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Introduction

Development of nanoparticles as agents for targeted detection 
of cancer cells through imaging has been an exciting area of 
investigation in recent years. Accurate targeting is of critical 
importance particularly when these agents are also used for shuttling 
therapeutic molecules to treat specific tumors or cancer. Magnetic 
resonance imaging (MRI) remains an attractive imaging platform due 
to its high spatial resolution. To improve sensitivity of MRI, several 
signal amplification strategies have been developed using targeted 
MR contrast agents coupled with biological markers. Strategies 
under development include those based on cellular internalization 
of superparamagnetic MR probes such as iron oxide nanoparticles[1].

The human polyomavirus, JC virus (JCV), is the causative 
agent of the demyelinating disease progressive multifocal 
leukoencephalopathy (PML), an increasingly common neurological 
complication in AIDS patients with approximately 8% of HIV-1 positive 

individuals developing this progressive disease. Greater than 80% of 
the population is infected with the human polyomavirus, JC virus (JCV) 
during childhood, though in the majority of infected individuals the 
virus establishes latency in the kidney and does not induce any overt 
signs of disease[2]. In immunocompromised individuals such as AIDS 
patients, individuals on long term immunosuppressive therapies and 
individuals with lymphoproliferative disorders, however, reactivation 
of JCV results in the fatal demyelinating disease PML[2]. Over the 
last several years, studies have suggested a role for JCV in human 
cancer as a broad range of CNS tumors have been found to harbor JCV 
DNA sequences and to express the viral protein, T-antigen, including 
medulloblastoma and other tumors of neural crest origin[3,4] (for a 
review, see Del Valle [5]. More recently, JCV has been detected in 
cancers of the gastrointestinal tract[6]. The viral regulatory protein, 
T-antigen, plays a critical role in the viral life cycle in that it directs
viral early and late gene expression and viral DNA replication during
lytic infection[7] In addition to its role in viral regulation during
active replication, JCV T-antigen is considered an oncogene due to its
demonstrated ability to transform cells in culture.

Cells expressing JCV T-antigen exhibit characteristics of 
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Abstract
A targeted nanoconjugate is being developed for non-invasive detection of gene expression in cells expressing the 

JC virus oncoprotein, T-antigen, which has been associated with medulloblastoma and other cancers.  JC virus T-antigen 
localizes predominantly to the nucleus via a classical monopartite nuclear localization signal (NLS).  An antibody 
fragment which recognizes JC virus T-antigen was attached to cross-linked dextran coated iron oxide nanoparticles.  
Radiolabeled conjugates were added to mouse medulloblastoma cells expressing the target T-antigen to test their 
ability to bind to tumor cells and be internalized by the cells.  All conjugates containing targeting antibody bound to cells 
and were internalized, with increasing levels over time. There was no difference in cell binding or internalization among 
conjugates containing 2, 4, 6 or 8 antibody fragments per nanoparticle. Conjugates with only nonspecific antibody 
on nanoparticles, or unconjugated nonspecific antibody, had significantly lower total binding and internalization than 
conjugates with targeting antibody. Unconjugated targeting antibody had equivalent or lower cell uptake compared 
with targeted nanoparticle conjugates. Specificity of uptake was demonstrated by >80% reduction of nanoconjugate 
uptake in the presence of 100 fold excess of unconjugated antibody.  The presence of a membrane translocation 
peptide (Tat) on the nanoparticles in addition to targeting antibody did not improve nanoconjugate internalization over 
the internalization caused by the antibody alone.  This antibody nanoconjugate demonstrates feasibility of targeting a 
nuclear protein and suggests that a minimum number of antibody fragments per nanoparticle are sufficient for achieving 
binding specificity and efficient uptake into living cells.
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transformed or immortalized cells including morphological changes 
such as multinucleation, rapid doubling time, growth in anchorage 
independence and subcutaneous growth in the Nude mouse. JCV 
T-antigen maintains helicase, α-polymerase, ATPase and DNA binding 
activities[7] as well as exhibiting the ability to physically interact with 
the tumor suppressor protein, p53 and the retinoblastoma protein 
family members, pRb, p130 and p107 [8-11]. It is through binding 
that T-antigen is thought to sequester and inactivate p53 and pRb, 
subsequently affecting normal cell cycle regulatory controls. Similar 
to the well known SV40 T-antigen, JCV T-antigen specifically localizes 
to the nuclear compartment of infected and transformed cells due 
to the presence of a classical monopartite nuclear localization signal 
(PKKKKKV)[7,12]. While T-antigen exerts its oncogenic effect through 
localization to the nucleus, T-antigen has also been detected in the 
cell cytoplasm. In addition, it is well established that the T-antigen of 
the prototypical polyomavirus, SV40, is processed and presented on 
the surface of infected and transformed cells where it can be targeted 
by cytotoxic T-lymphocytes. Thus, it is hypothesized that T-antigen 
provides a suitable target for the nanoparticle based strategy 
described in the current study.

