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ABSTRACT ARTICLE HISTORY
Disadvantages of using murine monoclonal antibodies (mAb) in human therapy, such as immu- Received 8 February 2023
nogenicity response, led to the development of technologies to transform murine antibodies into ~ Revised 23 May 2023
human antibodies. The murine anti-FGF2 3F12E7 mAb was proposed as a promising agent to treat Accepted 25 May 2023
metastatic melanoma tumors; once it blocks the FGF2, responsible for playing a role in tumor KEYWORDS

growth, angiogenesis, and metastasis. Considering the therapeutic potential of anti-FGF2 3F12E7 Antibody humanization;
mAb and its limited use in humans due to its origin, we used this antibody as the template for fibroblast growth factor 2;
a guided selection humanization technique to obtain human anti-FGF2 mAbs. Three Fab libraries fragment antigen-binding;
(murine, hybrid, and human) were constructed for humanization. The libraries were phage- guided selection; phage
displayed, and the panning was performed against recombinant human FGF2 (rFGF2). The display

selected human variable light and heavy chains were cloned into AbVec vectors for full-length

IgG expression into HEK293-F cells. Surface plasmon resonance analyses showed binding to rFGF2

of seven mAbs out of 20 expressed. Assays performed with these mAbs resulted in two that

showed proliferation reduction and cell migration attenuation of HUVEC and SK-Mel-28 mela-

noma cells. In-silico analyses predicted that these two human anti-FGF2 mAbs interact with FGF2

at a similar patch of residues than the chimeric anti-FGF2 antibody, comprehending a region

within the heparin-binding domains of FGF2, essential for its function. These results are compar-

able to those achieved by the murine anti-FGF2 3F12E7 mAb and showed success in the

humanization process and selection of two human mAbs with the potential to inhibit undesirable

FGF2 roles.

HIGHLIGHTS

® The guided selection humanization process enabled the production of 20
human mAbs anti-FGF2;

e Seven human anti-FGF2 mAbs showed binding to the rFGF2 antigen in
the SPR binding assay;

® Two human anti-FGF2 mAbs inhibited the proliferation and migration of
HUVEC and SK-Mel-28 cells and were predicted to contact the FGF2 at
a similar patch of residues than the original mAb.

Introduction

Hybridoma technology introduced in 1975 proved to
be an efficient method to generate murine monoclonal
antibodies (mAb) [1], and about 10 years later,
a murine anti-CD3 mAb (Muromonab - Orthoclone

OKT3) was the first therapeutic antibody approved by
FDA [2]. However, despite the success of the hybri-
doma technology in selecting mAbs with high affinity
and specificity, there are limitations to the use of non-
human antibodies for therapeutic application due to

CONTACT Ana Maria Moro @ ana.moro@butantan.gov.br @ Laboratory of Biopharmaceuticals, Butantan Institute, Sdo Paulo, Brazil

*Graduate Immunology Program, University of S'ao Paulo. Present affiliation: 1. Rutgers Cancer Institute of New Jersey, Newark, NJ 07101, USA; 2. Division of
Cancer Biology, Department of Radiation Oncology, Rutgers New Jersey Medical School, Newark, NJ 07103, USA.
@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/21655979.2023.2252667

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://orcid.org/0000-0001-7099-060X
http://orcid.org/0000-0003-2812-5887
http://orcid.org/0000-0001-9647-7687
http://orcid.org/0000-0002-0650-7764
https://doi.org/10.1080/21655979.2023.2252667
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21655979.2023.2252667&domain=pdf&date_stamp=2023-09-02

520 e C. G. MAGALHAES ET AL.

the induction of an immunogenic response [3] and
adverse effects [4] resulting in loss of efficacy and poor
pharmacokinetic profiles [5].

In the past years, significant advances in anti-
body humanization technologies, together with
new methods to generate human antibodies, have
been effective as alternatives to obtaining thera-
peutic antibodies [6], and, to date, more than 120
antibodies have been approved by the FDA and/or
EMA [7]. Historically, the first approach to engi-
neering the antibodies and reducing their murine
content resulted in chimeric antibodies with the
murine antibody constant domains replaced by
human homologs (approximately 70% of human
content) [8]. This technique allows decreased
immunogenicity of the antibodies and preserva-
tion of the murine parental antibody specificity.
However, murine variable domains can still induce
the production of human anti-chimeric antibodies
(HACA) in approximately 40% of patients treated
with chimeric antibodies [3]. To further reduce the
murine content, humanized antibodies were gen-
erated [9], and the complementarity-determining
regions (CDR) grafting method was the first
humanization technique developed [10]. In this
technique, the murine sequences of the CDRs,
which mediate most of the interaction with the
antigen, are grafted into a human framework. It
is one of the most used antibody humanization
techniques; however, despite the initial success of
the CDR grafting method, most of the antibodies
produced by this technique showed a reduction in
antigen binding affinity compared to the murine
parental antibody, requiring back mutations for
the maintenance of some murine amino acids in
the framework to stabilize the antibody binding
structure [11,12].

Several other antibody humanization methods
were developed, focusing on the construction of
variants based on the murine antibody structure
and sequence analysis, substituting exposed resi-
dues on the surface of the antibodies (veneering)
[13], and selecting clones from combinatorial
libraries [14]. Combinatorial human antibody
libraries are constructed by amplifying light (LC)
and heavy (HC) chain genes from peripheral blood
lymphocytes, lymph nodes, spleen, or bone mar-
row [15] antibody fragments specific to a given
molecule can be performed using in vitro display

technologies. The phage display technology was
the first in vitro display platform developed by
presenting an exogenous peptide on the surface
of a filamentous bacteriophage (phage) [16] and
allows the selection of a fully human antibody
through entirely in vitro processes, independent
of the in vivo immune response; and, obtaining
mAbs against any antigen such as self-antigens,
toxic, unstable, and non-immunogenic [17].
Guided selection by phage display is a method to
obtain a fully human antibody using combinatorial
libraries by replacing the immunoglobulin genes of
any non-human parental antibody, which serves as
a template, with human immunoglobulin genes
using a human antibody library [18-24]. This
technique was used to generate the first fully
human antibody approved by the FDA in 2002,
the anti-TNF-a Humira (adalimumab) [19]. It is
a practical methodology for humanizing antibody
candidates with desired biological activity once it
allows the selection of fully human antibodies and
uses the target antigen in all selection steps to
obtain clones with affinity to the target [22].

