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Abstract
Optimal PET imaging of tumors with radiolabeled engineered antibodies requires, among other
parameters, matching blood clearance and tumor uptake with the half-life of the engineered
antibody. Although diabodies have favorable molecular sizes (50 kDa) for rapid blood clearance
(t1/2= 30-60 min) and are bivalent, thereby increasing tumor uptake, they exhibit substantial
kidney uptake as their major route of clearance, which is especially evident when they are labeled
with the PET isotope 64Cu (t1/2= 12 hr). To overcome this drawback, diabodies may be conjugated
to PEG, a modification that increases the apparent molecular size of the diabody and reduces
kidney uptake without adversely affecting tumor uptake or the tumor to blood ratio. We show here
that site specific attachment of monodispersed PEGn of increasing molecular size (n= 12, 24, and
48) can uniformly increase the apparent molecular size of the PEG-diabody conjugate, decrease
kidney uptake and increase tumor uptake, the latter due to the increased residence time of the
conjugate in the blood. Since the monodispersed PEGs were pre-conjugated to the chelator
DOTA, the conjugates were able to bind radiometals such as 111In and 64Cu that can be used for
SPECT and PET imaging, respectively. To allow conjugation of the DOTA-PEG to the diabody,
the DOTA-PEG incorporated a terminal Cysteine conjugated to a vinyl sulfone moiety. In order to
control the conjugation chemistry, we have engineered a surface thiolated diabody that
incorporates two cysteines per monomer (four per diabody). The thiolated diabody was expressed
and purified from bacterial fermentation and only needs to be reduced prior to conjugation to the
DOTA-PEGn-Cys-VS. This novel imaging agent (a diabody with DOTA-PEG48-Cys-VS attached
to introduced thiols) gave up to 80 %ID/g of tumor uptake with a tumor to blood ratio (T/B) of 8
at 24h when radiolabeled with 111In and 37.9% ID/g of tumor uptake (T/B= 8) at 44h when
radiolabeled with 64Cu in PET imaging in an animal model. Tumor uptake was significantly
improved from the 50% ID/g at 24 hours observed with diabodies that were pegylated on surface
Lysine residues. Importantly, there was no loss of immunoreactivity of the site-specific Cys-
conjugated diabody to its antigen (TAG-72) compared to the parent, unconjugated diabody. We
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propose that thiolated diabodies conjugated to DOTAylated monodisperse PEGs have the potential
for superior SPECT and PET imaging in a clinical setting.
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INTRODUCTION
Optimal PET imaging of tumors with radiolabeled engineered antibodies requires, among
other parameters, matching blood clearance and tumor uptake with the half-life of the
engineered antibody (1, 2). Although diabodies have favorable molecular sizes (50 kDa) for
rapid blood clearance (t1/2= 30-60 min) and are bivalent increasing tumor uptake, they
exhibit substantial kidney uptake as their major route of clearance, which is especially
evident when they are labeled with the PET isotope 64Cu (t1/2= 12 hr). To overcome this
drawback, diabodies may be conjugated to PEG, a modification that increases the apparent
molecular size of the diabody and reduces kidney uptake without adversely affecting tumor
uptake or the tumor to blood ratio (3). Recently, we have shown monodispersed PEGs, as
opposed to polymeric PEGs, can not only achieve this goal, but also can incorporate
bifunctional chelators such as DOTA to allow preparation of a conjugate ready for
radiolabeling with a variety of radiometals (4). In that study, we synthesized a number of
monodispersed PEGs of different sizes starting from FMOC-NH-PEGn-COOH (where n=
12, 24, 24, and 48) that had DOTA at the “amino-” terminus and Cysteine at the “carboxy-”
terminus using a standard solid phase peptide synthesis approach. The product DOTA-NH-
PEGn-Cys, which had a free thiol was derivatized with vinyl sulfone, yielding a product that
could be conjugated to proteins by Michael addition to either thiol or amino groups by
control of the pH (5). Since the starting diabody had no surface thiol groups, all of the
conjugations were made to surface amino groups. Although, we were successful in
demonstrating the principle that addition of monodispersed PEG could favorably modify the
diabody improving biodistributions and subsequent imaging, this approach does not allow a
precise control of the addition of the PEG conjugates and may not be generally applicable to
diabodies where over-conjugation with PEG to amino groups may lead to decreased
immunoreactivity.

