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The insulin-like growth factors (IGFs) signaling system has been shown to play important roles in neoplasia. The IGF receptor
type | (IGF-IR) is overexpressed in many types of solid and hematopoietic malignancies, and there is substantial experimental
and clinical evidence that targeting IGF-IR is a promising therapeutic strategy against cancer. It has been previously reported
that a mouse monoclonal antibody (mAb), 4G| |, blocked IGF-I binding to IGF-IR and downregulated the IGF-IR in MCF-7
cells. We cloned this antibody, constructed a human-mouse chimeric antibody, designated m590, and characterized it. The
chimeric IgGl m590 bound to cell-associated IGF-IR on NWT c43 stably transfected cells and MCF-7 breast cancer cells
as efficiently as the parental murine antibody. Using purified IGF-IR extracellular domains, we found that both the chimeric
m590 and the parental 4G | | antibodies bind to conformational epitopes on IGF-IR. Neither of these antibodies bound to the
insulin receptor (IR) ectodomain. Furthermore, IgG| m590 blocked the binding of IGF-I and IGF-II to IGF-IR, and inhibited
both IGF-I and IGF-Il induced phosphorylation of IGF-IR in MCF-7 cells. These results suggest that m590 could be an useful
antibody in diagnosis and treatment of cancer, as well as a research tool.

Introduction

Insulin-like growth factors (IGF) I and II are overexpressed by
many tumors, resulting in increased proliferation, motility and
survival. They bind to the type I insulin-like growth factor recep-
tor (IGF-IR), which isalso involved in cell transformation induced
by tumor virus proteins and oncogene products. Tumor growth
and metastasis can be blocked by agents that inhibit IGF-IR
expression or function, suggesting that IGF-IR is a promising
cancer treatment target. Strategies that involve IGF signaling sys-
tem targeting include reduction of ligand levels or bioactivity,
and inhibition of receptor function using receptor-specific anti-
bodies or small-molecule tyrosine kinase inhibitors.'?

Many IGF-IR-specific antibodies have undergone preclini-
cal study, and several are being evaluated in clinical trials.? The
most advanced of these are human monoclonal antibody (mAb)
CP751,871 (Pfizer) and humanized mAb MK-0646 (Pierre-
Fabre/Merck),? which are in Phase III clinical studies.*> Other
anti-IGF-IR antibodies include fully human mAbs AmG479
(Amgen),” IMC-A12 (ImClone),* R1507 (Hoffmann LaRoche),?
and robatumumab (Schering-Plough). Various combinations of
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IGF-IR-specific antibodies in combination with marketed agents
are also being evaluated as treatments for medical needs.” Results
from these clinical trials are promising. Antibodies to IGF-IR
have shown additive effects with traditional chemotherapy
drugs")-ll 12,13

We previously reported the development of three novel anti-
IGF-II fully human mAbs." They bound with high (subnano-
molar) affinity to IGF-1I, did not cross-react with IGF-I and
insulin, and potently inhibited signal transduction mediated by
the IGF-IR interaction with IGF-II. The most potent neutralizer,
IgG1 m610, inhibited phosphorylation of the IGF-IR and the IR,
as well as phosphorylation of the downstream kinases Akt and
mitogen-activated protein kinase with an IC, of the order of 1
nmol/L at IGF-II concentration of 10 nmol/L. m610 also inhib-
ited growth of the prostate cancer cell line DU145, and migration
of the breast cancer line cells MCF-7.

While we are testing the immunotherapeutic potential of IgG1
m610 in preclinical study, we intend to develop mAbs to IGE-IR
to be used in combination with m610 and other antibodies or
agents targeting the IGF system. 4G11 is a mouse IgG2b kappa
mAb developed against IGF-IR by immunizing mice with mouse

and anti-Her2 mAb trastuzumab in cancer therapy.
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are highlighted in grey.

Figure I. Chimeric m590 antibody VH and VL DNA and deduced amino acid sequences. Complementarity determining regions in both VH and VL

embryo fibroblasts overexpressing the human IGF-IR.” In addi-
tion to inhibiting the binding of IGF-I to the fibroblast receptor,
4G11 also potently downregulates the IGF-IR in MCE-7 cells
resulting in inhibition of Akt and MAPK activation by IGF-L.