We sought to develop a targeted nanoconjugate for non-invasive 
detection of gene expression in cancer cells expressing the JC virus 
oncoprotein, T-antigen. In this study, an antibody fragment which 
recognizes JC virus T-Antigen was used for targeting iron oxide 
nanoparticles to tumor cells. Targeting of individual cancer cells 
presents a challenge for in vivo imaging, because a sufficiently high 
concentration of the contrast agent must be delivered to the tissue 
and the protein on the cell surface may be limited in concentration or 
saturable. Endocytosis of the contrast agent is desirable so that the 
agent could accumulate inside the cell and achieve a higher contrast 
effect. In this manner, the nanoparticle described here is designed 
to targeted peptides of the T-antigen protein which are displayed on 
the cell surface by MHC I molecules, which will then be internalized 
in order to retain and concentrate the contrast agent. In addition to 
the antibody targeting approach, peptide sequences such as a region 
of the HIV-1 Tat protein known to be responsible for nuclear import 
(Tat peptide) may also be coupled to the nanoparticle in order to 
enhance uptake. Tat alone (without targeting antibody) coupled to 
nanoparticles has been used by others [13-15]. Ultimately, such a 
particle could be used to enable MR imaging of T-antigen expression, 
by using the contrast enhancement provided by the superparamagnetic 
iron oxide core of the nanoconjugates. In this study, a radiolabel was 
used to quantify the binding and internalization of nanoconjugates 
by cells in vitro. The required number of antibody fragments per 
nanoconjugate was tested. Studies also tested whether there is a 
need for an additional membrane translocation peptide to achieve 
cell internalization.

Materials and Methods

Preparation of nanoparticle conjugates bearing T-antigen 
specific antibody or control antibody

 Dextran-coated monocrystalline iron oxide nanoparticles (MION-
47) were purchased from Center for Molecular Imaging Research, 
Massachusetts General Hospital. The particles (360 nmol particles, 
20 mg Fe in 1.72 mL) were made basic by the addition of 2.9 mL of 
5M NaOH and treated with 3.44 mL epichlorohydrin for 8 hours with 
stirring to crosslink the dextran coat for stability to make CrossLinked 
Iron Oxide (CLIO). In order to produce amine groups on each dextran 
strand (CLIO-NH2), 5.16 mL 30% ammonium hydroxide was added, 
followed by vigorous stirring for 10 hours at room temperature [16]. 

The CLIO-NH2 particles were purified, buffer-exchanged into 5 mM 
citrate, pH 8 and concentrated to 21 mg/mL using an Amicon Ultra 
4 centrifugal concentrator with molecular weight cutoff of 30,000 
(Millipore, Billerica, MA). The final concentration of CLIO-NH2 was 
determined by a spectrophotometric method after dissolving a 
sample of particles in hydrochloric acid with hydrogen peroxide[17].

Mouse monoclonal antibody pAb416 (EMD Biosciences, La 
Jolla, CA) which recognizes JC virus T-antigen was coupled to iron 
oxide nanoparticles (NPs) in order to achieve targeting to T-antigen 
expressing tumor cells. For control studies, a nonspecific mouse 
immunoglobulin G (NSM; Thermo Fisher) was coupled in place of 
targeting antibody. 

