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Abstract 

The insulin-like growth factors (IGFs), IGF-I and IGF-II, are essential for regulating cell growth, 
differentiation and metastasis of a broad range of malignancies. The IGF-I/II actions are mediated 
through the IGF receptor type 1 (IGF-1R) and the insulin receptor (IR), which are overexpressed in 
multiple types of tumors. Here, we have firstly identified a human engineered antibody domain 
(eAd) from a phage-displayed VH library. The eAd suppressed the signal transduction of IGF-1R 
mediated by exogenous IGF-I or IGF-II in breast cancer cell lines through neutralizing both IGF-I and 
IGF-II. It also significantly inhibited the growth of breast cancer cells. Therefore, the anti-IGF-I/II eAd 
offers an alternative approach to target both the IGF-1R signaling pathways through the inhibition of 
IGF-I/II. 
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Introduction 
Insulin-like growth factor (IGF) dysregulation 

has been implicated in the development and 
progression of many tumor types. The IGF system is 
composed of IGF-I and IGF-II, IGF receptor type 1 
(IGF-1R), IGF receptor type 2 (IGF-2R), insulin 
receptor (IR), and six high-affinity IGF binding 
proteins (IGFBP) [1]. The interaction between IGF1R 
and its ligands is involved in a variety of physiologic 
processes, including immunity as well as in diseases 
including infections and cancers. Numerous studies 
demonstrate the importance of IGF-1R and its ligands 
for tumor survival in a broad range of human tumors, 
including breast, ovarian, and pediatric cancers [1, 2]. 
IGF-I and IGF-II have been proven to play important 

roles in neoplasm [3]. Most of the circulating IGF-I 
and IGF-II are associated with IGFBPs [4]. The free 
ligand concentration is too low to interact with cell 
surface receptors. Upon activation by the mitogenic 
ligands IGF-I and IGF-II, the IGF-1R is activated to 
trigger intracellular signaling pathways (Ras/MEK/ 
ERK and PI3K/AKT pathways) that result in tumor 
progression and metastasis [1]. Because the IGF-1R 
and IR have 70% amino acid identity and 84% identity 
within the catalytic domain, they form heterodimeric 
receptors. Although human IGF-I and IGF-II have a 
high degree of sequence similarity, the binding sites 
for IGF-I and IGF-II on receptors are distinct. IGF-II 
binds the IR isoform A and the hybrid receptor 
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IGF-1R/IR, whereas IGF-I bind to IR or IGF-1R/IR 
with low affinity (non-physiological levels) [4]. The 
overexpression of IR in primary malignant tumors is 
correlated with tumor survival [5]. Activation of the 
IR by IGF-II has been shown to be the predominant 
IGF signaling receptor in breast cancer [6]. 

The modulation of the activity of the IGF axis 
could be an approach to anticancer therapy [7]. 
Although many antibodies and inhibitors targeting 
IGF-1R have been developed and entered early 
clinical trials, therapy against IGF-1R seems to 
partially inhibit the IGF-mediating signal transduc-
tion [8]. IGF-II-mediated signaling through IR-A 
results in tumor resistance during treatment with IGF- 
1R targeting [9]. Thereby, most anti-IGF-1R inhibitors 
fail to abolish IGF signaling because they incomple-
tely block the action of IGF-II on the IR-A homo-
dimers [10]. Although both IGF-1R and IR can be 
targeted, glucose homeostasis can be severely dysreg-
ulated. Hyperglycemia might appear in patient [11].  

