volume of biotinylated anti-c-myc
mAb 9E10 (4 /Â¿g/ml)in PBS-2% BSA. At the end of a 1-h incubation, the
precomplexed mixture was added to the cells (2 X IO5 cells/50 /^l) or to wells

coated with mAb-captured antigens, and incubation continued for an additional
2 h. The binding of scFvs was detected by SA-HRP (Pierce Chemical Co.)
using o-phenylenediamine (Sigma Chemical Co.)-H2O2 as a substrate. Incu
bations for cell ELISA and captured antigen ELISA were performed at 4Â°Cand

at room temperature, respectively. Washings between steps were carried out
with PBS-0.5% BSA in cell ELISA and with PBS-0.05% Tween 20 in the

captured antigen ELISA. Results are expressed as the absorbance read at 490
nm in an ELISA reader (Bio-Tek Instruments, Inc., Winooski. VT).

Determination of VH Gene Family and CDR3 Length of scFvs. The VH
gene family used by scFvs was determined by colony hybridization (23) using
phosphorylated family-specific oligonucleotide probes (25). The CDR3 length

of scFvs was determined as described previously (22). Briefly, the CDR3
amplified by PCR from phages using y-32P-labeled CDRFOR and CDRBACK

primers was electrophoresed in a denaturing 7.6 M urea-8% polyacrylamide

gel. The size of the amplified CDR3 from individual clones was determined by
comparison with a ladder of CDR3 lengths obtained by amplification of the
polyclonal phage library.

Determination of the Nucleotide Sequence of VH Segments. The se
quence of VH segments of scFvs was determined by the dideoxy chain
termination method (30). DNA templates for sequencing were prepared by
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PCR amplification of scFv inserts from selected clones using primers LMB3
and LINKSEQ (24). Amplification consisted of an initial denaturation of the
template at 95Â°Cfor 5 min followed by 30 cycles at 94Â°Cfor 1 min, at 55Â°C
for 1 min. and at 72Â°Cfor 2 min with a final extension step at 72Â°Cfor 15 min.

PCR products were purified with the Geneclean II kit (BIO 101, Inc., Vista,
CA) and cycle-sequenced (Cyclist Exo~ pfu DNA sequencing kit; Stratagene)

using the phosphorylated primer LINKSEQ. VH genes were assigned to a
germ-line segment using the antibody database VBASE (31).

Immunoprecipitation and SDS-PAGE. Cells were labeled with I25I
(Na'25I; Amersham Corp.) by the lactoperoxidase method (32) or with
[35S]methionine (Trans-35S-label; ICN Biochemicals, Costa Mesa, CA; Ref.

17) in the presence of the monovalent ionophore monensin (Calbiochem, La
Jolla, CA) and solubilized in 1% NP40-containing lysis buffer. Immunopre

cipitation was performed following the methodology described previously (12)
with the following modifications. Periplasmic preparations of soluble scFvs
(200 fil) were immobilized on PAS CL-4B (Sigma Chemical Co.) by five
sequential incubations for l h at 4Â°Cwith a 100 jtd of a 10% suspension of PAS

beads coated sequentially with 10 ÃŸgof RAM IgG (H + L) antibodies and 10
/xg of anti-c-myc mouse mAb 9E10. Similarly, mouse mAbs (10 /xg) were

immobilized on 100 jul of a 10% suspension of PAS beads precoated with 10
/Â¿gof RAM IgG (H+L) antibodies. After preclearing, labeled cell lysates
(2 X IO7 cpm) were incubated for 2 h at 4Â°Cwith insolubilized antibodies.

Immunoprecipitates were separated by centrifugation. washed, and heated at
100Â°Cfor 5 min in 5% (v/v) 2-mercaptoethanol-containing sample buffer

before electrophoresis in an 8% polyacrylamide gel in the presence of SDS
(33). Gels containing [!5S]methionine-labeled samples were fixed, incubated

for 30 min in Enlightening (DuPont. Wilmington, DE), dried, and fluoro-
graphed at -70Â°C using Kodak XAR-5 film (Eastman Kodak Co., Rochester.

NY). Gels containing I25l-labeled samples were dried and autoradiographed at
-70Â°C using Kodak XAR-5 film.