For some studies, both Ab and NSM were attached to nanoparticles 

in various ratios to test the effect of number of Ab fragments per NP 
while keeping the total number of fragments/NP the same. To permit 
quantification of coupling and cell binding, antibodies were tagged 
with fluorophores or radiolabels prior to coupling to nanoparticles. 
Prior to tagging, antibody pAb416 was concentrated to 1-4 mg/mL in 
a MicroCon YM-30 centrifugal concentrator (Millipore, Billerica, MA). 
Control antibody NSM was used as received (5.6 mg/mL in PBS, pH 
7.6).

Antibodies were radiolabeled with 125I using the Iodogen 
method[18]. Briefly, to 50 ug antibody in 35 uL PBS was added 50 
ul of 0.18 M sodium phosphate, 0.15M sodium chloride, pH 7.6 and 
565 uCi of no-carrier-added 125I (Perkin Elmer, N. Billerica, MA). This 
mixture was transferred to a septum-capped microfuge tube coated 
at the bottom with 20 ug of Iodogen (1,3,4,6-tetrachloro-3α,6α-
diphenyl glycoluril; Pierce Thermo Fisher, Rockford, IL). After 15 
minutes at room temperature, the antibody solution was removed 
from the reaction vial and purified by size-exclusion chromatography 
(MicroBioSpin 6, pre-equilibrated with PBS pH 7.2, containing 0.2% 
gelatin) to remove free iodide. Radiolabeled antibodies were stored 
at 4°C until use.
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Figure 1: Scheme for coupling 125I-labeled antibody to CLIO nanoparticles.



Citation: Knight LC, Romano JE, Krynska B, Faro S, Mohamed FB, et al. (2010) Binding and Internalization of Iron Oxide Nanoparticles Targeted To 
Nuclear Oncoprotein. J Mol Biomark Diagn 1:102. doi:10.4172/2155-9929.1000102

                                    
     

    
   

   
   

   
   

 O
M

IC
S Publishing GroupJ Mol Biomark Diagn

ISSN:2155-9929 JMBD an open access journal 
Volume 1• Issue 1•1000102

Page 3 of 6

 The method of coupling antibodies to nanoparticles is outlined in 
Figure 1. In order to accomplish the covalent coupling of antibodies 
to nanoparticles, 90 pmol aminated nanoparticles (CLIO-NH2, 10.4 ug 
Fe) in 10 ul of 25 mM sodium citrate buffer pH 8.0 was diluted with 
10 ul of 0.1M phosphate buffer, pH 7.4 and reacted with 4 ul (9 nmol) 
sulfo-SMCC (sulfosuccinimidyl-4-[N-maleimidomethyl] cyclohexane-
1-carboxylate; Thermo Fisher Scientific, Rockford, IL) dissolved 
immediately before use to 1 mg/mL in MilliQ water. This was allowed 
to react at room temperature for 2 hours to covalently attach 
maleimide functional groups to amino groups on nanoparticles, 
providing spacer arms of about 8.3 Å. The maleimido-NPs were 
purified on a MicroBioSpin 6 column (Bio-Rad, Hercules, CA) pre-
equilibrated with PBS pH 7.0. Concurrently, the antibody (188 pmol 
in 36 ul PBS pH 7.2) was reacted with 3.6 uL 2-mercaptoethylamine 
(2-MEA) solution (60 mg/ml) to cleave the immunoglobulin disulfides 
selectively in the hinge region to separate the antibody into two 
monovalent halves. This reaction was heated at 37°C for 90 minutes 
in a heat block, then purified on a desalting column (MicroBioSpin 6), 
pre-equilibrated with PBS pH 6.5, 1 mM EDTA. The free sulfhydryls 
in the antibody fragments were then coupled to the maleimide 
groups on NPs, forming thioether linkages. From the maleimido-NP 
preparation and the reduced antibody preparations, five separate 
coupling reactions were set up in order to couple T-antigen specific 
antibody and nonspecific antibody to the nanoparticles in various 
ratios. In separate microfuge tubes, required volumes of each 
reduced antibody (pAb416 or NSM) were mixed together and then 
maleimido-NP was added. In each reaction, there was 15 pmol of 
maleimido-NPs reacting with a total of 150 pmol of antibody (as 
half-IgG molecules), in ratios of 10:0:1, 7.5:2.5:1, 5:5:1, 2.5:7.5:1 
and 0:10:1 pAb416: NSM:NP. The reactions were allowed to proceed 
overnight at 4°C, after which the nanoparticles were separated from 
unbound antibodies using MicroSpin S-300 HR size-exclusion spin 
columns (GE Healthcare, Piscataway, NJ). The number of antibody 
fragments actually coupled to the nanoparticles was determined 
by comparing the concentration of separated unbound antibody to 
starting antibody by UV absorbance and radioactive counts. Size-
exclusion HPLC with a BioSilect 400-S column (Bio-Rad, Hercules, CA) 
eluted with PBS pH 6.8, was used to separate antibody from gelatin in 
order to determine the amount of pAb416 antibody that had bound 
to the NPs. The concentration of nanoparticles was determined by 
iron assay[17] with the assumption that each nanoparticle core has 
2064 atoms of iron[19]. The concentration of antibody fragments was 
divided by the concentration of nanoparticles to obtain the number 
antibody fragments per nanoparticle[20].