Here, we report further characterization of 4Gl1, as well
as characterization of the chimeric antibody m590, which was
derived by cloning of the antibody gene from the 4G11 hybri-
doma and construction of a human-mouse chimeric version. We
found that both 4G11 and m590 bind to cell-associated IGF-IR
and recombinant IGF-IR extracellular ectodomain, but not to the
IR ectodomain. We further found that both murine and chime-
ric antibodies inhibited not only IGF-I induced, but also IGF-II
induced phosphorylation of IGF-IR in MCEF-7 cells, suggesting
that they have potential use as cancer therapeutics.

Results

Molecule cloning of the 4G11 antibody gene heavy and light
chain variable regions and construction of human-mouse chi-
meric antibody IgGl m590. Murine 4Gl11 antibody heavy and
light chain variable regions (VH and VL) were PCR amplified
using a set of primers specific for different families of mouse
antibody framework 1 and ] chains. Amplified VH and VL
were assembled with human antibody heavy chain first constant
region (CHI) and light chain constant region (CL), respectively,
and cloned to pComb3X for expression as Fab fragment. The
murine VH and chimeric light chain (LC) were then subcloned
to pDR12 containing genomic sequence of human heavy chain
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constant region for expression as IgGl. The final human-mouse
chimeric IgG1 was designated m590. Both murine and chimeric
antibody genes were sequenced and confirmed in frame (Fig. 1).
The sequence analysis using IMGT database showed that m590
VH belongs to VHI family and is most likely derived from VHI-
34*01, DH2-4*01 and JH1*01 recombination. m590 VL belongs
to VK4 family and is most likely derived from VK4-57*01 and
JK4*01 recombination.

Production and characterization of IGF-IR ectodomain.
IGF-IR extracellular domain gene was PCR amplified from
pBluescript-IGF-IR construct and cloned to pSectag 2 plasmid
via Eco RI and Not I sites. Recombinant IGF-IR ectodomain
containing c-myc and his 6 tags was affinity purified by IMAC
using the supernatant from transient transfection of free-style
293 cells. Purified IGF-IR ectodomain showed binding activity
to IGF-I (Fig. 2A) and premature form IGF-II in ELISA (Fig.
2B).

Binding of murine 4G11 and chimeric m590 antibodies to
the IGF-IR ectodomain, but not to the IR ectodomain. Purified
IGF-IR ectodomain was used to characterize murine 4G11 anti-
body and chimeric m590 antibody. ELISA assay using non-dena-
tured and denatured IGF-IR and IR ectodomains demonstrated
that both 4G11 (Fig. 3A) and m590 (Fig. 3B) bound to non-
denatured IGF-IR ectodomain, but not to denatured IGF-IR ect-
odomian and IR ectodomain regardless of its conformation. This
result indicates that 4G11 and m590 bind to conformational
epitopes on IGF-IR.
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Binding of 4G11 and m590 to cell-associated

IGF-IR. We measured binding of the two anti- A
bodies to cell-associated IGF-IR by fluorescence- 1
activated cell sorting (FACS). Both 4Gl1 and
m590 bind well to IGF-IR stably transfected cell 0.9 -
line NWT c43 (Fig. 4A) and breast cancer cell £
line MCE-7 (Fig. 4B). The binding of these anti- S 08 -
bodies was stronger than that of commercially g
available anti-IGF-IR b subunit mouse mAb 8 0.7 -
GRIL. The binding was also specific because the '
control human mAb IgGl X5 to HIV-1 did not 0.6 -
show binding to these two cell lines. ’
Inhibition of IGF-I and IGF-II induced 05 | J | . ' . .
phosphorylation of IGF-IR by chimeric m590 )
antibody and parental murine 4G11 antibody 195 391 7.81 1563 31.25 62.50 125.00 250
in MCF-7 cells. 4G11 blocks IGF-I binding to Ligand concentration (nM)
IGF-IR and downregulates IGF-IR in NWT
43, MCF-7 breast cancer cells, a panel of colon | B 3.5 1
cancer cell lines and MG-63 human osteosar-
coma cells.” In addition, downregulation of 3
IGF-I receptor by 4G11 antibody results in inhi- |
bition of IGF-I-stimulated activation of Akt and 25
MAPK. We therefore examined the effect of £ 2 4
4G11 and m590 on binding of IGF-II to IGF-IR lﬁ
and IGF-II induced phosphorylation of IGF-IR & 15
(Fig. 5B). IGF-I binding and IGF-I induced | §
phosphorylation of IGF-IR were also included in 1 A
the experiment (Fig. 5A). The result indicated
that both m590 and 4G11 antibodies inhibited 0.5 1
IGF-I and IGF-II induced phosphorylation of
IGF-IR in MCF-7 cells. For this experiment, we 0 : : : ' ' ’
incubated cells with the antibodies at 37°C for 195 391 7.81 1563 31.25 62.50 125.00 250