 Elevated levels of IGF-I and/or IGF-II are 
observed in tumors such as neuroblastoma, Ewing 
sarcoma, and osteosarcoma [12]. Like IGF-I, IGF-II 
may be secreted by stromal cells [13]. Within the 
tumor microenvironment, both IGF-I and IGF-II 
facilitate disease progression through autocrine or 
paracrine interactions between stromal and tumor 
cells [2]. In addition, IGFs play role in endocrine 
signaling on adjacent epithelial cells when they are 
circulated in the vascular system. In recent antibodies 
targeting IGFs become intense in preclinical and 
clinical research [14-17]. We previously reported an 
anti-IGF-I/II monoclonal antibody (mAb) (m708.5) 
[18] and an anti-IGF-II mAb (m610) [19]. They are 
proposed to eliminate the efflux of IGFs from tumor 
tissues and circulating IGFs in the serum. The mAb 
m610 blocked the growth/ of human breast cancer 
lines in vitro and the migration of prostate cancer cells 
implanted in human adult bones [20]. The mAb 
m708.5 inhibited IGF signaling through both the 
IGF-1R and IR-A pathways and the in vivo growth of 
pediatric tumors [16]. Although full-size IgGs (150 
kDa) are favoured by their long half-life, tumor 
penetration by IgGs, in some cases, is limited due to 
their large size and uptake by Fc receptors on 
reticulo-endothelial cells [21, 22]. Engineered antib-
ody domains (eAds) with unique properties are a 
novel class of candidate therapeutics for cancer [23] 
and infectious diseases [24]. The eAds may access the 
sites that are not accessible to full-size antibodies [25, 
26].  

In the present study, we describe the 
identification and characterization of an IGF-I/ 
II-neutralizing eAd s7g1 derived from a human 
variable fragment of heavy chain (VH). It significantly 

blocked the signal transduction mediated by the 
interaction of IGF-I or IGF-II with IGF-1R and IGF-II 
with the insulin receptor. It also inhibited the growth 
of breast cancer cells. These results suggest that s7g1 
may have potential as a candidate therapeutic.  

Materials and Methods 
Panning of a Large Phage Displayed VH 
domain Library 

Recombinant human IGF-I and IGF-II (R&D 
Systems) were used to pan a human VH domain 
phage library containing 1010 unique clones. Briefly, 
human IGF-II was biotinylated using EZ-Link 
Sulfo-NHS--Biotinylation Kit (Thermo Scientific) 
according to the instructions of the manufacturer. 
Biotinylated IGF-II was conjugated onto Dynabeads 
M-280 Streptavidin (Invitrogen) as target for the 
library panning. The phage clones were sequentially 
panned against IGF-I and IGF-II antigens. 

Mutagenesis by error-prone PCR 
Error-prone PCR of the entire antibody gene was 

performed using a GeneMorph® II Random 
Mutagenesis Kit according to the instructions of the 
manufacturer. Reaction products were purified by 1% 
agarose gel electrophoresis and concentrated by 
ultrafiltration with water. 

Yeast display selection 
Procedures for yeast library construction and 

isolation of high-affinity mutants were as previously 
described with minor modifications [27]. Before 
fluorescence-activated cell sorting (FACS), the yeast 
cells (1×109 cells) were pre-selected with 10 µg of 
IGF-II-conjugated magnetic beAds, followed by 
magnetic separation. Isolated yeast cells were 
cultured in 10 ml of SDCAA media and induced in 
SG/RCAA media. Under stringent condition, yeast 
cells were sorted at 1, 0.3 and 0.1 μg/ml 
biotinylated-IGF-II. Yeast cells with high binding 
signals (0.1-0.3%) were collected from sorting gates. 
After growth on SDCAA plates, yeast colonies were 
picked and sequenced. 

Antibody expression and purification 
 The soluble eAds were expressed and purified 

as previously described [28]. The proteins were 
purified by Ni-NTA column. Eluted proteins were 
purified by the size-exclusion column (GE HiLoad 
16/600 Superdex 75pg) using AKTA Avant 150 (GE 
Healthcare). A 4ml sample was loaded into the 
size-exclusion column and equilibrated with 
equilibrating buffer (1mM KH2PO4, 155mM Nacl, 
3mM Na2HPO4-7H2O, PH 7.4). The column was 
washed continuously by using the buffer (1mM 



Int. J. Biol. Sci. 2018, Vol. 14 
 

 
http://www.ijbs.com 

801 

KH2PO4, 155mM Nacl, 3mM Na2HPO4-7H2O, PH 
7.4) at the flow rate of 1ml/min, and the fraction of the 
major area was collected.  