In this work, we used the murine anti-FGF2
3F12E7 mAD generated by hybridoma technology
as a template for humanization through the guided
selection technique. The parental murine mAb
showed promising antitumor activity in strategic
experimental approaches, decreasing the vascular
tumor density and inhibiting tumor growth and
metastasis [25]. This antibody targets the fibroblast
growth factor 2 (FGF2), one of the first angiogenic
factors identified [26,27], that, besides being
enrolled in the regulation of angiogenesis, can act
as an oncogenic factor inducing tumor cell prolif-
eration and playing an essential role in cancer pro-
gression [28-30]. The overexpression of FGF2, and
excessive mitogenic FGF2/FGEFR signaling, are asso-
ciated with aggressive cancer phenotypes, correlate
with poor prognosis, and induce tumor angiogen-
esis, development of disorganized vasculature,
tumor growth, and metastases [28-33].

Considering the importance of FGF2 in tumor
progression and the limited therapeutic use of the
murine anti-FGF2 3F12E7 mAb in humans, we used
the sequential guided selection approach to obtain
human antibodies corresponding to the murine
anti-FGF2 3F12E7 mAb. Since hybridomas have
been shown to often contain multiple functional



and nonfunctional variable region genes [34,35],
a murine Fab library was first created from the
3F12E7 hybridoma and screened for recombinant
human FGF2 (rFGF2) binders. The lead Fab binder
was then used to create a hybrid human/murine Fab
library, and finally, the human library, all selected
against the rFGF2. Then, from the human antibo-
dies panel, we set two of them with properties of
proliferation reduction and migration attenuation
of human endothelial cells (HUVEC) and human
melanoma cells (SK-Mel-28), with similar results
obtained in vitro with the murine anti-FGF2
3F12E7 mAb.

Materials and methods
Mammalian cell culture

3F12E7 hybridoma cells secreting murine anti-FGF2
mAb [25] were cultured in RPMI-1640 medium
(Thermo Fisher Scientific, Catalog No. 11875119)
with 10% fetal bovine serum (FBS) (Cultilab,
Catalog No. F063) and 4 mM L-glutamine (Sigma-
Aldrich, Catalog No. G2150). Human Umbilical
Vein Endothelial Cell (HUVEC) (Lonza, Catalog
No. CC-2519) were grown in EBM-2 medium
(Lonza, Catalog No. CC-3156) supplemented with
the EGM-2 kit (Lonza, Catalog No. CC-4147).
Human melanoma cells SK-Mel-28 (ATCC, HTB-
72) were grown in DME-FI12 medium (Sigma-
Aldrich, Catalog No. D6421) with 10% FBS. These
cells were maintained at 37°C in 5% CO,. FreeStyle™
293-F HEK cells (Thermo Fisher Scientific, Catalog
No. R790-07) were cultured in FreeStyle™ 293F
medium (Thermo Fisher Scientific, Catalog
No. 12338-018) and maintained at 37°C with con-
stant stirring at 120 rpm and 8% CO,.

Construction of LC and Fd human libraries

LC and Fd (VH and first constant domain of the
HC) genes were amplified from c¢DNA pools
obtained from PBMC of 100 healthy donors
according to previously described [15,36]. All
donors signed informed consent forms by the
Human Ethics Committee of the Brazil Platform
(CAAE n° 43930115.6.0000.5467). The human LC
naive library containing the repertoire of kappa
and lambda families and the human Fd naive
library were both constructed in the pComb3X
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vector [15]. The size of each naive library (LC or
Fd) is 10 [7] clones.

Construction of combinatorial fragment
antigen-binding (Fab) libraries

Murine Fab library

The total RNA of 3F12E7 hybridoma cells was
extracted with TRIzol (Thermo Fisher Scientific,
Catalog No. 15596026). The cDNA was synthesized
using the SuperScript™ First-Strand Synthesis System
for RT-PCR (Thermo Fisher Scientific, Catalog
No. 11904018). Immunoglobulin LC and Fd genes
were amplified using specific primers for murine
immunoglobulins based on the Kabat database
[37]. The primers contain specific restriction sites
(Sacl and Xbal for the LC gene and Xhol and
Spel for the Fd gene) for cloning in the pComb3X
vector [15], licensed from The Scripps Research
Institute. The PCR amplification was conducted in
50 pL, containing 0.8 mM dNTPs, 1.25 U Tag DNA
polymerase (Thermo Fisher Scientific, Catalog
No. 10342178), 1.5mM MgCl,, PCR Buffer 1x
(Thermo Fisher Scientific, Catalog No. 10342178),
0.4 uM each primer and 2 pL ¢cDNA. The cycling
conditions were: initial melt at 94°C for 1 min fol-
lowed by 40 cycles of a three-step program (94°C, 1
min; 57°C, 1 min; 72°C, 1 min) and extension step at
72°C for 5min. The PCR products were analyzed
through 1.5% agarose gel, and the LC (or Fd) genes
were concentrated and purified by ethanol precipita-
tion to obtain the repertoire of LC and Fd genes. The
murine LC and Fd genes were subsequently cloned
into the pComb3X vector as described before
[38,39]. Briefly, LC genes and pComb3X vector
were double-digested with Sacl/Xbal restriction
enzymes (New England Biolabs, Catalog No.
R3156S and R0145S), purified using Wizard SV Gel
and PCR Clean-Up System kit (Promega, Catalog
No. A9281), and ligated at 23°C for 20 h with 2 U of
T4 DNA ligase (Thermo Fisher Scientific, Catalog
No. EL0011). The murine LC library and Fd genes
were double-digested with Spel/Xhol restriction
enzymes (New England Biolabs Inc, Catalog No.
R3133S and R0146S) and ligated as described above.

Hybrid Fab library
The human LC naive library and the selected murine
Fab clone were double-digested with Spel/Xhol. The
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human LC naive library and the murine Fd gene were
purified from 1% agarose gel and ligated to generate
the hybrid combinatorial Fab library.