Immunoperoxidase Staining. Four-/itm-thick, acetone-fixed, frozen, and
formalin-fixed tissue sections were incubated with PBS-2% BSA for 30 min at
room temperature, followed by an overnight incubation at 4Â°Cwith a precom-

plexed mixture of soluble scFvs and biotinylated anti-c-myc mAb 9E10. After

three washes in PBS, tissue sections were incubated with a 1:2000 dilution of
SA-HRP for l h at room temperature. The enzymatic activity was detected

using diaminobenzidine and H2O2 as a substrate. Indirect immunoperoxidase
staining of acetone-fixed frozen tissue sections with anti-HMW-MAA mAb

763.74 was performed as described previously (34) using the Vectastain ABC
kit according to the manufacturer's instructions.

RESULTS

Isolation of scFvs from a Synthetic scFv Library by Panning on
the HMW-MAA. To isolate the human HMW-MAA-binding scFvs,
synthetic scFv library 1 (22), comprising a repertoire of >1 X IO8

binding specificities, was subjected to four rounds of panning and
enrichment on the human HMW-MAA. Because the HMW-MAA was

unavailable in a purified form, the antigen was isolated from a Colo
38 melanoma cell lysate by binding to mouse anti-HMW-MAA mAb-

coated immunotubes. Alternate rounds of panning were performed on
the HMW-MAA captured by mAbs TP41.2 and TP61.5 to enrich

phages reacting with the antigen and to minimize the enrichment of
phage-displayed scFvs that recognize determinants expressed on the

capturing mouse mAbs.
After four rounds of panning, which resulted in an approximately

150-fold amplification of the phage library (Table 1), soluble scFvs

were produced from 400 individual clones and screened for reactivity

Table 1 Enrichment of HMW-MAA-binding phage a from synthetic scFv library ( /)

Panninground1234No. ofphagesPanning
withTP41TP61TP41TP6I.2

F(ab'), + Colo 38lysate.5
Ig" + Colo 38lysate.2

F(ab'.5

Ig +)2
+ Colo 38lysateColo

38 lysate(tu/ml)45g6XXXXIO6IO6IO7IO8
' Ig, immunoglobulin.

in ELISA with HMW-MAA-bearing Colo 38 melanoma cells. The

latter were used for screening because this would allow the isolation
of scFvs reacting with cell surface-expressed determinants of the
HMW-MAA. Cultured human B lymphoid LG-2 cells, which do not
express HMW-MAA. were used as a specificity control. Twenty of

400 randomly isolated clones reacted selectively with Colo 38 mela
noma cells, and ~5% of the clones reacted with both Colo 38
melanoma cells and LG-2 B lymphoid cells. Approximately 90% of

the clones reacted with neither cell line. No clone was identified that
reacted with LG-2 cells but not with Colo 38 cells. Absorption with B
lymphoid LG-2 cells of phages from the fourth round of panning was

performed to determine whether the percentage of clones reacting
with Colo 38 melanoma cells could be increased. No significant
change in the percentage of positive clones was observed, indicating
that absorptions with lymphoid cells did not enrich for phages reacting
with Colo 38 melanoma cells.

Serological Analysis of the Specificity of scFvs Isolated by
Panning on HMW-MAA. To determine the reactivity of scFvs iso
lated from the phage display library with HMW-MAA, the 20 scFvs
that displayed differential reactivity with Colo 38 and LG-2 cells were
tested in both the soluble and phage-displayed forms for binding to
mouse mAb-captured HMW-MAA. HLA class I antigens captured
from a LG-2 B lymphoid cell lysate by binding to mAb TP25.99-

coated microtiter plates as well as capturing mouse mAbs TP61.5,
TP41.2, and TP25.99 were used as controls. All clones specifically
bound the captured HMW-MAA. Data obtained with scFv 19, 44, 56,

and 61 are shown in Fig. 1. These four scFvs were selected because
they showed diversity in their CDR3, as described in a later section of
this study. scFv 119, obtained by panning synthetic scFv library 1 on
anti-id mAb MK2-23. served as a negative control.