ELISA assay 
 25 ng of IGF-I or IGF-II (Peprotech) per well 

were coated on 96-well ELISA plates overnight at 4°C. 
Serial dilutions of eAds were incubated with antigens 
for 1h at RT. Bound antibodies were detected with 
mouse anti-FLAG-HRP antibody (1:5,000, Sigma- 
Aldrich). The TMB substrates (Sigma-Aldrich) were 
added and the absorbance was read at 450 nm. 

Competition and sandwich ELISA 
 For sandwich ELISA, 100 ng of anti-IGF-II IgG 

m610 per well were coated on ELISA plates. After 
blocking with PBS (3% non-fat milk), 100 ng of IGF-II 
was added per well and captured by coated IgG 
m610. Serially diluted s7g1 and scFv m708.5 were 
added to wells and incubated for 1 h. Bound 
antibodies were detected by HRP-conjugated 
anti-Flag antibody. The reaction was read at 450 nm. 

 For inhibition of IGF-I or IGF-II binding to 
IGF-1R in ELISA, 50 ng IGF-1R was directly coated on 
the ELISA plate. Serial dilutions of biotinylated IGF-I 
or IGF-II were added to ELISA plates in the presence 
of competitors (s7g1). Bound IGF-I or IGF-II was 
detected by HRP-conjugated streptavidin antibody. 
The reaction was read at 450 nm. Shown are data with 
mean ± SEM calculated from 3 separate experiments. 

Affinity measurements 
 Binding affinities of the eAds to IGF-I/II were 

measured using surface plasmon resonance (SPR) by 
the Biacore T200 (GE Healthcare). The Procedures of 
Biacore were as previously described with some 
modifications [29]. Ligands, IGF-I or IGF-II, were 
immobilized onto the CM5 sensor chips through 
amine coupling method. A blank uncoated channel 
was used as reference during the injections. For 
analysis of the kinetics of interactions, different 
concentrations of EAds (5 - 200 nM) in running buffer 
(10 mM HEPES, 150 mM NaCL, 3 mM EDTA, 0.05% 
surfactant P-20, pH7.4) were flowed on the sensor 
chips at a flow rate of 30 µl/min. The sensor ships 
were regenerated with glycine (pH 1.5) between each 
binding cycle. The association and dissociation phase 
data were fitted simultaneously to a 1:1 model by 
using BIAevaluation 3.1. All the experiments were 
performed at 25oC. 

Competition flow cytometric assay 
 Antibodies were mixed with 5 nmol/L 

biotinylated IGF-I or 1 nmol/L human biotinylated 
IGF-II (Peprotech) for 30 min. The mixtures were 
incubated with 1×106 of MCF-7 cells in 100 μl 

serum-free DMEM medium for 30 min on ice. After 
washing once, cells were stained with streptavidin-PE 
(1:50, Invitrogen) for 30 min on ice. The detection of 
bound IGFs was performed using a BD Bioscience 
FACScalibur. An irrelevant anti-HIV eAd m36 was 
used as the negative control. 

Phosphorylation assay  
 The procedures of the IGF1R and IR 

phosphorylation assay were measured as previously 
described [18].  

Cell proliferation assay 
 The procedures of the cell proliferation assay 

were performed as previously described [16]. 
Statistical significance was determined using by t test 
of Graphpad Prism software.  