A potential solution to this problem has been proposed by a number of groups through
incorporation of site-specific amino acid replacements to add surface thiol residues into
intact antibodies. This included the recent study by Tinianow et al. (6) who generated a
thiolated MAb that was site specific conjugated to a maleimido-desferrioxamine and
radiolabeled with 89Zr for PET imaging. In that study the half-life of the radiolabel (t1/2=
4d) was well-matched with the blood clearance of an intact MAb (t1/2= 2-3d). However, as
noted by Janutula et al. (7), most single-site cysteine additions result in intermolecular
aggregation, variable conjugation and result in poor expression yield for large scale
processing. Furthermore, intact antibodies that were conjugated onto cysteine residues by
partial reduction of interchain-disulfide bonds had variable stoichiometry (zero to eight
drugs per antibody) and potentially yielded >100 species (7). For diabodies, both additional
C-terminal cysteine residues (8) and intra-chain disulfides (9) have been designed, although
production yields were low.

In this manuscript, we designed a stable intra-domain disulfide bond in a surface-exposed
region of the L1 loop in the VL domain of an anti-TAG-72 diabody. Molecular modeling
ensured the two cysteine residues were about 6-7 Ǻ apart and positioned so that their side
chain thiol groups were exposed to solvent and could form a disulfide bond. This resulted in
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a stable, well-folded diabody, produced by bacterial expression and which could be reduced
and conjugated to our previously described DOTA-NH-PEGn-Cys-VS where n= 12, 24, and
48 at pH 7, a pH where the Michael addition reaction is specific for thiols. The resulting
conjugates exhibited an average substitution of 3 PEGs per dimeric diabody out of a
theoretical maximum of 4 PEGs per diabody. When studied in a mouse xenograft model, the
three conjugates exhibited a monotonic decrease in kidney uptake in the order of n= 0, 12,
24, and 48, with n=48 giving the least kidney uptake (15 %ID/g at 4-72h) and the highest
tumor uptake (80 %ID/g at 24-72h). The series also gave a monotonic increase in blood
clearance in the order of n= 0, 12, 24, and 48, with n= 0 giving a blood clearance of t1/2=
0.5h, and n=48 a blood clearance of t1/2= 6.0h. Thus, it appears possible to fine-tune the
biodistribution properties of a thiolated diabody with site specific conjugation of
monodispersed PEGs. Since the n= 48 conjugate had the lowest kidney uptake, the highest
tumor uptake, and an acceptable tumor to blood ratio (T/B= 8), this conjugate was
radiolabeled with 64Cu (half life well matched to blood clearance) and subjected to PET
imaging in the mouse xenograft model. The resulting PET image was excellent in terms of
tumor to blood contrast (T/heart = 8) with minimal imaging of other organs including the
kidney and liver.

EXPERIMENTAL PROCEDURES
Materials, radiolabels, mass spectrometry

LS-174T cells were obtained from ATCC and maintained as previously described (10).
1,4,7,10-Tetraazacyclododecane-1,4,7-tris(t-butyl acetate)-10-acetic acid was obtained from
Macrocyclics, Inc., Dallas, TX. N-FMOC-amido-dPEG-12 (and -24) acid was purchased
from Quanta Biodesign Ltd (Powell, OH). 111In chloride was from Amersham, 64Cu
chloride from Washington University School of Medicine, St. Louis, MO. Mass spectra
were recorded on an Agilent 6520 Q-TOF LC/MS.