30 min prior to addition of IGF-1 and IGF-II to
cells, so the inhibitory effect on receptor phos-

Ligand concentration (nM)

phorylation attributes to blocking of the bind-
ing of IGF-I and IGF-II to IGF-IR, rather than
to downregulation of IGF-IR. Combined with
the previous observation that 4G11 blocks IGF-I
binding to IGF-IR and inhibits IGF-I stimulated
activation of Akt and MAPK, we conclude that
both m590 and 4G11 antibodies block the bind-

Figure 2. Binding of IGF-I and IGF-Il to recombinant IGF-IR ectodomain. Two micro-
grams per milliliter recombinant IGF-IR ectodomain were coated on 96-well Maxisorp
plate. After blocking the plates with 3% BSA in PBS, two-fold serially diluted IGF-I and
IGF-1l premature form with a starting concentration of 5 ug/ml were added to the plates.
Bound IGF-I were detected with goat anti-IGF-I pAb (I:1,000) and HRP conjugates to
anti-goat pAb (I:1,000). Bound IGF-1l premature form were detected with HRP conjugates
to penta-his tag antibody (I:1,000). Optical density at 405 nm was measured 20 min after
adding ABTS substrate.

ing of IGF-I and IGF-II to IGF-IR, and inhibit
IGF-I and IGF-II induced phosphorylation of
IGF-IR.

Discussion

We report here the construction and characterization of a human-
mouse chimeric antibody, m590 that is specific for the IGF-IR.
The parental murine 4G11 antibody was also further characterized
in this study. We demonstrated that the chimeric m590 antibody
retained characteristics of the parental murine 4G11 antibody.
The combined results from a previous study of the murine 4G11
antibodyl4 and the current study on both chimeric m590 anti-
body and murine 4Gl11 antibody, suggest that m590 has poten-
tial as a therapeutic agent against cancer. Downregulation of
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IGF-IR and blocking of the IGF-IR mediated signaling are both
important in the development of IGF-IR targeting therapeutics
against cancer. This antibody demonstrated both properties.
We plan to humanize this antibody to avoid potential immune
responses generated by administration of a chimeric antibody
in vivo. The humanized version of m590 might potentially be
used alone or in combination with other mAbs targeting either
the IGF-II ligand (such as m610) or IGF-IR, or with other anti-
cancer agents targeting the IGF signaling system or other targets.
Further experiments in animal models and human clinical trials
will be necessary to evaluate this possibility.
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IGF-IR. Recent study has shown that anti-IGF-IR
antibodies also downregulate IR, which could
lead to side effects. We plan to further character-
ize this antibody and engineer it if necessary. In

summary, this antibody, or its humanized version
may have potential as an IGF-IR targeted cancer
therapy, as well as a diagnostic and research tool.

Materials and Methods

Cells, hybridoma, constructs, proteins and

antibodies. NWT ¢43 stably transfected cells

A 09 7 —®IGF-IRecto
0.8 |1 ——IGF-IRecto denature
0.7 1 —e—|Recto
0.6 1 —O—IRecto denature
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[ expressing IGF-IR, 4G11 hybridoma and pBlue-
Script-IGF-IR construct were kindly provided
by Derek LeRoith at the National Institutes of

——|GF-IRecto
2 —{+I1GF-IRecto denature
—®—|Recto
1.5 1
g —O—|Recto denature
& 14
= BSA
(]
(@)
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Health (NIH). Free-style 293 cells were pur-
chased from Invitrogen. Recombinant human
IGF-I,IGF-1Iand IR ectodomain were purchased
from Xpress-Bio life science. Purified 4G11 anti-
bodies were kindly provided by Cheryl Thomas
and Peter Nissley at NIH. Premature IGF-II was
produced in our laboratory as described.' Penta-
His antibody was purchased from Qiagen. Anti-
human IGF-I or IGF-II polyclonal antibodies
(pAb) were purchased from R&D systems and
anti-IGF-IR B subunit mAb GRII were pur-
chased from Millpore (MAB1123). Anti-IGF-IR
beta subunit pAb were purchased from Santa

0.01

0.03 0.08 025 0.74 222 6.67
Antibody concentration (ug/ml)

Cruz Biotechnologies. The second antibodies
20 including HRP conjugated to anti-human or
anti-mouse pAbs used in ELISA, and PE con-

jugated to anti-human or mouse pAbs used in

human Fc conjugated to HRP for m590.