Results 
Selection of IGF-I and IGF-II cross-reactive 
human eAds 

Previously, a VH binder against a HIV-1 gp140 
was isolated from a naive human antibody phage 
library. The VH sequence is closed to human germline 
(VH3-23) sequence. Based on the VH scaffold, a large 
(2.5 × 1010) phage-displayed library was constructed 
by randomly mutating CDR1, and grafting CDR2s 
and CDR3s of heavy chains from five Fab libraries 
[30]. Here, we identified the human eAds against 
human IGFs by panning and screening one phage- 
displayed VH domain library. Biotinylated human 
IGF-II was used as the antigen for panning. As a 
result, several human VH domain antibodies were 
isolated. Two dominant clones were identified to bind 
IGF-II in ELISA. One of these clones, 2g2, exhibited 
cross-reactivity for IGF-I and IGF-II. 

Affinity maturation of the eAd by random 
mutagenesis and yeast display 

To improve the affinity, random mutations were 
introduced into the 2g2 gene by random mutagenesis 
PCR. The desired mutation rate was controlled by 
varying the initial amount of target DNA in the 
reaction or the number of amplification cycles 
performed. After sequencing, the low (<9/1000 bp) 
mutation rate was achieved. The 2–7 nucleotide 
changes led to 1-4 amino acid substitutions per 
antibody. In protein evolution studies, low mutation 
frequencies are commonly employed to avoid the 
dramatic changing of structure. 30-40% of inserts 
were expressed in a mutant yeast library (1 × 109 size) 
as verified by flow cytometry (not shown). The clones 
that did not display inserts were eliminated from the 
library with a subtraction using biotinylated 
IGF-II-conjugated beads. After the subtracted library 
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was sequentially sorted three times for binding IGF-II 
under stringent conditions, a cell population with 
increased binding to IGF-II were enriched (Fig. 1A). 
Plasmids were isolated from the highest affinity 
clones from the final round of maturation. Sequence 
data of strong binders showed a recurrent mutant 
s7g1. Compared with 2g2, s7g1 had two amino acid 
substitutions in the heavy chain CDRs and two amino 
acid substitutions in the framework regions (Table 1). 

 

Table 1. Mutations of s7g1 amino acid sequences 

 FR1 CDR2 

2g2 QVQLVQSGGGLVQPGGSLRLSCAVSYYSLQ ISGSGGST 

s7g1 QVQLVQSGGGLVQPGGSLRLSCAVSYNSLQ ISGSGGTT 

 FR3 CDR3 

2g2 YYADSVKGRFTISRDNSKNTLYLQMNTLRAEDTAMYYC ARIRWLQDLDY 

s7g1 LYADSVKGRFTISRDNSKNTLYLQMNTLRAEDTAMYYC ARIRWLHDLDY 

 

Binding properties of affinity-maturated 
antibodies 

 The s7g1 protein was expressed and purified. 
The purity was analyzed by the size-exclusion column 
(Fig. 1B) and SDS-PAGE (Fig. 1C) and. The binding 
ability was tested for IGF-I and IGF-II binding by 

ELISA. It showed much more effective binding than 
the parental 2g2 (Fig. 2A). These substitutions 
resulted in a remarkable improvement of affinity 
while retaining its specificity, showing no cross- 
reactivity with irrelevant antigens (Fig. 2B). Import-
antly, s7g1 did not bind to insulin. This means that 
s7g1 does not interfere on normal insulin metabolism. 

 The binding affinities were determined by the 
SPR method. With antigens coated onto biosensors, 
the values of affinities were determined. The obtained 
results are shown in Table 2. The improved s7g1 
bound to IGF-I with a KD of 17.4 nM and to IGF-II 
with a KD of 18.4 nM, whereas the values for 2g2 were 
120 nM for IGF-I and 96 nM for IGF-II. The affinity of 
s7g1 for IGF-I was increased 8-fold, whereas its 
affinity for IGF-II was increased 6-fold. 

 

Table 2. Affinity comparison of EAds by surface plasmon 
resonance. 