Human Fab library

The human LC genes from the selected hybrid Fab
clones were amplified by PCR containing 0.8 mM
dNTPs, 1.25 U Platinum Tag DNA polymerase High
Fidelity (Thermo Fisher Scientific, Catalog
No. 11304011), 1.5mM MgCl,, PCR Buffer 1x
(Thermo Fisher Scientific, Catalog No. 11304011),
04uM primer forward (5 GAGGAGGAG
GAGGAGGAGGCGGGGCCCAGGCGGCCGAG-
CTC 3) and reverse (5 GGCCATGGCTGGTT
GGGCAGC 3’) and 100 ng Fab clone. The PCR
conditions were: 2 min at 94°C followed by 40 cycles
of a three-step program (94°C, 1 min; 56°C, 1 min;
72°C, 1 min). After the final extension at 72°C for 5
min, the PCR products were analyzed through 1%
agarose gel. The PCR-amplified human LC genes
and the human Fd naive library were double-
digested with Sacl/Xbal, purified, and ligated to gen-
erate the human combinatorial Fab library.

Phage display and panning of the combinatorial
Fab libraries

The constructed combinatorial Fab libraries were
electroporated into Escherichia coli XL1-Blue cells
(Agilent Technologies, Catalog No. 200249), and
the size of the libraries was measured. The bacteria
infection with the helper phage VCSM13 (Agilent
Technologies, Catalog No. 200251) and the phage
display were performed as described before [39].
Five (or four) consecutive panning rounds were
performed to enrich phages-displaying Fab that
reacts with rFGF2 antigen. The plasmid con-
structed to express FGF2 was kindly provided by
Dr. Maria Leonor Sarno de Oliveira (Butantan
Institute, Brazil), and rFGF2 was produced as pre-
viously described [40]. The rFGF2 was coated on
96 well half-area microplates (Sigma-Aldrich,
Catalog No. CLS3690) at 5 pg/mL. The wells were
blocked with 3% BSA in TBS, washed with TBS,
and the phages-displaying Fab library was added
to the wells. For the human Fab library, the
phages-displaying Fab were previously incubated
with blocking solution (1% skim milk and 1%
BSA) before being added to the rFGF2 coated

wells. After washing to remove unbound phages,
the bound phages were eluted with 0.1 M HCI -
glycine pH 2.2, then neutralized with 2M Tris
solution and amplified through E. coli XL1-Blue
cells infection for the subsequent panning round.
The phages-displaying Fab samples before the
binding to the rFGF2 were called input phages,
and the phages-displaying Fab recovered after
binding to rFGF2 were determined as output
phages. These samples were used to infect E. coli
XL1-Blue cells, and the resulting CFU was counted
to measure the panning efficiency. We established
the bound percentage as the relation between out-
put and input phages multiplied by 100. The
enrichment rate was calculated as the ratio of the
bound percentage from one panning round com-
pared to the previous one.

Phage ELISA for screening combinatorial Fab
libraries

Polyclonal phage ELISA analyzed the phage pools
eluted from each panning round by binding to the
antigen of interest rFGF2 and an irrelevant antigen
(BSA). rFGF2 (or BSA) at 5 ug/mL was coated on 96
well half-area microplates, the wells were washed
with PBS, blocked with 5% skim milk diluted in
PBS, and incubated with about 10 [11] PFU of
amplified phage pools. After washing, the HRP-
conjugated mouse anti-M13 (Cytiva, Catalog
No. 27-9421-01) was added to the wells, followed
by another washing step. Next, the chromogenic
solution of TMB (3,3,5,5" - tetramethylbenzidine)
(Sigma-Aldrich, Catalog No. T0440) with H,O, was
added, and the reaction was stopped with 4.7 N of H,
SO,. The absorbance was measured at 450 nm (Abs
450 nm). Monoclonal phage ELISA was performed
to identify anti-FGF2 Fab individual clones. For the
murine Fab library, after five panning rounds, single
colonies carrying the phagemid from the fourth and
fifth panning rounds were picked up and grown in 5
mL of SB medium with 100 pg/mL ampicillin, 10 pg/
mL tetracycline and 40 mM glucose at 37°C for 7 h,
200 rpm. Phage amplification by infection with
helper phage VCSM13 was performed as previously
described [38], and the ELISA, as described above,
was made to screen the phages-displaying Fab.

For the hybrid and human Fab libraries, 96-well
polypropylene plates (Greiner Bio-One, Catalog



No. 650261) containing 200 pL/well of SB medium
with 100 pg/mL ampicillin and 40 mM glucose
were inoculated with single colonies carrying the
phagemid from the last panning round and incu-
bated at 37°C for 18 h, 220 rpm (pre-inoculum).
Twenty microliters of each pre-inoculum were
transferred to wells of a new plate containing
180 uL of SB medium with 100 pg/mL ampicillin,
40 mM glucose, and 10 [9] PFU of helper phage
VCSM13 and were cultured at 37°C for 4h,
220 rpm. The plate was centrifuged (2000 xg;
4°C; 40 min), and the supernatant was removed.
The cell pellet was resuspended in 200 uL of SB,
medium with 100 pg/mL ampicillin and 70 pg/mL
kanamycin, and incubated at 30°C for 18h,
220 rpm. After another centrifugation, the super-
natant containing the phages-displaying Fab was
used for screening by ELISA. The clone’s selection
was based on the ratio between the absorbance of
rFGF2 over the absorbance of BSA binding. The
clones resulting in a ratio greater than 8 [41] and
absorbance to rFGF2 greater than 0.3 were defined
as clones with higher binding to FGF2.

LC and Fd sequence analysis

The E. coli XL1-Blue was infected with the phage-
displaying Fab clones with higher binding to rFGF2
and cultured in SB medium with 100 ug/mL ampi-
cillin for the phagemid extraction and analysis of the
LC and Fd inserts through 1% agarose gel after
double-digestion ~ with ~ Sacl/Xbal and  Spel/
Xhol restriction enzymes, respectively. The clones
with LC and Fd genes were submitted to DNA
sequencing by the Sanger method using ompseq (5’
AAGACAGCTATCGCGATTGCAG 3’) and pelseq
(5 CTATTGCCTACGGCAGCCGCTG 3’) primers
for the LC and Fd genes amplification. Nucleotide
sequences were translated into amino acids using the
ExPASy Translate tool (web.expasy.org/translate/)
and aligned using the EMBL-EBI Clustal Omega
multiple sequence alignment (www.ebi.ac.uk/Tools/
msa/clustalo/). CDR sequences were defined using
VBASE2 (www.vbase2.org/).