Construction, cloning, expression and purification of the anti-TAG-72 diabody AVP04-50
from AVP04-07

The parent anti-TAG-72 diabody (AVP04-07) (4) was based on V-domains from the parent
CC49 murine monoclonal antibody and derivative scFv fragments. The expression gene
cassette had codons optimized for E. coli expression with the orientation VH-VL joined by a
G4S linker and included a C-terminal His6 tail. Two cysteines were introduced by
replacement of Pro at FR1-8 and Leu at FR1-11 in FR1 of the VL domain (Kabat
numbering). This construct AVP04-50 was otherwise identical to the parent AVP04-07
except it contained two additional cysteine residues per scFv monomer (4 cysteines per
diabody). Molecular modeling had shown that these two cysteine residues were about 6-7 Ǻ
apart and positioned such that their side chain thiol groups could form a disulfide bond and,
since exposed to solvent, could be reduced and labeled. Methods for determining solvent
exposure or solvent accessible surface area included the Shrake-Rupley algorithm and
LCPO method (11). AVP04-50 was subcloned into E. coli BL21 (DE3)(F– ompT hsdSB(rB

-

mB
-) gal dcm (DE3)) (Novagen) and produced in an 18L fermentor. Bacterial lysate cleared

by centrifugation (16,000 × g, 30 min) and filtration at 0.45 μm was purified using a three-
step procedure (HisTrap, HiTrap SP HP, and Superdex 75 prep chromatography) on an
AKTA Purifier 10 (GE Healthcare, Uppsala, Sweden). In this respect, the introduction of
surface thiols into the L1 loop of the VL domain resulted in a well-folded diabody that could
be expressed and purified from bacterial cell culture with equivalent yields to those reported
earlier for the parent, non-thiolated, AVP04-07 diabody (4).
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Immunoreactivity
Binding of AVP04-50 to the TAG-72 antigen was determined using bovine submaxillary
mucin (BSM, Aldrich-Sigma (St. Louis, MO) in a column shift assay (Superdex 200).

Synthesis of DOTA-PEGn-Cys-VS and Conjugation to AVP04-50
N-FMOC-amido-PEGn-acid (where n= 12 or 24) was coupled to Cys-polystyrene Wang
resin, the FMOC removed, coupled to DO3AtBu-Acid, cleaved and purified by RP-HPLC,
reacted with a 10 molar excess of vinyl sulfone and repurified by RP-HPLC. DOTA-PEGn-
Cys-VS was reacted with reduced (10 molar excess of TCEP) AVP04-50 diabody in pH 7
PBS at a molar ratio of 50. PEG 48 was generated by coupling PEG24 twice followed by
coupling DO3AtBu-Acid with the remaining steps identical as above. All conjugates were
analyzed by mass spectrometry to determine their degree of substitution.

Radiolabeling of AVP04-50 and its conjugates
Radiometal labeling of DOTA-AVP04-50 was performed using 111InCl3 (0.15 mBq/μg)
or 64CuCl2 (0.37 mBq/μg) as previously described (12). Radiolabeling yields were typically
70-90%. The radiolabeled material was purified on Superdex-75 or 200 columns.

LS-174T Xenograft Model
Female, athymic nu/nu mice (Charles River Laboratories), 6 – 8 weeks old, were injected
with LS-174T cells (106) s.c. in the flank. After 10 days mice were injected i.v. with 150
kBq of 111In-labelled AVP04-50 (2-6 μg of total protein) for biodistribution studies. Mice
were euthanized at various time points: tumor, blood and major organs were collected,
weighed and counted. Time-activity curves were corrected for radioactive decay and
presented as percentage of injected dose/g tissue.