Diversity of the HMW-MAA-binding scFv Clones. The diver
sity of the HMW-MAA-binding scFv clones was determined by

screening the 20 positive clones for the VH gene family and CDR3
length. Data from colony hybridization studies revealed that all clones
used VH gene segments from the VH3 family, which is well repre
sented in synthetic scFv library 1 (23). Of the 20 positive clones,
scFvs 1, 10, and 9 had a CDR3 length of five, six, and eight amino
acids, respectively.

DNA sequences of the VH region were determined for scFv 56 with
a CDR3 length of five amino acids; for scFv 19 and 44, each with a
CDR3 length of six amino acids; and for scFv 45 and 61, each with
a CDR3 length of eight amino acids. The deduced amino acid se
quences of the CDR3 of the five scFvs are shown in Table 2. The two
eight-residue-long CDR3s had identical amino acid sequences; the
two six-residue-long CDR3 had different amino acid sequences. Com
parison of the amino acid sequence of the CDR3 of the five HMW-
MAA-binding scFvs showed that all of them shared an arginine

residue at the fifth position and a hydrophilic and a hydrophobic
amino acid residue at the second and fourth position, respectively.
Three scFvs had a glycine residue at the first position. scFv 19 and 44,
each of which had a six-amino acid-long CDR3, shared three of six

amino acid residues.
The germ-line origin of the V,, segment used by the five scFvs was

determined by comparing the amino acid sequence of their CDR1 and
CDR2 with germ-line sequences provided in the VBASE antibody
database (31). All five scFvs used the DP-38 heavy chain VH gene

segment.
Reactivity of HMW-MAA-binding scFvs with Cultured Cell

Lines. scFv 19, 44, 56, and 61 were further tested with a panel of
human cell lines (Fig. 2). Both periplasmic preparations of soluble
scFvs and phage-displayed scFvs reacted with the HMW-MAA-bear
ing cultured human melanoma cell lines Colo 38, FO-1, Melur, and
SK-MEL-28 but did not react with the cultured human melanoma cell
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Fig. I. Specific reactivity of soluble and phage-displayed scFvs from clones 19,44, 56, and 61 with HMW-MAA-expressing Colo 38 cells and the HMW-MAA captured from Colo

38 cell lysate by mouse mAbs TP61.5- and TP41.2-coated plates. Soluble (A) and phage-displayed (ÃŸ)scFv 19. 44. 56, and 61 were tested in ELISA with human melanoma Colo 38
cells Ilia) and HMW-MAA captured by niAb TP61.5-coated (H) and TP41.2-coated (@) plates. Cultured human B lymphoid LG-2 cells, which do not express HMW-MAA O, HLA
class I antigens captured from a LG-2 cell lysate by a mAb TP25.99-coated plate (â€¢).and scFv 119 isolated from synthetic scFv library 1 by punning on anti-idiotypic mAh MK2-23
were used as specificity controls.

line S-5, which does not express the determinants recognized by a
panel of mouse anti-HMW-MAA mAbs. Furthermore, the scFvs did
not react with cultured human lymphoid Daudi, LG-2, and MOLT-4
cells; cultured human ovarian carcinoma SK-OV-4 cells; or human
fibroblasts, none of which express the HMW-MAA. Anti-HLA class
II mAb LGII-612.14 was used as a positive control for human lymph
oid Daudi cells, whereas anti-HLA class I mAb TP25.99 was used as

a positive control for all of the remaining human cell lines tested. scFv
119, obtained by panning synthetic library 1 on anti-id mAb MK2-23,

was used as a negative control. The reactivity of soluble scFvs with
HMW-MAA-bearing cell lines seemed to be higher than that of
phage-displayed forms. The reactivity of soluble scFv 61 with Colo 38
melanoma cells was comparable to that of mouse anti-HMW-MAA

mAb 763.74 (data not shown). In contrast, the reactivity of soluble
scFv 61 with FO-1, Melur, and SK-MEL-28 melanoma cells was

lower than that of mAb 763.74 (data not shown). The distinct reac
tivity patterns of the human scFvs and mouse mAbs are likely to

Table 2 Deduced amino adii sequence of Vfj-CDKJ uf HMW-MAA-bintling scFv

fragments

scFv CDR3 length VH-CDR3

19
44
56
61

6 amino acids
6 amino acids
5 amino acids
8 amino acids

GTSIRD"

GSSMRT
GKAFR
MRYNRSVG

" The amino acid arginine (R) is present at position 5 in the CDR3 of the four scFv

fragments.

reflect a difference in distribution of the corresponding epitopes on the
HMW-MAA expressed by the human melanoma cell lines tested.