 Antigen Ka (1/Ms) Kd (1/s) KD (M) 
2g2 IGF-I 7.90E+03 1.11E-03 1.41E-07 
 IGF-II 1.04E+04 1.19E-03 1.15E-07 
s7g1 IGF-I 2.83E+04 4.91E-04 1.74E-08 
 IGF-II 3.02E+04 5.65E-04 1.87E-08 

 

 

 
Figure 1. Affinity-maturation of the eAd by random mutagenesis and yeast display selection. (A) FACS selection of yeast-displayed 2g2 mutants. During 
three selections, yeast cells were stained with concentrations of biotinylated IGF-II at 10 nmol/L (sort1), 5 nmol/L (sort2) and 2.5 nmol/L (sort3), respectively. 
IGF-II-binding was detected by streptavidin-PE. Antibody expression on yeast was shown with mouse anti-c-myc antibody followed by FITC goat anti-mouse 
secondary antibody. The 0.1-0.3% cells were selected from sort gates. (B) Purification of soluble s7g1 by the size-exclusion column. (C) SDS-PAGE analysis of purified 
s7g. 
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Figure 2. ELISA analysis. (A) Binding of 2g2 and s7g1 against IGF-I and IGF-II. (B) Specificity of s7g1 against different antigens. Purified eAds (10nmol/L) were used 
to detect coated antigens, followed by detected with a HRP-conjugated anti-FLAG antibody. Shown are data with mean ± SEM calculated from 3 separate 
experiments. 

 

 
Figure 3. Blockade of IGF-I and IGF-II binding to receptors by eAds. (A) Inhibition of IGF-I or IGF-II binding to MCF-7 cells. Biotinylated IGF-I was 
preincubated with s7g1 and control m36 at concentrations of 10 nmol/L or 100 nmol/L. Then, mixtures were used to stain with MCF-7 cells. Cells were detected by 
streptavidin-PE. In the graphs, black lines are for cells without staining. Green and blue lines are for tested antibodies at 10 nmol/L and 100 nmol/L, separately. Red 
lines represent binding of IGF-I or IGF-II alone. (B) Inhibition of IGF-I or IGF-II binding to IGF-1R in ELISA. IGF-1R was directly coated on the ELISA plate. Serial 
dilutions of biotinylated IGF-I or IGF-II were added to ELISA plates in the presence of competitors (s7g1). Bound IGF-I or IGF-II was detected by HRP-conjugated 
streptavidin antibody. The reaction was read at 450 nm. Shown are data with mean ± SEM calculated from 3 separate experiments. 

 

 
Figure 4. Inhibition of IGF-1R and IR phosphorylation in MCF-7 cells. MCF-7 cells were starved in serum free medium for 5 h, followed by addition of 
treatment medium with 1 nmol/L IGF-I or 5 nmol/L IGF-II with varying concentrations of s7g1 or 2g2. After cells were lysed, target proteins were immunoprecipitated 
by specific antibody conjugated resins. (A-B) Phosphorylation of IGF-1R induced by IGF-I or IGF-II was detected with a phosphor-tyrosine specific antibody. (C) 
Phosphorylation of IR induced by IGF-II was detected as following above methods. The total amount of IGF-1R or IR was detected by the same polyclonal antibody 
used for the immuneprecipitation. Data showed a representative from 3 separate experiments. 
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Blockade of IGF-I/IGF-II binding and receptor 
phosphorylation 

Signaling pathways of IGF-IR and IR are 
activated by binding of IGFs. To determine whether 
s7g1 inhibits binding of IGF-I and IGF-II to their 
receptors, we studied IGF-IR and IR signaling using 
the breast cancer cell line MCF-7, which is known to 
express high levels of both receptors. S7g1 exhibited 
inhibition in a flow cytometry–based assay. As shown 
in Fig. 3A, the binding of biotinylated IGF-I or IGF-II 
to their receptors on MCF-7 cells was completely 
blocked. The control eAd m36 seemed to slightly 
affect the IGF-I/II binding due to their same scaffold. 
In a competition ELISA, the binding of IGF-I or IGF-II 
to IGF-1R was also competed by s7g1 (Fig. 3B). 