Figure 3. Binding of mouse IgG2b 4Gl | and chimeric IgGl m590 to non-denatured and
denatured IGF-IR and IR ectodomains. Both ectodomains were coated at 200 ng/well
on Maxisorp plates. Denatured ectodomains were prepared as described in Materials
and Methods. After blocking the plates with 3% BSA in PBS, three-fold serially diluted
antibodies with a starting concentration of 20 ug/ml were added to the plates and bound
antibodies were detected with anti-mouse IgG conjugated to HRP for 4Gl| and anti-

FACS analyses were purchased from Jackson
Immuno laboratory.

Cloning of 4G11 VH and VL genes and con-
struction of chimeric IgGl m590. Total RNA
was isolated from 4Gl11 hybridoma growing in
serum-free medium. Message RNA was then
isolated from total RNA and used in RT-PCR

Our experimental data showed that both m590 and 4Gl11
antibodies bind to the IGF-IR ectodomain, but not to the IR
ectodomain. We do not have experimental data to exclude the
possibility of their binding to heterodimers of IGF-IR and IR.
We observed an increase of FL2-H signal of 4G11 and m590 in
FACS analyses compared with the control mouse mAb GRII
which binds to the IGF-IR B subunit (Fig. 3), but it does not
suggest cross-reactivity of 4G11 and m590 with hybrid-receptor.
GRII and 4G10 or m590 bind to different epitopes on IGF-IR
and they have different affinity for IGF-IR. The differences of the
FL2-H signal may reflect the difference in the antibody affinity.
Lack of binding of 4G11 and m590 to denatured IGF-IR ectodo-
main suggests that this antibody may not bind to heterodimers of
IGFIR and IR. If this is the case, then this antibody may have a
major advantage in clinical use over existing mAbs targeting the
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to amplify VH and VL using a set of primers

specific for mouse antibody genes. Amplified
VH and VL genes were assembled with human CH1 and CL
by SOE-PCR and cloned to pComb3X. Fab m590 in pComb3X
was then converted to IgG1 m590 in pDR12 containing genomic
DNA sequence of human heavy chain constant region. All the
constructs were sequenced after each subcloning.

Expression of chimeric IgG1 m590 and recombinant human
IGF-IR ectodomain. IgGl m590 was expressed by transient
transfection of free-style 293 cells. 293Fectin was used to trans-
fect free-style 293 cells according to the instructions of the man-
ufacturer (Invitrogen). Four days post-transfection, the culture
supernatant was harvested and IgG1 m590 purified on protein A
affinity column.

Recombinant human IGF-IR ectodomain gene was PCR-
amplified from pBlueScript-IGF-IR construct and subcloned to
pSecTag 2C vector. C-myc and his 6 tagged IGF-IR ectodomain
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was expressed by transient transfection of adherent 293 cells, fol-
lowed by booster with vI'F7.3 vaccinia virus expressing T7 RNA
polymerase. Two days post-transfection, the culture supernatant
was harvested and IGF-IR ectodomain purified by IMAC.

Enzyme-linked immunosorbent assays (ELISAs). ELISAs
were performed on Maxisorp 96-well plates. Binding of IGF-I
and IGF-II to IGF-IR ectodomain was carried out by coating 200
ng/well IG-IR ectodomain in sodium carbonate coating buffer
(pH 8.3). The plates were blocked with 3% BSA in PBS, pH 7.4
by incubation at 37°C for 1 h. Two-fold serially diluted IGF-I and
premature IGF-II protein with a starting concentration of 5 ug/
ml was then added to the wells. Bound IGF-I was detected with
goat anti-IGF-1 pAb (1:1,000) followed by addition of HRP-anti-
goat pAb (1:1,000) as second antibody and ABTS as substrate.
Bound premature IGF-II was detected with HRP-Penta-His
antibody (1:1,000) as second antibody and ABTS as substrate.
Optical density at 405 nm was measured after addition of the
substrate and incubation at room temperature for 20 min.