Because earlier reports have demonstrated cross-reactivity of some
mouse antihuman HMW-MAA mAbs with xenogeneic melanoma cell
lines (35), we tested soluble (periplasmic preparations) and phage-

displayed scFv 19, 44, 56, and 61 with guinea pig melanoma cell line
GP-5, mouse melanoma cell line B16, and rat neural cell line B49

expressing the CSP NG2 (Fig. 3). For comparison purposes, the
reactivity of these cell lines with the mouse anti-HMW-MAA mAbs

149.53, 225.28, 763.74, and TP41.2 was also tested. All of the
anti-HMW-MAA scFvs tested displayed a higher reactivity with rat

neural B49 cells than with mouse melanoma B16 cells and with
guinea pig melanoma GP-5 cells (Fig. 3). The reverse was found for
mouse anti-HMW-MAA mAbs 149.53 and 225.28, which were the
only mouse mAbs to cross-react with xenogeneic cells (data not

shown).
Immunochemical Analysis of the Specificity of HMW-MAA-

binding scFvs. To characterize the molecular profile of the antigens
recognized by scFvs, components immunoprecipitated by HMW-
MAA-binding scFvs from 125I-surface-labeled Colo 38 melanoma cell

lysate were analyzed by SDS-PAGE and compared with those immu
noprecipitated by mouse anti-HMW-MAA mAb 763.74. scFv 19 and
61 immunoprecipitated a >450-kDa component, whereas mAb
763.74 immunoprecipitated the characteristic 250-kDa core glycopro-
tein and the >450-kDa CSP subunit of the HMW-MAA. No compo
nent was detected in immunoprecipitates from LG-2 B lymphoid cells
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Fig. 2. Comparison of the reactivity patterns of soluble
and phage-displayed scFvs with a panel of cultured hu
man cell lines. Soluble (A) and phage-displayed (B) scFv

19 m). 44 (D). 56 (â€¢).and 61 (HI were tested in ELISA
with cultured human melanoma Colo 38, FO-1. Melur,
and SK-MEL-28 cells (all of which express the HMW-
MAA) and with cultured human melanoma S-5 cells,
cultured human B lymphoid Daudi and LG-2 cells, cul
tured human T lymphoid MOLT-4 cells, cultured human
ovarian carcinoma SK-OV-4 cells, and cultured human
fibroblasts (none of which express HMW-MAA). scFv

119 isolated from synthetic scFv library 1 by panning on
anti-id mAb MK2-23 (â€¢)was used as a specificity con

trol.
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with scFvs and mAb 763.74. Similarly, no component was immuno-
precipitated by scFv 119 from Colo 38 melanoma cells and LG-2 B

lymphoid cells. A representative electrophoretic profile of compo
nents immunoprecipitated by scFv 61 and mouse anti-HMW-MAA

mAb 763.74 is shown in Fig. 4.
Sequential immunodepletion experiments were then performed to

investigate the structural relationship between the components immu
noprecipitated by scFv 61 and mAb 763.74 from radiolabeled Colo 38
melanoma cell lysates. Immunodepletion with scFv 61 of a Colo 38
melanoma cell lysate removed â€”¿�70%of the >450-kDa CSP compo

nent immunoprecipitated by mAb 763.74 but caused no detectable
change in the level of the 250-kDa core glycoprotein component (Fig.