Soluble Fab expression and characterization

Clones with different amino acid sequences were
expressed as soluble Fab in E. coli TOP10F
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(Thermo  Fisher  Scientific, Catalog No.
C303003). Two irrelevant Fab were used as nega-
tive controls: the murine anti-digoxin Fab [39]
and the human anti-tetanus toxin Fab (anti-TT;
pComb3XTT) [42]. After transforming the pha-
gemid vector in E. coli TOP10F’ [43], the bacteria
were grown in 20 mL of SB medium with 100 pg/
mL ampicillin and 20 mM MgCl, until the log
phase (Abs 600 nm = 0.6). The soluble Fab expres-
sion was induced with 0.5 mM IPTG at 25°C for
20 h, 200 rpm. Bacteria were harvested by centri-
fugation (8,000 xg; 4°C; 30 min), and the bacteria
pellet was suspended in 1 mL PBS, sonicated (10
cycles with 10 s pulse, 2 min interval in ice bath
between each cycle) with amplitude 4 in the
Ultrasonic Cell Disruptor Microson sonicator
(Misonix) and centrifuged again (20,000 xg; 4°C;
30 min) to obtain the lysate supernatant. Soluble
Fab concentration was determined by sandwich
ELISA as previously described [39]. Western blot
was performed to assess the presence of Fab in
the lysate supernatant samples. Lysates were sub-
jected to SDS-PAGE 12% and transferred to
PVDF membranes (Cytiva, Catalog
No. 10600021), previously treated with methanol.
The membranes were blocked with 10% skim
milk in PBS and incubated with the HRP-
conjugated AffiniPure F(ab’), Fragment Goat
Anti-Mouse IgG, F(ab’), fragment specific
(Jackson ImmunoResearch Laboratories, Catalog
No. 115-036-072) or the HRP-conjugated Goat
Anti-Human IgG(H+L) (Southern Biotech,
Catalog No. 0109-05). Detection was performed
using the chemiluminescence Amersham ECL
Prime Western Blotting Detection Reagent kit
(Cytiva, Catalog No. RPN2232) with exposure to
photographic Hyperfilm™ ECL™ film (Cytiva,
Catalog No. 28906835). The binding of Fab to
the antigen of interest was analyzed by ELISA in
microplates coated with 5pg/mL of rFGF2 (or
BSA). Blocking was performed with 1% BSA in
PBS, and the lysate supernatant, containing the
soluble Fab from the clones, was added to the
wells. After washing, the HRP-conjugated
AffiniPure F(ab’), Fragment Goat Anti-Mouse
IgG, F(ab’), fragment specific or the HRP-
conjugated Goat Anti-Human IgG(H+L) was
added as the secondary antibody. ELISA was
developed as described above.
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Generation of human anti-FGF2 mAbs

The human variable chains genes selected during
the humanization process by guided selection
were amplified using specific primers, according
to the V and J classification, and cloned into the
AbVec2.0-IGHGI, AbVecl.1-IGKC or
AbVecl.1-IGLC2-Xhol vectors (kindly provided
by Dr. Hedda Wardemann, German Cancer
Research Center, Germany), which contains the
constant region of the human immunoglobulin
chains, as previously described [44]. The VH and
VL genes of the selected murine Fab clone were
cloned into the AbVec2.0-IGHGl and
AbVecl.1-IGKC vectors, respectively, to generate
the chimeric anti-FGF2 antibody. A pair of the
constructed LC and HC vectors were used for
transient co-transfection of FreeStyle” 293-F
HEK cells to express the human (and chimeric)
anti-FGF2 mAbs [44]. The mAbs were purified
by affinity chromatography using protein-A
sepharose (Cytiva, Catalog No. 17096303) in the
Akta Purifier System (Cytiva). The mAb concen-
tration was determined by absorbance at 280 nm
using the NanoDrop™ One/One® Microvolume
UV-Vis Spectrophotometer (Thermo Fisher
Scientific).

Binding assay of human anti-FGF2 mAbs to
rFGF2 by SPR

The binding ability of the human (and chimeric)
anti-FGF2 mAbs to the rFGF2 was assessed by
SPR in the BIAcore T200° system (Cytiva). All
assays were carried out at 25°C in PBS-EP run-
ning buffer (PBS pH 7.4, with 3mM EDTA and
0.005% Tween 20). BiaEvaluation Software (v3.0)
was used to analyze the sensorgrams. An irrele-
vant human mAb (IgG negative ctrl) was included
in all assays. The rFGF2 was immobilized on
a CM5 sensor chip by amine coupling according
to the manufacturer’s instructions. Antibody sam-
ples diluted to 25pg/mL were injected (60
s association and 30 s dissociation, 20 uL/min),
and the sensor surface was regenerated between
each sample (15 uL, 2 M NaCl). The binding reso-
nance values (resonance units - RU) were
recorded 10 s after the end of the sample injection
(stability report point). The binding kinetics of

either human or chimeric anti-FGF2 mAbs to
rFGF2 were evaluated using the multiple-cycle
approach. Five concentrations of each anti-FGF2
mAb sample, starting at 25 pg/mL (3-fold dilu-
tion), were injected into the immobilized rFGF2
for 180 s at 30 uL/min. After dissociation (600 s),
the sensor chip surface was regenerated (15 uL, 2
M NaCl). The association (k,) and dissociation
(kg) constants were calculated by the Langmuir
1:1 interaction model.

Trypan blue proliferation assay

HUVEC and SK-Mel-28 cells (2x10 [3] cells/100
pL/well) were plated on 96-well plates (Sigma-
Aldrich, Catalog No. CLS3361) and cultured for
24 h with 5% CO, at 37°C. The wells were washed
with PBS, and the cells were incubated with fresh
culture medium containing 20 ug/mL of the anti-
FGF2 mAbs, irrelevant human mAb (IgG negative
ctrl), or PBS. After 72 h, cells were harvested and
counted using a hemocytometer. The number of
viable cells was determined by the trypan blue dye
exclusion test. The experiment was performed in
quadruplicate.