Cell binding studies using radiolabeled antibody conjugates

Cells of BSB8 mouse medulloblastoma cell line which expresses 
JCV T-Antigen [10] were grown at 37°C in 0.7% C02 in DMEM 
supplemented with 10% fetal bovine serum and antibiotics. Cells 
were seeded at a concentration of 105 cells per well in 24-well 
tissue culture plates. Cells were incubated in fresh media containing 
125I-antibody conjugates at a final concentration of 1 nM. Nanoparticle 
conjugates carried a total of 8 labeled antibody fragments, of 
which 8, 6, 4, 2 or none (control) were targeting antibody pAb416 
fragments. Unconjugated 125I-pAb416 (positive control) and 125I-NSM 
(negative control) were also tested at the same concentration as the 
NP-bound antibody. After incubation at 37°C for 1, 2, 6 or 24 hours, 
unbound conjugates were aspirated and cells were washed with 1X 
PBS. Surface-bound conjugate was determined by treatment with 
0.5 M NaCl, 0.2M acetic acid on ice for 5 minutes, after which the 
supernatant was aspirated and cells were washed with PBS. Finally, 

the washed cells were removed from the wells by treatment with 
0.05% trypsin/0.5 mM EDTA and were collected. Unbound, surface-
bound and internalized conjugates were counted separately for 125I 
content in an automatic gamma counter (Wizard 1480, Perkin-Elmer). 
The following were calculated:

Internalized = 	 Residual counts in cells 
Total of all fractions

Total bound = 	Surface bound + residual counts in cells 
Total of all fractions

Each condition was performed in triplicate and the results were 
averaged. The experiment was repeated on four different occasions 
to verify reproducibility. Results were expressed as total antibody 
molecules bound per cell and number of antibody molecules 
internalized per cell, based on an estimated 2 x 105 cells per well at 
the time the conjugates were added. The binding and internalization 
of 125I-pAb416 IgG or 125I-NSM IgG was calculated the same way.

The specificity of uptake was tested by adding a 100-fold excess 
of unconjugated pAb416 to one well, prior to adding 125I-pAb416-
NPs containing 6 or 8 pAb416 fragments per nanoparticle. After 
incubation for 1 hour, the cells were processed as described above. 
The results were compared with the results from a 1 hour incubation 
with 125I-pAb416-NPs alone. 

Preparation of nanoconjugates containing targeting antibody 
and membrane-translocating peptide