5/4). The immunodepletion is specific, because scFv 61 did not affect
the level of the 100-kDa MAA immunoprecipitated by mAb 376.96

from a Colo 38 melanoma cell lysate. Immunodepletion of a Colo 38

melanoma cell lysate with mAb 763.74 (Fig. 5B) removed ~54% of
the >450-kDa component immunoprecipitated by scFv 61. The im

munodepletion is specific, because mAb 376.96 did not affect the
level of the >450-kDa CSP component immunoprecipitated by scFv

61. These findings indicate that: (a) the determinant recognized by
scFv 61 and that recognized by mAb 763.74 have a heterogeneous
distribution on the >450-kDa CSP component of the HMW-MAA,

and only a subpopulation of the latter express both determinants; (b)
the determinant recognized by scFv 61 has a broader distribution on
the >450-kDa component of the HMW-MAA than that defined by
mouse mAb 763.74; and (c) the >450-kDa subpopulation does not
seem to be associated with the 250-kDa component of the HMW-

MAA.
Additional evidence that the >450-kDa moiety recognized by scFv

61 is indeed the CSP component of the HMW-MAA was provided by
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Pig. 3. Reactivity of soluble and phage-displayed scFvs with xenogencic cell lines. Soluble (A) and phage-displayed IÃŸ)scFv 19 (^). 44 (D). 56 (B). and 61 (E3i were tested in
ELISA with cultured human melanoma Colo 38 cells, cultured mouse melanoma B16 cells, cultured guinea pig melanoma GP-5 cells, cultured rat neural B49 cells, and cultured human
B lymphoid LG-2 cells. scFv 119 isolated from synthetic scFv library I by panning on anti-id mAh MK2-23 (â€¢)was used as a negative control.

analyzing the reactivity of scFv 61 with the HMW-MAA synthesized

by melanoma cells in the presence of the monovalent ionophore
monensin. The latter inhibits the cell surface expression and intracel-
lular transport of membrane glycoproteins and biosynthesis of pro-
teoglycans (36). As shown in Fig. 6. SDS-PAGE analysis of the
antigens immunoprecipitated from [isS]methionine-labeled Colo 38

melanoma cells by scFv 61 and by mAb 763.74 showed an electro-
phoretic profile similar to that observed with I25l-surface-labeled

cells. When cells treated with increasing concentrations of monensin
were used as an antigen source, there was a gradual reduction in the
level of the >450-kDa CSP component immunoprecipitated by scFv

61 and by mAb 763.74. Additionally, in the immunoprecipitates with
mAb 763.74, there was an increase in the level of the 250-kDa
component, followed by the appearance of the Endoglycosidase H-
sensitive 240-kDa precursor component (37). In contrast, neither the
250-kDa core glycoprotein nor the 240-kDa precursor component was

detected in the immunoprecipitates with scFv 61. Thus, the human
scFvs seem to have a unique pattern of reactivity with the HMW-

MAA.
Reactivity of scFv 61 with Surgically Removed Melanoma Le

sions. scFv 61 was tested for its ability to stain surgically removed
primary and metastatic melanoma lesions, nevus pigmented lesions,
and SCC, BCC, and SK lesions: the staining pattern was compared to
that of mouse anti-HMW-MAA mAb 763.74. Whereas scFv 61
stained both frozen and formalin-fixed tissue sections (Fig. 7), mAb

763.74 stained only frozen tissue sections. scFv 61 stained 7 of 15
primary and 4 of 8 metastatic melanoma lesions, whereas anti-HMW-

MAA mAb 763.74 stained 11 primary and 7 metastatic lesions. All of
the melanoma lesions stained by scFv 61 were also stained by mAb
763.74. scFv 61 stained melanoma cell membranes in the lesions. In

addition, scFv 61 stained the surrounding membrane of melanoma
nests, the interstitial substance of tumor nests, blood vessels, and the
sheath of eccrine glands, whereas anti-HMW-MAA mAb 763.74

stained only part of the blood vessels. Furthermore, of the 13 lesions
tested. scFv 61 and mAb 763.74 stained 11 and 12 nevus pigmented
lesions, respectively. scFv 61 did not stain BCC lesions, whereas mAb
763.74 stained three of four BCC lesions. Neither scFv 61 nor mAb
763.74 stained SCC or SK lesions.