In vitro scratch assay

HUVEC and SK-Mel-28 cells (0.75x10 [5] cells/
500 pL/well) were cultured on 24-well plates
(Sigma-Aldrich, Catalog No. CLS3524) with 5%
CO, at 37°C until confluence. Each confluent
monolayer was scratched using a 200 uL pipette
tip to create a cell-free area. Cells were washed
twice with PBS and incubated with fresh culture
medium containing 20 pg/mL of the anti-FGF2
mAbs, irrelevant human mAb (IgG negative ctrl),
or PBS, and incubated at 37°C, with 5% CO,, for
48 h. The scratch area was photographed at Oh
and 48h using Nikon Eclipse TE 300 inverted
microscope coupled to a Nikon Digital Sight DS-
Ril camera. The cell-free area was calculated using
the Image] software (https://imagej.nih.gov/ij/).
Cell migration analysis was performed by calculat-
ing the percentage of the regenerated area after 48
h of the experiment. The experiment was per-
formed in duplicates.


https://imagej.nih.gov/ij/

Epitope prediction by molecular docking

Intermolecular interaction between the human
(and chimeric) anti-FGF2 mAbs and FGF2 (PDB
ID: 1bfg) was analyzed by molecular docking
assay. Three-dimensional structural models of the
antibody Fv region were produced using
AbodyBuilder web server [45] with Sphinx [46]
ab initio modeling algorithm to predict CDR H3
conformation. The docking of the antibody-
antigen complexes was performed with
HADDOCK web server [47] following the proto-
col described before [48]. The quality of output
complex models and the performance of the dock-
ing method were assessed by the Critical
Assessment of Predicted Interactions (CAPRI) cri-
teria [49] based on the interface root-mean-square
deviation (I_RMSD), ligand root-mean-square
deviation (L_RMSD), and the fraction of native
contacts reproduced in the predicted docking
model (F,,;). Complex models with higher quality
were visualized using PYMOL (v2.1), and the resi-
dues involved in the antibody-antigen interaction
were determined with LigPlot™ (v2.2.4), using
DIMPLOT program [50].

Statistical analysis

Statistical differences between groups were evalu-
ated with GraphPad PRISM software (v.7) using
one-way ANOVA followed by Bonferroni’s postt-
est. P <0.05 was considered significant.

Results

Selection of a murine Fab clone with higher
binding to the rFGF2 from the combinatorial
murine Fab library

The cDNA obtained from 3F12E7 hybridoma cells
secreting murine anti-FGF2 mAb was used to
amplify LC and Fd genes by PCR. For the con-
struction of the murine Fab library, murine LC
and Fd genes were cloned sequentially into the
pComb3X vector, resulting in a library size of
2.4x10 [5] clones. The phages-displaying murine
Fab were selected against rFGF2 through consecu-
tive panning rounds. The total phage number
before (input) and after (output) the panning pro-
cedure and the bound percentage are shown for
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each panning round (Figure la). Although the
bound percentage and the enrichment rate
decreased in the first three rounds, probably due
to an increase in the number of washes after the
phage’s incubation with the rFGF2, it increased in
the fourth round. Polyclonal phage ELISA con-
firmed the enrichment of the murine Fab library
against rFGF2 over five panning rounds
(Figure 1b). Out of 54 single clones, 20 showed
higher binding to rFGF2 when tested in monoclo-
nal phage ELISA (Table 1; Supplementary Figure
S1), by the criteria stated in the Material and
Methods session. All 20 clones had the Fd gene,
and 17 presented the LC gene (Table 1;
Supplementary Figure S2). Deduced amino acid
sequence from DNA sequencing showed six clones
(11, 15, 17, 20, 22, and 23) with different
sequences in framework 1 of Fd and LC genes
(data not shown). The expression of the six mur-
ine Fab clones was confirmed by WB, revealing
a band of about 50 kDa (Figure 2a). An additional
band of 25 kDa, corresponding to the single LC or
Fd proteins, was also observed (Figure 2a). All
murine Fab clones were specific for the rFGF2 in
ELISA (Figure 2b) without binding to the irrele-
vant antigen (BSA) (Supplementary Figure S$3).
Murine Fab clone 15 showed higher binding to
the rFGF2 and was selected as a template for its
humanization by guided selection.

Selection of three hybrid Fab clones with higher
binding to the rFGF2 from the combinatorial
hybrid Fab library

The hybrid Fab library was constructed by cloning
the murine Fd gene (clone 15) into the human LC
gene repertoire library and presented 4.4 x 10 [7]
clones. Four panning rounds were performed to
enrich the hybrid Fab library with clones binding
to the rFGF2. A 6-fold increase in the bound percen-
tage was observed in the second panning round
compared to the previous one, and it remained
almost constant in the following rounds
(Figure 1c). Polyclonal phage ELISA demonstrated
an increase in phages-displaying hybrid Fab against
rFGF2 in the second, third, and fourth panning
rounds, showing the hybrid Fab library enrichment
with the target antigen (Figure 1d). A total of 180
single clones from the third and fourth panning
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3 10 1.91 0.31 0.16 0.89 E
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3 Number of washes performed after phages incubation with rFGF2
b Phage particles before incubation with rFGF2 measured by counting infected E. 0.04
coli XL1-Blue with phagemids " vesmiz 1 2 3 4

¢ Phage particles eluted after incubation with rFGF2 measured by counting infected
E. coli XL1-Blue with phagemids

d (Output phage / Input phage) x 100

¢ Fold increase in Bound % compared to previous panning round

Panning rounds

Figure 1. Characterizing the phages obtained from each panning round after amplifying the murine, hybrid and human Fab phage
library. Phage particles before (input) and after (output) each panning round, bound percentage to rFGF2, and library enrichment for
the murine (a), hybrid (c), and human (e) Fab phage library. The phage binding profiles from each panning round were obtained
from the murine (b), hybrid (d), and human (f) Fab phage library by polyclonal phage ELISA. Helper phage VCSM13 was added as
a negative control.

Table 1. Verification of the LC and Fd genes in clones with higher binding to rFGF2 selected from the three Fab libraries by
monoclonal phage ELISA.

Library Monoclonal phage ELISA® Clones with LC gene® Clones with Fd gene® Complete clones (LC and Fd genes)®
Murine 20/54 17/20 20/20 17/20
Hybrid 24/180 18/24 24/24 18/24
Human 19/360 12/19 19/19 12/19

“Number of the clones with higher binding to rFGF2/number of total clones tested.
PNumber of the clones with antibody gene/number of the total clones tested.

rounds were selected, resulting in variable binding to
rFGF2 in monoclonal phage ELISA (Supplementary
Figure S4), and 24 clones were selected as higher
binders to rFGF2 (Table 1). Of these clones, all pre-
sented the Fd gene, and 18 the LC gene (Table 1;
Supplementary Figure 5). Deduced amino acid
sequences from the Fd gene of the 18 complete

clones showed murine sequence, and six clones (7,
10, 32, 40, 62, and 85) presented different LC
sequences; the rest of them exhibited stop codon in
the LC sequence (data not shown).