In order to test the effect of a membrane translocation peptide on 
the binding and cell internalization of the nanoparticles, a region of 
HIV-1 Tat responsible for internalization of the protein (Tat peptide) 
was attached to NP. The peptide Gly-Arg-Lys-Lys-Arg-Arg-Gln-Arg-Arg-
Arg-Gly-Tyr-Lys (fluorescein)-Cys (“Fl-Tat”) was custom synthesized 
(BioPeptide Co, San Diego, CA). CLIO-NH2 was reacted with sulfo-
SMCC as described above to prepare NP-maleimide. Different ratios 
of reduced Ab fragments (labeled with 125I) and Fl-Tat were added 
together to 15 pmol NP-maleimide. The ratios of reactants were 
2.5 :0 :1, 2.5 :2.5 :1 and 2.5 :7.5 :1 antibody :Tat :NP. After reacting 
overnight at 4°C, unbound antibody and peptide were separated 
from nanoparticles by MicroSpin S300HR size-exclusion spin 
columns. The unbound material was eluted from the spin columns 
and quantified. The amount of unbound antibody was determined 
by radioactive counts and the amount of unbound Tat peptide was 
determined by its fluorescein tag (absorbance at 494 nm). These were 
subtracted from the total antibody and Tat peptide originally added 
to determine the amount that had bound to the nanoparticles. The 
resulting conjugates with various levels of Ab and Tat peptide were 
tested for internalization by T-antigen positive cells. 

The 125I-labeled conjugates containing both antibody and Tat 
peptide were added at a concentration of 2 nM antibody to wells 
in which 1 x 104 T-antigen positive cells had been growing for 48 
hours. The conjugates were incubated with the cells for 24 hours, 
then the cells were processed to separate unbound and surface-
bound conjugates from internalized conjugates as above. These 
studies were performed in quadruplicate. Results were expressed 
as total nanoparticles bound per cell and number of nanoparticles 
internalized per cell, based on an estimated 2 x 104 cells per well at 
the time the conjugates were added.

Statistical analysis

Results are expressed as mean ± 1 standard deviation and were 
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analyzed by Students t-test (2-tailed). A value of p<0.05was used to 
reject the null hypothesis.

Results

Number of antibodies per nanoparticle conjugate

In order to determine the effect of increasing numbers of targeting 
antibody molecules per nanoparticle, nanoparticles were formulated 
to contain 2, 4, 6, or 8 T-antigen specific antibody fragments out 
of a total of 8 antibody fragments per particle. The number of 
antibody fragments coupled to the nanoparticles was determined 
by comparing the concentration of separated unbound antibody to 
starting antibody. Using the scheme shown in Figure 1 and under the 
reaction conditions used, 80% of added antibody consistently bound 
to nanoparticles. The number of antibody fragments per particle 
was a total of 8, with the difference made up with NSM, as shown 
in Figure 2. 

Cell binding studies using radiolabeled antibody conjugates

Nanoparticles with increasing amounts of anti-T-antigen antibody 
fragments were incubated with T-antigen positive medulloblastoma 
cells for up to 24 h. After incubation, the amounts of unbound 
antibody remaining in the culture media, antibody bound to the 
cell surface and antibody taken up by the T-antigen positive tumor 
cells were calcuated. All conjugates containing T-antigen targeting 
antibody bound to cells, with increasing levels over time (Figure 
3a). Maximal binding had still not been reached by 24 hours of 
incubation. During the incubation, up to 50% of bound counts were 
internalized by 24 hours (Figure 3b). There was no difference in cell 
binding or internalization between conjugates containing 2, 4, 6, 
or 8 Ab fragments per NP. Conjugates with only 125I-NSM antibody 
on NP, or unconjugated 125I-NSM antibody, had significantly lower 
binding and internalization than conjugates with 125I-anti-T-antigen 
(p<0.0003, p<0.003 vs. 8Ab frags/NP; p<0.0003, p<0.002 vs. 2Ab 
frags/NP, at 24 hr) demonstrating the specificity of the nanoparticle 
for the T-antigen expressing cells. Unconjugated 125I-anti-T-antigen 
antibody had slightly lower cell uptake compared with targeted NP 
conjugates (p<0.02 vs. 8 Ab/NP or 2 Ab/NP, at 24 hr) suggesting that 
the nanoparticle enhanced the ability of conjugated antibody to bind 
to the cell surface. The trends for cell surface binding (Panel A) and 
internalization (Panel B) were similar.

To further demonstrate specificity of the T-antigen targeting 
nanoparticle, pre-incubation of the cells in the presence of 100-fold 
excess unconjugated anti-T-antigen antibody prior to incubation with 
anti-T-antigen-NP. After incubation for 1 h, binding and internalization 
of 125I-anti-T-antigen-NP was found to be reduced by >80% (Figure 4). 