DISCUSSION

In the present study, we report the isolation and characterization of
human anti-HMW-MAA scFvs by panning synthetic phage display
library 1 on the HMW-MAA purified from melanoma cell lysates
using mouse anti-HMW-MAA mAbs. The human scFvs share several
features with mouse anti-HMW-MAA mAbs but also display some

distinct characteristics. Like their mouse counterparts, the human
scFvs react selectively with the HMW-MAA-expressing melanoma
cell lines and with purified HMW-MAA in binding assays. Further

more, human scFvs stain surgically removed lesions of melanocytic
origin in a pattern similar to that obtained with mouse anti-HMW-

MAA mAb 763.74. and they recognize antigenic determinants that
display a heterogeneous cellular and molecular distribution that may
be shared with xenogeneic cells.

However, at variance with the mouse mAb, the human scFvs
analyzed recognize antigenic determinants that are expressed only on
the >450-kDa CSP subunit of the HMW-MAA. The latter conclusion
is supported by two lines of evidence: (Â«)the human scFvs immuno-

precipitate no component from a lysate prepared from melanoma cells
radiolabeled in the presence of the monovalent ionophore monensin.
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Immunoprecipitated with

205 kDâ€”

120 kDâ€”¿�

85 kD â€”¿�

47 kDâ€”

Colo 38 LG-2

Fig. 4. SDS-PAGE analysis of antigens immunoprecipitated by scFv 61 and by mouse
anti-HMW-MAA mAb 763.74 from 125I-surface-labeled cultured human melanoma cell
line Colo 38. A 1% NP40 extract of I25l-labeled human melanoma Colo 38 cells (Lanes

1-5} and of cultured human B lymphoid LG-2 cells Â¡Lanes6-10} was immunoprecipi

tated with scFv 61 (Lanes 4 and 9) and with mAb 763.74 (Lanes I and 6). Antigens were
eluted and analy/ed by SDS-PAGE in an 8<7rpolyacrylamide gel. Gels were autoradio
graphed for 1 day at -70Â°C. Anli-HLA class I mAb TP25.99 (Unies 2 and 71. anli-id mAb

MK2-23 (Lanes j and #). and scFv 119 isolated from synthetic scFv library 1 by panning
on anti-id mAb MK2-23 (Lanes 5 and 10} were used as controls. kD. molecular weight in

thousands.

The latter inhibits the cell surface expression and intracellular trans
port of membrane glycoproteins and the biosynthesis of proteoglycans
(36); and (b) in sequential immunoprecipitation experiments, the
intensity of the component immunoprecipitated by scFv 61 was de
creased when the antigen source was a melanoma cell extract immu
nodepleted with mouse anti-HMW-MAA mAb 763.74. Conversely,

immunodepletion of a melanoma cell extract with scFv 61 partially
immunodepleted the >450-kDa CSP component recognized by mAb
763.74 but caused no significant change in the intensity of the 250-

kDa component. Thus, these data, in contrast to what had been
suggested previously by several investigators including ourselves
(37-40), indicate that the two subunits of the HMW-MAA are not

associated, unless one argues that the binding of the scFvs to the
HMW-MAA causes dissociation of the two subunits. The latter phe

nomenon has been described previously in the HLA class I antigen
system by Nakamuro et al. (41), who demonstrated the dissociation of
the two subunits of the HLA class I complex by a rabbit antihuman
ÃŸ-,-/Aserum. To the best of our knowledge, no mouse mAb has been
described that reacts with only the >450-kDa CSP subunit of the
HMW-MAA. Whether this finding reflects the lack of immunogenic-
ity in mice of the antigenic determinants recognized by human anti-
HMW-MAA scFvs on the >450-kDa CSP subunit cannot be assessed

at present. We cannot exclude the possibility that these mAbs were
developed but not classified as anti-HMW-MAA mAbs, because the

electrophoretic profile of the immunoprecipitated components was
different from the one typically observed for the HMW-MAA.

The antigenic determinants recognized by human scFvs display a
heterogeneous distribution on melanoma cell lines and on the pool of
HMW-MAA- bearing molecules synthesized by a melanoma cell line.