PET imaging
Tumor-bearing mice were injected i.v. with 64Cu-labeled DOTA-diabody or DOTA-PEGn-
diabody conjugate and imaged at 1, 4, 21-22 and 45-46 h with a small-animal PET scanner
(microPET Model R4; Siemens/CTIMI, Knoxville, TN). Mice anesthetized with isoflurane,
were scanned for 20 min for the 1 and 4 h time points, 45 min at 21-22 h and 60 min at
44-45 h. Data were sorted into two-dimensional sinograms using the Fourier rebinning
method and corrected for intrascan radiodecay, detector non-uniformity and random
coincidence noise. Images were reconstructed by the iterative three-dimensional ordered
subsets expectation maximization (OSEM) method (2 iterations, 12 subsets), followed by a
maximum a posteriori (MAP) algorithm (18 iterations) (13).

RESULTS
Generation and characterization of AVP04-50 Diabody

The parent anti-TAG-72 diabody (AVP04-07) (4) was based on V-domains from the parent
CC49 murine monoclonal antibody and derivative scFv fragments. The expression gene
cassette had codons optimized for E. coli expression with the orientation VH-VL joined by a
G4S linker and included a C-terminal His6 tail. Two cysteines were introduced by
replacement of Pro at FR1-8 and Leu at FR1-11 in FR1 of the VL domain (Kabat
numbering). This construct AVP04-50 was otherwise identical to the parent AVP04-07
except it contained two additional cysteine residues per scFv monomer (4 cysteines per
diabody). AVP04-50 diabody expressed in E. coli and purified by a three-step method eluted
as a single species on gel filtration as a monodispersed dimer with an apparent molecular
mass of 52.5 kDa. The overall yield was 50-75% with immunoreactivity >99% as judged by
a column shift assay (data not shown).
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Synthesis and biodistributions of DOTA-PEGn AVP04-50 conjugates
Commercially available monodispersed PEG building blocks were converted into
heterobifunctional reagents using a solid phase peptide synthesis methodology. First, we
synthesized DOTA-PEGn-Cys-VS derivatives where n= 12, 24, and 48 as summarized in
Scheme 1. Second, we conjugated DOTA-PEGn-Cys-VS to surface thiols of reduced
diabody at pH 7.0 at a molar ratio of 50:1 (5). The unconjugated and conjugated versions of
AVP04-50 were characterized by mass spectrometry (Fig 1). The unconjugated AVP04-50
had one major and two minor peaks, the major one (m/z= 26822) corresponding to the
expected mass including the His6 C-terminal tag, and a minor peak at m/z= 25,999
corresponding to the expected mass minus the His6 tag (a second minor peak corresponds to
loss of the His6 tag and two additional amino acids). The mass spectra of the conjugates
reveals the presence of both conjugated and unconjugated species demonstrating that the
two cysteines per monomer are not fully substituted. However, since there are two
monomers per diabody, the percent unsubstituted is reduced accordingly. Attempts to
increase the degree of substitution by the use of higher reagent to diabody ratios revealed
that no further substituion could be achieved. This result may indicate that the unconjugated
species may have reformed their disulfide bonds and that the monoconjugated species may
inhibit the addition of a second conjugate. The results may also indicate that the Michael
addition reaction is incomplete under these reaction conditions. Nonetheless, a comparison
of the spectra indicates a relatively uniform degree of substitution among the three
conjugates with substantial levels for the 0, 1, and 2 levels of substitution. There is also
evidence for a small amount of 3 substituents, perhaps due to a low level of reaction at
surface amino groups.