Those six hybrid Fab clones were expressed and
confirmed by WB showing a band of about 50 kDa
immunodetected with both the HRP-conjugated
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Figure 2. Binding analysis to rFGF2 of murine and hybrid Fab expressed in E. coli TOP10F.

WB analysis of murine (a) and hybrid Fab clones’ immunodetected with the HRP-conjugated AffiniPure F(ab’), Fragment Goat Anti-
Mouse IgG, F(ab’), fragment specific (c) and the HRP-conjugated Goat Anti-Human IgG(H+L) (e). Binding of the murine Fab clones (b)
and the hybrid Fab clones to rFGF2 by ELISA using the HRP-conjugated AffiniPure F(ab’), Fragment Goat Anti-Mouse IgG, F(ab’),
fragment specific (d) and the HRP-conjugated Goat Anti-Human IgG(H-+L) (f) as the secondary antibody. Soluble Fabs in the lysate
supernatant were added in rFGF2 (or BSA) coated wells. BSA (negative control) absorbance values range from 0.002 to 0.029. Results
show the mean absorbance of duplicates and the standard deviation.

AffiniPure F(ab’), Fragment Goat Anti-Mouse  was observed in the samples immunodetected with
IgG, F(ab’), fragment specific (Figure 2c) and the HRP-conjugated Goat Anti-Human IgG(H+L),
HRP-conjugated Goat Anti-Human IgG(H+L) indicating the presence of human LC protein
(Figure 2e). In addition, a band of about 25 kDa  (Figure 2e). The soluble hybrid Fab clones showed
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different binding profiles to the rFGF2 (Figure 1d)
and no binding to the irrelevant antigen (BSA)
(Supplementary Figure S6). The hybrid Fab clones
32, 62, and 85 showed higher binding to the rFGF2
and were selected for the next step of the huma-
nization process by guided selection.

Selection of eight human Fd sequences against
rFGF2 from the combinatorial human Fab library

The human LC genes of the hybrid Fab clones (32,
62, and 85) were cloned into the vector containing
the human Fd gene repertoire library to construct
the human Fab library. As a result, a library with
an estimated size of 2.4x10 [8] clones was
obtained. We performed four panning rounds to
enrich phages-displaying human Fab with high
binding to rFGF2. The bound percentage of Fabs
was higher in the fourth panning round compared
to the precedent (Figure 1le). The polyclonal phage
ELISA showed that the library was enriched with
phages-displaying human Fab against rFGF2
through the four panning rounds. A higher bind-
ing rate was attained in the third round
(Figure 1f). From 360 individual clones analyzed
by the monoclonal phage ELISA, 19 were higher
binders to rFGF2 (Table 1; Supplementary
Figure S7). All 19 clones presented the Fd gene,
and 12 presented the LC gene (Table 1;
Supplementary Figure S8). The DNA sequencing
of the 12 clones presenting both antibody genes
was performed (data not shown), and the deduced
amino acid sequences showed stop codons in the
LC sequence of all the clones, producing nonfunc-
tional chains and making not possible the selection
of complete human Fab clones. Out of 12, eight
clones (24, 29, 88, 89, 98, 109, 117, and 119)

presented different Fd sequences and were used
to generate the human anti-FGF2 mAbs.

Expression of 20 human (and one chimeric)
anti-FGF2 mAbs

To circumvent the fact that it was not possible
to select the complete human Fab by the guided
selection, we cloned the three human LC
sequences and the eight human Fd sequences
selected through the phage display humanization
process into AbVec vectors [44], containing the
constant region of the human IgG1 or the kappa
or lambda LC. The VH and VL genes of murine
Fab clone 15 were cloned into the AbVec vec-
tors to generate the chimeric anti-FGF2 mAb,
used as a positive control in the binding and
in vitro functional assays. The eight AbVec HC
clones were combined with the three LC clones
for co-transfection of FreeStyle™ 293-F HEK
cells. The IgG expression succeeded in 20 out
of 24 possible combinations. The supernatants
containing mAbs of the 20 combinations plus
the chimeric anti-FGF2 were purified through
protein A affinity chromatography and quanti-
fied for the assays.

Seven human mAbs showed binding to rFGF2 by
SPR

The 20 human anti-FGF2 mAbs binding to the
rFGF2 was evaluated by SPR with rFGF2 immo-
bilized in the sensor. The resulting RU values
were determined from the sensorgrams obtained
at the binding stability point. Some mAbs
showed minimal binding to the rFGF2, a result
close to that obtained by irrelevant human mAb
(IgG negative ctrl), and were excluded. Seven

Table 2. Human (and chimeric) anti-FGF2 mAbs binding, k,, kq e Kp values determined by SPR assays.

kg (s7)

Ko (M)

Antibody RU k, (M'.s™T)
Chimeric 1683.00 (1.67 £0.37) x 10°
32L98H 228.50 (249 + 1.88) x 10°
62K88H 223.60 (0.98+0.81) x 10°
32L109H 210.00 (1.33+0.74) x 10°
62K98H 204.00 (120+£0.72) x 10°
32L88H 86.07 (1.72 £ 0.64) x 10°
85L117H 25.91 (0.71 £0.31) x 10°
62K29H 22.25 )

IgG negative ctrl

5.69

(2.35+2.49) x 10°

9.58+2.29) x 10>
3.74+0.68) x 107
0.96 +0.99) x 107>
2.80+1.47) x 1073
1.21+049) x 1073
1.80+0.99) x 1073
0.96 +0.17) x 107>
1.14+1.34) x 1072

~ s~~~ S~

(6.03+2.69) x 1071°
(223+1.95) x 1078
0.86 +0.30) x 1078
2.87+2.71) x 1078
1.08+£0.24) x 1078
1.24+1.03) x 1078
143+0.38) x 1078

)

(
(
(
(
(
(420+1.26) x 1078

(meanxSD, n=2).



human mAbs bound to rFGF2 immobilized in
the sensor with resonance values above 20 RU
and were further analyzed by kinetic affinity
assays (Table 2 and Supplementary Figure S9).
The human anti-FGF2 mAbs showed k, values
close to those obtained by the chimeric anti-
FGF2, although higher kg values indicated faster
dissociation and resulted in lower kinetic affinity
(higher Kp values) (Table 2).