Whether this heterogeneity reflects quantitative or qualitative differ
ences in the expression of antigenic determinants defined by human
scFvs is not known. Whatever the mechanism, these findings parallel
previous results obtained by analyzing the distribution of determinants

recognized by mouse anti-HMW-MAA mAbs on the HMW-MAA

expressed by human melanoma cell lines and in surgically removed
melanoma lesions (34). Furthermore, heterogeneity has also been
described for determinants recognized by human scFvs on human
tumor suppressor protein p53 (22) and on the very low density
lipoprotein (42) and has been suggested for determinants recognized
by human Fab fragments on the HIV-regulatory proteins rev and tat

(43).
The previously described cross-reactivity of some mouse anti-

HMW-MAA mAbs with the HMW-MAA expressed by xenogeneic

melanoma cell lines (35) has prompted us to analyze the reactivity
of human anti-HMW-MAA scFvs with xenogeneic cells. The hu
man scFvs showed no cross-reactivity with guinea pig melanoma

cells and showed poor reactivity with mouse melanoma cells.

(A) Immunodepleted with

I scFv # 61 ,â€”scFv# 119-

(B) ImmunodepletedÂ»nthmAb

I 7S174â€¢¿�

f <f fc JP 5* 9T IF sv>fs&sfsy
Immunoprecipitated with

A*1 <*> feS â€¢¿�?\* Â«* faK -Ã•

<OT&WÂ«5*>>,/ Â¿f
Immunoprecipitated with

Fig. 5. Structural relationship between molecules immunoprecipiiated by scFv 61 and
those immunoprecipitated by mouse anli-HMW-MAA mAh 763.74 from cultured human
melanoma Colo 38 cells. A \ca NP40 extract of 125I-labeled human melanoma Colo 38

cells was immunodeplcted with scFv 61 (A, Lanes 1-4) and with inAb 763.74 (B, Limes
1-4). Immunodepletions with scFv 119 isolated from synthetic scFv library 1 by panning
on anti-id mAb MK2-23 (A, Lanes 5-8) and with anti-IOO-kDa MAA mAh 376.96 (B,
Limes 5-rÂ»)were used as controls. Each immunodepleted extract was imrnunoprecipitated

with insolubili/ed scFv 61 (Lanes 3 and 7) and with mAb 763.74 (Lanes i and 5).
Antigens were eluted and analy/ed by SDS-PAGE in an 87r polyacrylamide gel. Gels
were autoradiographed for 1 day at -70Â°C. Immunoprccipitutions with anli-I(H)-kDu

MAA mAb 376.96 (Lanes 2 and 6) and with scFv 119 isolated from synthetic scFv library
I by panning on anli-id mAb MK2-23 (Lanes 4 and 8) were used as controls. kD,
molecular weight in thousands.

Immunoprecipitated with

.74râ€”mAD/bo./4â€”i iâ€” -scFv#61
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205 kD â€”¿�

120 kD â€”¿�

Fig. 6. Effect of monensin treatment of melanoma cells on the reactivity of scFv 61 and
mAb 763.74 with HMW-MAA. Melanoma Colo 38 cells were exposed for 18 h to
increasing concentrations of monensin, an inhibitor of proteoglycan synthesis. Control
cells (Lanes I and X) and cells exposed to 0.001 pM (Lanes 2 and 9). 0.01 Â¿iM(Lanes 3
and 10}. 0.1 ^M (Lanes 4 and //(, 1 pM (Lanes 5 and 12}. IO Â¡m(Lanes f>and 13}, and
20 /ÃŒM(Lanes 7 and 14} monensin were then labeled with | '\S|meIhioninc in the presence

of monensin for an additional 18 h. Cells were then solubili/.ed in \% NP40-containing
lysis buffer and immunoprecipitated with mAb 763.74 (Lanes 1-7} and with soluble scFv
61 (Lanes 8-14}. Antigens were eluted and analyzed by SDS-PAGE in an 8% polyacryl
amide gel. Gels were autoradiographed for 2 days at -70Â°C. kD. molecular weigh! in

thousands.
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Fig. 7. Immunoperoxida.se staining of surgically
removed melanoma lesions with anti-HMW-MAA

human scFv 61. Paraffin sections of primary (A and
if) and metastatic (C and D) melanoma lesions were
stained with anti-HMW-MAA scFv 61 (A and C) in
an avidin-biotin complexed immunoperoxidase reac
tion. Positive staining is localized to the cell mem
branes and cytoplasm of melanoma cells (arrows).
Staining with scFv 119 (B and DÃ¬isolated from
synthetic scFv library 1 by panning on anti-id mAb
MK2-23 was used as a specificity control. X120 for
primary lesions; xlOO for metastatic lesions.