The three conjugates and the unconjugated diabody (conjugated to DOTA) were
radiolabeled with 111In, purified by size exclusion chromatography, and subjected to
biodistribution studies in athymic mice bearing LS-174T xenografts. The size exclusion
chromatography profiles reveal an apparent shift to higher molecular size in the order of n=
0, 12, 24, and 48 for the PEG size corresponding to apparent molecular weights of 50 kDa,
60 kDa, 70 kda, and 80 kDa, respectively (Fig 2). We conclude that increase in size of the
monodispersed PEG is responsible for the uniform increase in apparent size of the
conjugates. In all cases immunoreactivity of the conjugates was >95% (data not shown).
Three major observations can be made from the biodistribution results shown in Fig 3A-D.
First, the kidney uptake is uniformly reduced in the order n= 0, 12, 24, and 48 according to
PEG size. For n= 0, kidney uptake is highest at 24h with a value of 120 %ID/g, and lowest
for n= 48 at 24h with a value of 15 %ID/g. This corresponds to an 8-fold reduction in kidney
uptake. Higher n values for PEG were not tested due to their commercial unavailability and
the fact that increasing blood clearance would eventually lead to diminishing returns. Our
results are in agreement with the kidney threshold for protein clearance is about 70-80 kDa.
Second, tumor uptake is uniformly increased in the order n= 0, 12, 24, and 48 according to
PEG size. Thus, tumor uptake for n= 0 at 24h is 30 %ID/g, but rises to 80 %ID/g for n= 48
at 24h. Third, blood clearance uniformly decreased in the order n= 0, 12, 24, and 48
according to PEG size. For n= 0, the t1/2 was about 0.5h and for n= 48 about 6h. The
increase in blood clearance with n is expected to result in better absolute tumor uptake, but
can decrease the utility of the imaging agent if the T/B ratio starts to approach 1. A clinical
consequence is the need to wait longer times for optimal T/B ratios, along with the need to
match the radioisotope half-life with the blood clearance time. In this respect, the T/B for n=
0 is about 30 at 24h and decreases to about 8 at 24h for n= 48. In spite of these differences, it
should be possible to image as early as 8h for both conjugates; e.g., with the n= 0 conjugate,
T/B= 6 at 8h, compared to the n= 48 conjugate where T/B= 4 at 8h. However, the high
kidney uptake for the n= 0 conjugate and its reduced absolute tumor uptake compared to the
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n= 48 conjugate clearly make the n=48 conjugate the best choice of imaging agent for both
the 8h and 24h times.

64Cu PET imaging of DOTA-PEG48 conjugate of AVP04-50
Based on the 111In-biodistribution results above, we concluded that the best candidate
for 64Cu PET imaging would be the n= 48 conjugate. This conjugate was expected to
produce good tumor images as early as 8h, reach a maximum of tumor uptake at 24-48h, and
to have a very low kidney and blood background. Given the 12h half-life of 64Cu, imaging
longer than 48h is not feasible, especially in a clinical setting where large amounts of
isotope would be required to extend imaging to longer time periods. When comparing the
images of AVP04-50 with no PEG, PEG-12, PEG-24, and PEG-48, PEG-48 is the clear
winner in terms of absolute tumor uptake and lowest kidney uptake across the time points
measured (Fig 4) or interms of time-activity curves (Fig 5). As expected, PET imaging
of 64Cu-labeled DOTA-PEG48-AVP04-50 (Fig 4D) demonstrated modest tumor uptake by
4h and very high tumor uptake at 21h and 44h with very low backgrounds at the later time.
The measured tumor uptake for the PEG48 conjugate was 37.9 %ID/g at 44 h with a tumor
to blood ratio of 8 and a tumor to liver ratio of 4. Under these conditions of PET imaging
there was no interference from kidneys. The 64Cu-PET results are similar to those for
the 111In-labeled PEGn= 48 conjugate biodistribution study and suggest that choice of
radiometal has little effect on the biodistribution, an observation we made previously for an
anti-CEA diabody (10).