Binding and internalization of NPs containing antibody and 
Tat peptide

In order to determine whether a peptide encoding a Tat 
internalization sequence could facilitate uptake of the nanoparticle, 
nanoconjugates with various levels of 125I-Ab and Tat peptide were 
prepared and tested for uptake by T-antigen positive cells. The 
purified conjugates had the following average levels of antibody and 
Tat peptide per NP: 2:0, 2:2 and 2:6 Ab fragment: Tat peptide. After 
incubation with T-antigen positive cells for 24 hours, the cells were 
processed to separate unbound and surface-bound conjugates from 
internalized nanoparticles. As shown in Figure 5, at a level of 2 Ab 
fragments per nanoparticle, the presence of Tat peptide provides at 
most a slight enhancement of cell internalization (p<0.005) (Figure 

Figure 2: Antibody-nanoconjugates prepared.  Different number of targeting 
antibodies and nonspecific control antibodies were coupled to each particle so 
that the total number was 8 per nanoparticle.

8 Ab/CLIO 6 Ab/CLIO 4 Ab/CLIO 2 Ab/CLIO NSM-CLIO
(no Ab)

Ab (Targeting Antibody)

NSM (NonSpecific Mouse antibody)

Figure 4: Competition Study. Effect of excess unconjugated antibody on 
binding and internalization of 125I-Ab-NPs to T-Antigen positive cells.

Figure 3: Binding of conjugates to T-Antigen positive cells.  Effect of conjugate 
composition and time. A.  Total Binding of Conjugates. B.  Internalization of 
Conjugates. Ab = pAb416 anti-T-Antigen antibody.  NSM = nonspecific mouse 
antibody.  All conjugates were labeled with 125I.
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5b). Decreasing the relative number of Ab fragments to Tat peptides (2 
Ab:6 Tat/NP) did not increase the internalization of the NPs compared 
to 2 Ab:2 Tat or 2 Ab:0 Tat. It appears that the Ab fragments alone are 
capable of inducing internalization and that the addition of Tat did 
not appreciably affect uptake.

Discussion

We constructed nanoconjugates to specifically target JCV 
T-antigen expressing cancer cells. The ultimate goal is a multimodal 
nanoconjugate which can target cells, provide diagnostic images and 
perhaps deliver therapeutics.

The iron oxide nanoparticle synthesized and conjugated in 
this work (CLIO-NH2) is a well-characterized superparamagnetic 
MRI contrast agent [21]. The MR relaxation properties (R2 and R2* 
shortening effects) of the CLIO-NH2 particle can be exploited to 
generate unique MR contrast characteristics. Conjugated CLIO-NH2 

particles can then be used to generate diagnostic images pertaining 
to specific binding sites of the target cells. 

The nanoconjugates consisted of a core of crosslinked dextran-
coated iron oxide to which was coupled antibodies (anti-T-antigen 
and nonspecific) and peptide (Tat membrane translocation peptide). 
The present project was limited to in vitro studies in cultured cells 
to demonstrate the specific targeting and internalization of the 
nanoconjugate. An antibody fragment (Ab) which recognizes JC virus 
T-antigen was coupled to the CLIO-NH2 in order to achieve targeting 
of iron oxide nanoparticles to tumor cells. Several antibodies were 

initially screened and the one with the best binding to T-antigen 
positive cells was chosen for these studies.

It is well-known that in T-antigen-positive cells, T-antigen is 
primarily present in the nucleus and the presence of nuclear T-antigen 
in the BSB8 medulloblastoma cells has been previously described[10]. 
In order for nanoconjugates to be targeted to T-antigen-positive 
cells, the antigen also needs to be present on the surface of the cell 
membrane. In addition, the detection of the highly homologous SV40 
T-antigen within the cell membrane has also been described previously 
by others[22,23] (for review, see Butel et al[24]). The present studies 
suggest that there is some T-antigen present on the cell surface and 
that antibody-antigen binding results in internalization of antibody-
NP conjugates. 