 

 
Figure 5 Growth inhibition of breast cancer cells. Different 
concentrations of s7g1 and control m36 were preincubated with IGF-I and 
IGF-II. Then, breast cancer cell lines MCF-7 (A) and MDA-MB-231 (B) were 
cultured in the serum-free media in the presence of the mixture of antibody and 
IGFs. After 3 days, numbers of viable cells were determined using MTS method. 
Positive control were cells in serum-free medium with IGFs. Blank control was 
cells in serum-free medium without any IGFs. Shown are data with mean ± SEM 
calculated from 3 separate experiments. 

 
Meanwhile, s7g1 also inhibited the transmem-

brane signaling mediated by IGF-IR and IR in MCF-7 
cells. Median serum concentrations of free IGF-I or 
IGF-II in individuals with breast lesions is 
approximately 0.7 nmol/L or 1.8 nmol/L [31]. The 
concentrations of 1 nmol/L of IGF-I and 5 nmol/L of 
IGF-II around serum concentrations were used in the 
experiments. Immunoblottings showed that s7g1 

inhibited IGF-I-induced or IGF-II-induced receptor 
phosphorylation (Fig. 4A and B). It was capable of 
inhibiting IGF-I-induced phosphorylation of IGF1R at 
100 nmol/L. In addition, the IGF-II-induced 
phosphorylation of IGF1R was inhibited by s7g1 at 
concentrations between 10 nmol/L and 100 nmol/L. 
2g2 showed no obvious inhibitory activity at the same 
concentration. As shown in Fig. 4C, s7g1 showed 
strong but incomplete inhibition of p-IR at 100 
nmol/L. Inhibition was also observed when the 
antibody concentration was decreased to 10 nmol/L. 
2g2 seems to slightly inhibit IR phosphorylation. 
Inhibition of tumor cell growth 

The activity of s7g1 was tested in a cell growth 
assay using two breast cancer cell lines MCF-7 and 
MDA-MB-231. After 3 days of treatment, s7g1 
exhibited the inhibitory ability. The cell growth of 
breast cancer cells was remarkably inhibited at the 
concentrations ranging from 5 nmol/L to 320 nmol/L 
(Fig. 5). Even at a concentration of 5 nmol/L s7g1, 
40% inhibition of MCF-7 cells was even achieved. By 
comparison, the control m36 did not show measurable 
inhibition of cell growth. The data revealed that s7g1 
effectively inhibited breast cancer cells growth in vitro. 

Epitope analysis 
 The competition ELISA showed that s7g1 

competed with m708.5 in binding to IGF-I and IGF-II 
(Fig. 6A and B). However, they showed different 
binding to m610-captured IGF-II in sandwich ELISA 
(Fig. 6C). This means that the binding epitopes of the 
two antibodies are distinct, but overlapped on IGFs. 

 
 

 
Figure 6. Competition of s7g1 with m708.5 binding to antigens. (A-B) 
competition ELISA. IGF-I (A) or IGF-II (B) was directly coated on the ELISA 
plate. Serial dilutions of s7g1 were added in the presence of competitors (IgG 
m708.5 or a control IgG). Bound s7g1 was detected by HRP-conjugated 
anti-Flag antibody. (C) Sandwich ELISA. IGF-II was captured with IgG m610 
coated on the ELISA plate. Bound s7g1 and scFv m708.5 were detected by 
HRP-conjugated anti-FLAG antibody. Shown are data with mean ± SEM 
calculated from 3 separate experiments. 
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Discussion 
 The IGF signaling pathway is important in 