DISCUSSION
Although antibodies have become an important source of targeted therapies, their routine
use as imaging agents has not been fully realized. Obstacles to achieving this goal include
matching the blood clearance half-life of the antibody with the radioisotope, maximizing
both the absolute tumor uptake and tumor to blood ratio, and minimizing uptake into non-
target organs such as the liver and kidney. Although several obstacles have been addressed
by engineering antibody fragments of different molecular sizes, many of these approaches
have led to compromises such as increased T/B at the expense of decreased absolute tumor
uptake for scFvs (14). In this respect, diabodies that maintain the bivalency of intact
antibodies but have faster blood clearance, appear to be a good choice in terms of
maintaining good T/B ratios and absolute tumor uptake (15-18). With the selection of the
diabody as the best candidate for imaging, one is left with selecting the best radioisotope and
imaging modality. In terms of the latter, PET imaging emerges as the best choice in terms of
its inherent quantitative nature and its ability to render good images at tumor to tissue ratios
as low as 2:1 (19). In terms of the former, the choice of best PET isotope depends strongly
on matching the half-life with the blood clearance and consideration of non-target uptake.
Two radiometals, namely 64Cu and 89Zr, stand out as good candidates for PET imaging
because of their ease of preparation, uncomplicated decays, and adequate yield of positron
emissions (19). In terms of matching half-lives with blood clearance, 64Cu (t1/2= 12h) is
most appropriate for fast clearing diabodies, and 89Zr (t1/2= 4d) for slower clearing whole
antibodies. However, their use is often offset by the tendency of their antibody conjugates to
have high uptake in non-target organs. Alternatively, 124I (t1/2= 4d) has the attraction that it
is rapidly metabolized in the liver and kidney, reducing the uptake in non-target organs (20).
The chief drawback to the use of this isotope is reduced uptake in tumor due to uptake and
metabolism in the tumor itself if the antibody is internalized.

Given these considerations we chose to optimize imaging using 64Cu labeled diabodies
realizing that non-target organ uptake, especially the kidney, required more work. The
problem with kidney uptake is well-understood. The kidney is the major excretion route for
proteins with a molecular size less than 70 kda. Although such proteins are filtered by the
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kidney, they are re-absorbed in the tubules and subjected to rapid degradation and recycling
of their constituent components, some returned to blood and some excreted into urine. In the
case of radiometal conjugates, the chelate-metal complex is only slowly excreted and
therefore accumulates in the kidney. There are at least two potential solutions to this
problem, either blocking the initial uptake or raising the apparent molecular size of the
protein above the kidney threshold. Unfortunately blocking kidney uptake requires
administering high doses of amino acids such as lysine (21) and is never complete. Raising
the apparent molecular size of the protein has become the most attractive approach in spite
of the fact that this will also increase blood retention and reduce the T/B. Thus, to
effectively optimize this approach, one must carefully analyze a series of proteins that
uniformly assess the key parameters of blood clearance, absolute tumor uptake, and T/B.

In terms of the choice of diabody, we chose anti-TAG-72. The anti-TAG-72 antibody CC49
and a diabody derivative of CC49 have been previously described (22-25) and CC49 intact
IgG has been used in many clinical studies (26-28), making CC49 a good choice for a
comparative study. In order to uniformly increase the apparent molecular size of the
diabody, we engineered two cysteines per monomer into L1 of the VL domain. Using an
hexahistidine-tagged, E. coli produced version of the CC49 diabody, namely AVP04-50, we
found that an absolute tumor uptake in the LS-174T mouse model at 24 h of 30 %ID/g,
superior to that previously reported for a (scFv)2 version of CC49 (4 %ID/g) (29).

PEG was chosen as the best approach for modifying the apparent molecular size of the
diabody because of the extensive literature demonstrating its beneficial effects on preventing
rapid blood clearance of other proteins (30). We chose monodispersed rather than
polydispersed PEG because it was necessary to increase its size in discrete increments,
modify its structure to allow attachment of DOTA for radiolabeling purposes, and attach a
linker moiety for conjugation to the diabody. We chose vinyl sulfone as the linker because
of its ability to undergo site-specific Michael addition to cysteines engineered into the
diabody. In addition, we had previously shown that conjugation of DOTA-PEG-Cys-VS to
amino groups in the anti-TAG-72 diabody dramatically improved tumor uptake and reduced
kidney clearance (4). We now proceeded to improve our optimization of this imaging agent
by systematically examining the effect of different PEG sizes when conjugated to a thiolated
diabody in a site-specific manner.