However, human scFvs cross-reacted with rat neuronal tumor cells
that express NG2. Like the HMW-MAA, NG2 is a proteoglycan

molecule with a core glycoprotein of 300 kDa (44). The amino acid
sequence of the HMW-MAA shows 81 % homology to that of NG2,

with most of the identity restricted to the first two structural
domains of the molecules (45). Taken together, these data suggest
that the epitope identified by the human scFvs involves the CSP
molecules and is located in the first two structural domains of the
HMW-MAA.

A comparison of the immunostaining pattern of benign and
malignant lesions of melanocytic origin with scFv 61 and mouse
anti-HMW-MAA mAb 763.74 has shown that the latter is ex

pressed in a higher percentage of primary and metastatic lesions
than the former. The antigenic determinant recognized by scFv 61
was detected in about 50% of both primary and metastatic lesions.
Immunostaining of a large number of lesions, combined with
information about their histopathological characteristics and about
the clinical parameters of the disease, will determine the clinical
significance of the determinant recognized by scFv 61. These
investigations will be facilitated by the reactivity of scFv 61 with
formalin-fixed, paraffin-embedded melanoma lesions, because it

will provide the opportunity to perform retrospective studies using
collections of formalin-fixed lesions.

The diversity of the antibody population isolated by panning the
synthetic library on the HMW-MAA seems to be limited, because

essentially only four diverse scFvs were isolated, as indicated by
the different amino acid sequences of CDR3. All of the selected
scFvs, however, belong to the VH3 gene family and use the
germ-line gene DP-38. Whether the limited diversity of the iso

lated scFvs reflects a bias occurring because of the selection
method used and/or mirrors an in vivo selection process represent
ative of antibody repertoires in patients with malignant melanoma
remains to be determined.

To the best of our knowledge, only Cai and Garen (46, 47) and
Pereira et al. (48) have reported the isolation of human anti-MAA

scFv and Fab fragments by panning phage display antibody libraries
on cultured human melanoma cells. In both investigations, the librar
ies were constructed from B lymphocytes taken from patients with

malignant melanoma who had been immunized with cytokine gene-
transduced melanoma cells (46) or a vaccinia virus melanoma onco-

lysate (48). Both groups of investigators have described the reactivity
patterns of the antibody fragments in binding assays with cell lines in
long-term culture and with a limited number of surgically removed

malignant lesions and normal tissues. The specificity of these anti
body fragments cannot be compared with that of the ones we have
isolated, because no information is available about the molecular
profile of the corresponding antigens.

Two aspects of the methodology that we have used are noteworthy.
The panning strategy that we have used, which is similar to that
described by Sanna et al. (49), obviates the need to use purified
antigens for panning. It is noteworthy that the yield of clones reacting
with the membrane-bound HMW-MAA is relatively low. This finding

may reflect the selection of scFvs that recognize determinants ex
pressed on the captured HMW-MAA but not on the cell membrane-
bound HMW-MAA because of differences in conformation. Alterna
tively, but not exclusively, the isolated HMW-MAA-binding scFvs

may recognize determinants expressed on the transmembrane or on
the intracytoplasmic domain of the HMW-MAA. The panning strat

egy that we have used may preferentially amplify nonspecific clones
or clones reacting with the immobilized mAbs used for capturing the
HMW-MAA. A second aspect of our methodology is the preincuba-
tion of the soluble scFvs with anti-c-myc mAb 9E10 before their

incubation with cells and target antigens. This procedure markedly
increases the reactivity of the scFvs with the HMW-MAA, probably

because of the multimerization by mAb 9E10 of the soluble scFvs via
their c-myc tag.

In conclusion, the human scFvs we have isolated by panning the
synthetic phage display library on purified HMW-MAA have pro
vided novel information about the structural profile of the HMW-
MAA. Future studies will determine whether these in v/Ãra-assem-

bled antibody fragments identify antigenic determinants of the
HMW-MAA recognized by the human immune system. This in

formation represents a useful background to design a strategy to
enhance the immunogenicity of the HMW-MAA in patients with

melanoma.
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