breast cancer [32]. Increased expression of IGF-1R, 
IGF-I, and IGF-II has been observed in breast cancer. 
Aberrant IGF-I and IGF-II contribute to disease 
aggressiveness through autocrine, paracrine and 
endocrine interactions. It is believed that IR activated 
by IGF-II contributes to resistance to anti-IGF-1R 
therapy [16]. IR is a predominant IGF signaling 
receptor in breast cancer [6], suggesting that the 
blockade of IGF signaling through IGF-1R and IR may 
be an effective treatment strategy. Previously, we 
generated fully human monoclonal antibodies m610 
and m708.5 [18] as well as bispecific antibodies m67 
and m660 [14, 15] that inhibited both IGF-1R- and 
IR-mediated signal through neutralizing IGF-I and/or 
IGF-II. Anti-IGF mAbs and bsAbs are clearly effective 
to reduce plasma IGF-I and IGF-II due to their high 
affinity (pM) and relatively long half-lives. The 
monoclonal antibody m708.5 has shown satisfying 
preclinical activities against a broad spectrum of 
human cell lines. The combination of m708.5 and 
mTOR inhibitors significantly decreased neuro-
blastoma growth in vitro and in vivo. 

One anti-HIV-1 eAd m36 was previously 
derived from the human VH domain scaffold. This 
eAd is clinically used in bispecific antibodies through 
fusing m36 on the CD4-specific ibalizumab for 
treating HIV-1 infection [33, 34]. Here, we further 
developed one eAd s7g1 (15 kDa) that cross-reacts 
with IGF-I and IGF-II. s7g1 is the first eAd that can 
cross-neutralize human IGF-I/II. To decrease IGF 
transduction, serum and tissue levels of ligands (IGF-I 
and IGF-II) need to be continuously neutralized. 
Therefore, high affinity of antibodies is required to 
fulfil neutralization of the continuous sequestration of 
the ligand from its receptor. More often, to achieve 
high affinity, the complementarity determining 
regions (CDRs) of antibodies are most likely to 
generate affinity maturation [35]. Our previous 
studies demonstrated that the mutation points located 
in both CDRs and framework regions were likely 
involved into antibody affinity maturation [36]. 
Therefore, random mutations were introduced into 
both CDR and the framework regions of s7g1. 
Consequently, the improvement in affinity was found 
to be 8- or 6-fold compared with the original clone. 
Affinity analysis shows s7g1 bound to IGF-I with a KD 
of 17 nM and IGF-II with a KD of 18 nM. The affinity 
values of s7g1 to human IGF-I and IGF-II are similar 
probably due to 62% sequence identity of human 
IGF-I and IGF-II. The binding affinities of s7g1 are 
modest but typical of those eAds. Thought some small 
antibody domains showed very high affinities, they 
exhibited weak tumor penetration because the high 

affinity resulted in perivascular localization [37].  
s7g1 is sufficient to block signal transduction 

mediated by IGF-I/II interacting with their receptors 
on tumor cells and inhibits breast tumor cell growth in 
vitro. Importantly, s7g1 suppresses IGF-II-mediated 
IR activation by neutralizing IGF-II. We are not sure 
about s7g1’s exact epitopes on IGF-I/II. It might share 
epitopes as m708.5, but different epitopes on IGF-II 
with m610. It could be due to a smaller paratope of the 
small-size eAd compared to IgGs. Its epitope is 
unique and was not previously targeted by other 
antibodies. Compared with IgG-size antibodies, these 
small antibodies are more rapidly eliminated than 
full-size antibodies through the kidney [38]. These 
small eAds have distinct advantages because they 
potentially recognize epitopes in protein targets not 
accessible to large antibodies. 

In conclusion, s7g1 offers a possible therapeutic 
candidate addition to other anti-IGF mAbs. We will 
consider to extend the circulating half-life of 
anti-IGF-I/II eAds through the use of protein 
engineering, such as polyethylene glycol (PEG) 
modification [39], and genetic protein fusion [40]. Due 
to its size of 15 kDa and its general robustness, s7g1 is 
expected to extravagate and diffuse into tissue 
effectively. We believe that it facilitates the 
elimination of autocrine IGFs secreted from stroma 
within tumor microenvironment because small 
antibodies easily overcome tumor barriers. It will also 
be interesting to evaluate its in vivo bioactivity in 
combination with other anti-IGF-I/II mAbs, such as 
m708.5, and chemotherapy drugs. 
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