The results were satisfying in that we observed a uniform decrease in kidney uptake with
increasing PEG size and a uniform increase in tumor uptake with increasing PEG size
without a substantial compromise in T/B. Based on the comparisons, we selected the PEG of
n= 48 for the optimal imaging agent and demonstrated excellent PET images at 24-48h
when DOTA-PEG48-diabody was radiolabeled with 64Cu. Taken together, the stable
production platform offered by antibody fragments (4), coupled to the advantages of site-
specific (thiol-targeted) conjugation for radiolabels (this manuscript) and new data on thiol-
targeted antibody-drug conjugations (31), now extends the clinical opportunities of
diabodies from SPECT and PET tumor imaging to drug-loaded delivery vehicles for tumor
therapy.
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Figure 1. High resolution nanospray mass spectrometry analysis of PEGn AVP04-50 conjugates
A. Deconvoluted mass spectrum for non-PEGylated diabody (n= 0). B. Deconvoluted mass
spectrum for PEG12 conjugate (n= 12). C. Deconvoluted mass spectrum for PEG24
conjugate (n= 24). D. Deconvoluted mass spectrum for PEG48 conjugate (n= 48). The
percent peak height for unmodified (0), mono-derivative (+1), and di-derivatives (+2) are
shown above the peaks. In the case of the PEG48 conjugate, the unmodified percent was
summed for the parent mass (26, 822) and the parent mass minus the His-6 tag (25,999).
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Figure 2. Size exclusion chromatography of radiolabeled uncojugated and PEGylated AVP04-50
diabody
All samples were radiolabeled with 111In and run on a Superdex 75 size exclusion column as
described in Methods (radioactivity in arbitrary units). Blue: DOTA- non-PEGylated
diabody conjugate. Red: DOTA-PEG12-diabody conjugate. Green: DOTA-PEG24-diabody
conjugate. Purple: DOTA-PEG48-diabody conjugate.
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Figure 3. Biodistribution of DOTA-PEGn-AVP04-50 conjugates in athymic mice bearing
LS-174T xenografts
The biodistribution of the constructs was determined in athymic mice bearing LS-174T
xenografts as described in Methods. A. 111In-DOTA-AVP04-50 (PEGn= 0). B. 111In-
DOTA-PEG12-AVP04-50 (PEGn= 12). C. 111In-DOTA-PEG24-AVP04-50 (PEGn= 24).
D. 111In-DOTA-PEG48-AVP04-50 (PEGn= 48). Key: yellow= kidney, dark blue= tumor,
red= blood, green= liver, light blue= lungs, magenta= spleen, orange= carcass.
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Figure 4. Serial PET imaging of 64Cu-DOTA-PEGn-AVP04-50 in athymic mice bearing
LS-174T xenografts
(A) PEG0, (B) PEG12, (C) PEG24 and (D) PEG48. Images are anterior-view maximum
intensity projections (MIPs) normalized to reflect radiodecay-corrected relative image
intensity per unit injected activity. Labels in red, green, yellow and turquoise respectively
show %ID/g in blood (heart), liver, kidney and tumor as measured by direct assay following
the final scan. Tumor weights at time of sacrifice were 314, 316, 382 and 341 mg in (A) -
(D) respectively.
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Figure 5. Time-activity curves derived from serial microPET studies depicted in Figure 4
A. PEG0. B. PEG12. C. PEG24. D. PEG48; 1 animal each).
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Scheme 1. Synthesis of DOTA-PEG-Cys-VS
FMOC-amido-PEG-acid was conjugated to S-t-butyl cysteine on Wang resin using standard
activation chemistry (DCC/HOBt). The FMOC was removed with piperazine and
conjugated to DO3AtBuAc using standard activation chemistry (DCC/HOBt). The product
was removed from the resin with TFA, purified by reverse phase HPLC, reacted with excess
vinyl sulfone in DMF, and repurified by reverse phase HPLC. N= 12 and 24. For N=48,
PEG24 was coupled twice prior to addition of D03AtBu-Ac.
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