The targeting antibody used in these studies was provided by 
the manufacturer as a dilute solution (0.2 mg/mL) containing 0.2% 
gelatin. Attempts to remove gelatin without loss of antibody was not 
successful (data not shown). The presence of gelatin was found to be 
important for recovery of antibody from centrifugal size exclusion 
columns used in purification steps. Thus, there was gelatin in the 
antibody preparation during the coupling to nanoparticles and 
a procedure needed to be chosen that would selectively couple 
antibody to nanoparticles without coupling gelatin. Because gelatin 
protein does not contain cysteine [25,26], an approach that involved 
partial reduction of IgG to generate sulfhydryl groups was chosen 
as an antibody-selective method for coupling. Treatment of antibody 
with 2-mercaptoethylamine is commonly used to selectively reduce 
disulfides in the hinge region of IgG. Attachment of the antibodies 
by the thiol group in the hinge region assured that the attachment 
would not interfere with the antigen binding site[27]. For stability, 
the method involving coupling of maleimide groups to sulfhydryl 
groups to form a thioether bond was chosen.

The nanoparticles used in this investigation are small, with a core 
of iron oxide 4.6 nm in diameter and a coating of 25 ± 6 dextran 
chains of 10 kDa each for an effective diameter of about 20 nm[19]. 
Theoretically, an antibody fragment could be coupled to the amine 
end of each of the 25 chains. However, we observed that when 
we coupled more than 8 antibody fragments per nanoparticle, the 
particles tended to aggregate and settle out of solution. Thus, we did 
not perform binding studies with more than 8 antibody fragments 
per nanoparticle.

There was no difference between 2, 4, 6, or 8 Ab fragments per 
nanoparticle in the level of binding and internalization. Thus, only 
2 Ab fragments per CLIO are needed for targeting. The presence of 
a large excess of unconjugated pAb416 reduced the binding and 
internalization of 125I-anti-T-antigen-NP by >80%, suggesting that the 
observed cell binding is due to a specific interaction between antigen 
and antibody which can be affected by competition. 

Conjugates with Tat peptide in addition to targeting antibody 
were prepared to enhance the internalization of the conjugates by 
the cells. The coupling of Tat peptides alone to the nanoparticles 
(without targeting antibody) cause nonspecific internalization by 
both T-Antigen positive and negative cells (data not shown). This 
has been well-established by others [13-15]. There was concern 
that the presence of Tat peptides on antibody-NP conjugates might 
induce nonspecific uptake into cells. However, in the T-antigen 
positive cells, the presence of up to 6 Tat peptides per nanoparticle 
did not increase uptake over what was observed with 2 antibody 
fragments per nanoparticle. In a separate experiment, a fluorescent-
tagged conjugate that contained both targeting antibody and Tat 

Figure 5: Effect of Tat peptide on binding to and internalization by T-Antigen 
positive cells. A. Total binding. B. Internalization. Nanoconjugates were 
composed of pAb416 antibody fragments and Tat peptides bound to the surface 
in 2:2:1, 2:6:1 or 2:0:1 ratios of antibody:Tat:NP.
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membrane translocation peptide (with an average of 6.3 Ab and 7.2 
Tat per CLIO) bound to T-Antigen positive cells at 2 and 24 hours (not 
shown). Uptake of the conjugate by T-Antigen negative cells was very 
slight, despite concerns that the Tat peptide might cause nonspecific 
internalization. Nanoparticles without targeting antibody or Tat 
did not bind to or enter cells (not shown). Nonspecific antibody 
(alone or bound to NPs) did not bind to cells. The presence of the 
Tat peptide together with Ab on the conjugate does not appear to 
provide an advantage over the use of the Ab fragment alone, as the 
Ab-NP without Tat was shown to be internalized by the cells. Further 
studies will be needed to elucidate the intracellular location of the 
internalized conjugates.

Conclusions
Two antibody fragments per nanoconjugate appear to be 

sufficient for cell targeting. Conjugates with targeting antibody bind 
to and are internalized into nuclear antigen-expressing cells. It was 
concluded that the presence of the Tat peptide together with Ab on 
the conjugate does not appear to provide an advantage over use of 
the Ab fragment alone. This antibody-NP conjugate is promising for 
further study.
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