Binding of mouse IgG2b 4G11 and chimeric IgGl m590
to IGF-IR and IR ectodomains were carried out by coating the
ectodomains at 200 ng/well in coating buffer. Denatured ect-
odomains were prepared as follow: ectodomains were diluted to
20 ug/ml in denaturing buffer containing 1% SDS and 50 mM
DTT. After incubation at room temperature for 30 min, ectodo-
mains were diluted 1:10 in coating buffer and coated onto the
plates. Three-fold serially diluted antibodies with a starting con-
centration of 20 ug/ml were added to the wells and bound anti-
bodies were detected with anti-mouse IgG conjugated to HRP
for 4G11 and anti-human Fc conjugated to HRP for m590. The
rest steps were the same as described above.

FACS analysis. NWT c43 or MCF-7 cells (1 x 10°) were
suspended in 10 ug/ml mAbs (murine mAb 4Gl1, or chimeric
IgGl m590, or control mouse mAb GRIIL, or control human
mAb IgGl X5) for 45 min at 4°C to avoid receptor internaliza-
tion. After washing, the cells were incubated with PE-labeled

Figure 4. Binding of human-mouse chimeric IgGl m590, mouse
1gG2b 4Gl |, anti-IGF-IR b subunit antibody GRIl and control antibody
anti-HIV-1 IgGl X5 to NWT C43 cells and MCF-7 cells. Ten 10 mg/
ml of each antibody were incubated with stably transfected NWT C43
cells or breast cancer cell line MCF-7. Bound chimeric IgGl m590 and
control antibody IgG| X5 were revealed by PE labeled anti-human
1gG, F(ab’)2, mouse IgG2b 4Gl | and GRII by PE labeled anti-mouse
polyclonal antibody.

anti-mouse IgG pAb for detection of bound 4G11 and GRII or
PE-labeled anti-human IgG, F(ab’)2 for detection of bound chi-
meric m590 and X5 for 30 min at 4°C in the dark. The cells were
washed again and kept on ice. FACS analysis was then performed
on FACSort, Becton Dickinson.

A

Lane 1 2 3 4 5 6 7 8 9

IGF-I - + + + + + + + +
m590 0.4 4 40 400
4G11 04 4 40

IGF-I: 1.5 nM

B

Lane 1 2 3 4 5 6 7 8 9

IGF-I - + + + + + + + +
m590 04 4 40 400
4Gl11 04 4 40

IGF-II: 10 nM

Figure 5. Inhibition of IGF-1 and IGF-Il induced phosphorylation of IGF-IR by anti-IGF-IR human-mouse chimeric antibody IgGl m590 and parental
murine antibody IgG2b 4Gl | in MCF-7 cells. MCF-7 cells starved in serum-free medium were pre-incubated with indicated concentrations (in nM) of
IgGl m590 (Lanes 3 to 6) and IgG2b 4Gl (Lanes 7 to 9) for 30 min followed by addition of 1.5 nM IGF-I (left) or 10 nM IGF-II (right) for 20 min. Total
IGF-IR was immunoprecipitated with rabbit anti-IGF-IR beta subunit pAb. Phosphorylated IGF-IR was detected with mAb 4GI10 specific to phospho-
tyrosine (top gels). The blots were re-probed with rabbit anti-IGF-IR beta subunit pAb (bottom gels) to show the total IGF-IR protein among the
samples. Cells treated with IGF-I or IGF-Il alone (Lane 2 in both panels) were included as positive control.
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Phosphorylation assay. Phosphorylation assay was performed
as described previously." Briefly, MCF-7 cells starved in serum-
free medium were pre-incubated with chimeric IgGl m590 and
murine IgG2b 4G11 antibodies for 30 min followed by addition
of 1.5 nM IGF-I or 10 nM IGF-II for 20 min. Total IGF-IR was
immunoprecipitated with rabbit anti-IGF-IR beta subunit pAb.
Phosphorylated IGF-IR were detected with mAb 4G10 specific to
phosphotyrosine. The blots were re-probed with rabbit anti-IGF-
IR beta subunit pAb to show the total IGF-IR protein among the
samples. Cells treated with IGF-I or IGF-II alone were included
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