Two human anti-FGF2 mAbs were able to
attenuate HUVEC and SK-Mel-28 cell
proliferation and migration

The functional activity of the human anti-FGF2
mAbs was assessed by in vitro assays with HUVEC
and SK-Mel-28 cells. The human anti-FGF2 62K98H
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and 85L117H mAbs (as well as the chimeric anti-
FGF2 mAD) significantly reduced the number of
HUVEC (Figure 3a) and SK-Mel-28 (Figure 3d)
viable cells compared to the irrelevant human mAb
(IgG negative ctrl) in the proliferation assay with
trypan blue exclusion. In the same trend, HUVEC
and SK-Mel-28 cells incubated with the human anti-
FGF2 62K98H and 85L117H mAbs (as well as the
chimeric anti-FGF2 mAb) showed attenuated cell
migration in a monolayer scratch assay. First, the
kinetics migration index was assayed with the chi-
meric mAb in HUVEC cells at 16, 20, 24, and 48 h
showing statistical significance from the PBS and
isotype controls at all time points. SK-MEL-28 cells
were assayed for 24 and 48 h for all the samples, and
the statistical significance increased at a longer time
(data not shown). The results taken at 48h are

1gG ctrl )

Chimeric 62K98H 85L117H

160pm

F’S 1gG ctrl

e

85L117H

Chimeric 62K98H

100pm

Figure 3. In vitro functional activity of the human (and chimeric) anti-FGF2 mAbs.

The human anti-FGF2 62K98H and 85L117H mAbs reduced in vitro HUVEC (a) and SK-Mel-28 (d) proliferation and attenuated HUVEC
(b) and SK-Mel-28 (e) cell migration. Cells were incubated with 20 ug/mL of the indicated mAbs. Cell proliferation and migration
were accessed by trypan blue proliferation and scratch assays, respectively. Representative micrographs of the scratch assay on
HUVEC (c) and SK-Mel-28 cells (f). The dashed lines indicate the original cell-free area. Scale bar, 100 um. ** p <0.01; *** p < 0.001;
¥***¥ p <0.0001 compared to irrelevant human mAb (IgG negative ctrl); one-way ANOVA/Bonferroni’s posttest.
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presented in Figure 3 (3B, 3E, 3C, and 3F). Such
results are comparable to those previously demon-
strated with the murine anti-FGF2 3F12E7 mAb [25]
used as template in the humanization process.

Molecular docking assay predicted a similar
epitope recognition by the two human anti-FGF2
and the chimeric anti-FGF2 mAbs

In silico molecular docking predicted the binding
interface residues between the best structural
model of antibody Fv region generated by
ABodyBuilder and the FGF2 (PDB ID: 1bfg).
Following the CAPRI criteria for high-quality
models (Fp,; =0.5 and I-RMSD <1.0 or L-RMSD
<1.0) [49], 11 complex models were selected for
the chimeric anti-FGF2 mAb, six for the human
anti-FGF2 62K98H mAb, and four for the human
anti-FGF2 85L117H mAb (Table 3). In addition,
the output complex model that presented a lower
I-RMSD value from each antibody was chosen to
analyze the critical residues involved in antigen
binding using the LigPlot"/DIMPLOT.

The chimeric anti-FGF2 mAb was predicted to
contact the FGF2 residues Tyrlll and Tyrl24
(Figure 4a) within the FGFR and heparin-binding
domains in FGF2 [51,52] while the human anti-
FGF2 62K98H and 85L117H mAbs were predicted
to contact the FGF2 residues R120, Y124
(Figure 4b), and K119, Q123, Y124 (Figure 4c),

respectively, within the heparin-binding domains
in FGF2 [52]. The inhibition of such FGF2 func-
tion-related domains by the human and chimeric
anti-FGF2 mAbs might interfere with the FGF2
function via signal transduction, which was
observed by impaired cell proliferation and migra-
tion (Figure 3). The human anti-FGF2 62K98H
and 85L117H mAbs were predicted to contact
the FGF2 at a similar patch of residues than the
chimeric anti-FGF2 mAb (Figure 4d). This result
might show that the human anti-FGF2 mAbs
recognized the same epitope as the chimeric anti-
FGEF2, suggesting the success of the humanization
method in generating human antibodies corre-
sponding to the murine anti-FGF2 3F12E7 mAb.

Discussion

Anti-FGF2 antibodies have been proposed by
different research groups as of murine mAbs
produced by hybridoma technology and evalu-
ated through in vivo models of hepatocellular
carcinoma, Lewis lung carcinoma, and mela-
noma [25,53-55]. Also, a humanized antibody
by CDR grafting was tested in an experimental
model of non-small cell lung cancer [56].
A human antibody could inhibit the in vitro
proliferation of glioblastoma cells [57]. In addi-
tion, these antibodies were accomplished to
impair tumor cell proliferation, angiogenesis,

Table 3. Top output complex models selected based on CAPRI

criteria.

Antibody I-RMSD L-RMSD Frat
Chimeric complex 49 4.180 0.694
Chimeric complex 95 0.478 3.564 0.764
Chimeric complex 122 0.407 0.914 0.847
Chimeric complex 144 0.470 1.728 0.861
Chimeric complex 200 0.760 2.153 0.792
Chimeric complex 217 0.296 0.461 0.875
Chimeric complex 226 0.259 0.839 0.889
Chimeric complex 237 0.467 3.009 0.778
Chimeric complex 238 0.339 0.875 0.903
Chimeric complex 306 0.507 7.676 0.639
Chimeric complex 338 0.448 7.499 0.556

62K98H complex 5 0.335 2.564 0.758

62K98H complex 9 0.558 1.198 0.780

962K98H complex 15 0.158 2,601 0.736

62K98H complex 19 0.459 1.228 0.725

62K98H complex 21 0.303 1.646 0.769

62K98H complex 22 0.615 2.156 0.802
85L117H complex 154 0.755 4.106 0.506
85L117H complex 303 0.663 2.248 0.714
85L117H complex 311 0.558 3412 0.558
85L117H complex 371 0.678 3.106 0.636
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Figure 4. Prediction of human (and chimeric) anti-FGF2 62K98H and 85L117H antibodies binding to FGF2.

Three-dimensional representation of the chimeric (a), 62K98H (b), and 85L117H (c) antibody Fv region and FGF2 complexes. FGF2
and antibodies’ residues found by LigPlot*/DIMPLOT analyses are labeled magenta and orange, respectively. Dashed lines indicated
the hydrogen bonds. d) Schematically representation in yellow of the FGF2 residues predicted to interact with the human (and
chimeric) anti-FGF2 62K98H and 85L117H antibodies. The FGFR and heparin-binding sites are indicated in gray and black,

respectively.

and/or metastasis [25,53-57]. Still, a mAb
against FGF2 has not yet been approved for
clinical use, and, to our knowledge, human anti-
FGF2 mAbs have not yet been tested in an
experimental melanoma model. The murine
anti-FGF2 3F12E7 mAb presented promising
results for use as an adjuvant in melanoma
therapy when tested in mice [25]. However,
murine antibodies can induce immunogenic

responses [3], decreasing therapeutic efficacy
[58] and causing adverse effects [59].

Several antibody humanization techniques have
been developed over recent years, with success in
obtaining therapeutic antibodies [6]. The guided
selection technique, used for the generation of the
first human antibody approved by the FDA [19],
allows the selection of fully human antibodies
from combinatorial libraries, formed by the
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human immunoglobulin gene and non-human
antibody gene, by the enrichment with the antigen
of interest [22]. This technique was chosen to
humanize the murine anti-FGF2 3F12E7 mAb to
obtain human antibodies similar to the murine
version.

The guided selection procedure aimed to select
Fab fragments; first, the murine Fab, followed by
the hybrid Fab composed of a human LC with
a murine Fd, and finally, a fully human Fab.
Although a productive human anti-FGF2 Fab
could not be reached, the human VL and VH
genes selected through the panning steps by their
binding to the target antigen rFGF2 were ran-
domly assembled to generate full-length IgG. For
that, the strategy consisted in cloning the indivi-
dual VL and VH into vectors containing either the
IgG1, kappa, or lambda constant region genes. By
combining three VL and eight VH, 24 possibilities
of different mAbs were possible by co-transfection
of the cloned vectors. Twenty human anti-FGF2
mAbs were expressed, which entered the first chal-
lenge of binding to rFGF2 by SPR, resulting in the
generation of seven human mAbs recognizing the
target. The kinetic affinity of the human anti-FGF2
mAbs was 10° M, considered medium to high-
affinity antibodies [60], despite being about 20 to
130 times lower than the chimeric anti-FGF2 mAb
affinity. A decrease in affinity is often observed in
antibody humanization processes [61-63] and may
be due, in this case, to the human naive library,
composed mainly of IgM antibody genes.
Although IgM antibodies have a lower affinity
than IgG, naive antibody libraries are more
diverse. They may contain a repertoire of auto-
reactive antibody genes [36,64], which is relevant
when selecting antibodies against self-antigens,
such as FGF2. The affinity of antibodies selected
by phage display from libraries of naive antibodies
can be improved by carrying out other processes,
such as affinity maturation, which is a feasible
alternative to be explored for the human anti-
FGF2 mAbs generated in this work, if needed.
The anti-TNF-a Humira (adalimumab) is an
example of a therapeutic antibody that underwent
CDR mutagenesis after being humanized by the
guided selection technique to produce the anti-
body with high affinity finally [19,24].

The seven human anti-FGF2 mAbs had their
functional activity evaluated by in vitro cell pro-
liferation and migration assays. Molecules capable
of inhibiting these events are interesting for devel-
oping cancer therapies since, in endothelial cells,
cell proliferation and migration are necessary for
tumor dissemination, invasion, and angiogenesis
[65-67]. Moreover, in tumor cells, these processes
are key steps to trigger metastasis and cancer pro-
gression [68,69]. Two human anti-FGF2 mAbs -
62K98H and 85L117H - could reduce the number
of viable cells in the cell proliferation assay and
attenuate the migration of HUVEC and SK-Mel
-28 cells. The decrease in proliferation and
attenuation of cell migration was also observed in
our study with the chimeric anti-FGF2 mAb and
corroborated with the results obtained with the
murine anti-FGF2 3F12E7 mAb [25,70].

The human anti-FGF2 62K98H and 85L117H
mADbs, and the chimeric, had their epitope recog-
nition predicted by in silico molecular docking
assay. The antigen-antibody interaction showed
that the human anti-FGF2 62K98H and 85L117H
and the chimeric mAbs contact nearly the same
region in the FGF2 surface, comprehending the
heparin-binding domains. Since the interaction of
FGF2 to its receptor, stabilized by heparin, is
necessary for the FGF2-mediated signal transduc-
tion [28], it is possible to consider that the three
anti-FGF2 mAbs (62K98H, 85L117H, and chi-
meric) reduced the HUVEC and SK-Mel-28 cell
proliferation and migration by preventing the
FGF2 binding to FGFR and then blocking the
FGF2 signaling pathway. Furthermore, the
human anti-FGF2 62K98H and 85L117H mAbs
were predicted to contact the FGF2 at a similar
patch of residues to the chimeric mAb. This result
might show that the human anti-FGF2 mAbs
recognized the same epitope as the chimeric anti-
FGF2, suggesting the success of the humanization
method in generating human mAbs corresponding
to the murine anti-FGF2 3F12E7 mAb. The two
human mAbs interact with FGF2 in the residues
R120/Y124 and K119/Q123/Y124, within the bind-
ing domain of FGF2 to HSPG (heparan sulfate
proteoglycans). This region is important for
FGF2 functionality, once, to perform its function,
FGF2 interacts with FGFR and with HSPG in



a ternary complex (FGF2-FGFR-HSPG), leading to
signaling activation cascades related to prolifera-
tion, migration, and cellular differentiation [71].
The fact that humanization preserved the binding
to the same epitope as the parental murine anti-
body previously characterized in vitro and in vivo,
suggests potential for their use as adjuvant therapy
for melanoma.

Altogether, the in vitro cell and in silico assays
demonstrated the feasibility of the humanization
approach used here to generate human anti-FGF2
mAbs with comparable properties to the murine
parental mAb and expected to display similar
control of melanoma progression. Besides the
therapeutic use associated with melanoma and
other tumors, such as angiogenesis inhibition,
there are potential applications for anti-FGF2
mADbs in the control of fibrotic diseases, neutra-
lizing the excessive action of FGF2, e.g. in dis-
eases of intense tissue repair (keloids), and
idiopathic fibrosis or secondary to chronic
inflammatory diseases. In addition to the thera-
peutic expectation, the antibodies could be
applied for immunoscintilography, labeled with
radioisotopes, for molecular imaging and predic-
tion of fibrosing responses.
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