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Affibody molecules present a new class of affinity proteins, which utilizes a scaffold based on a 58-amino acid
domain derived from protein A. The small (7 kDa) Affibody molecule can be selected to bind to cell-surface
targets with high affinity. An Affibody molecule (£&r2:349 With a dissociation constanikg) of 22 pM for binding

to the HER2 receptor has been reported earlier. Preclinical and pilot clinical studies have demonstrated the utility
of radiolabeled Zer2:342in imaging of HER2-expressing tumors. The small size and cysteine-free structure of
Affibody molecules enable complete peptide synthesis and direct incorporation of radionuclide chelators. The
goal of this study was to evaluate if incorporation of the natural peptide sequences cysteine-diglycine (CGG) and
cysteine-triglycine (CGGG) sequences would enable labeling of Affibody molecules®®ific. In a model
monomeric form, the chelating sequences were incorporated by peptide synthesis. The HER2-binding affinity
was 280 and 250 pM for CGGrgr2:342 and CGGG-4er2:342, respectively. Conjugates were directly labeled

with 2°"Tc with 90% efficiency and preserved the capacity to bind specifically to HER2-expressing cells. The
biodistribution in normal mice showed a rapid clearance from the blood and the majority of organs (except kidneys).
In the mice bearing SKOV-3 xenografts, tumor uptaké®f c-CGG-Zero:342Was HER2-specific and a tumor-
to-blood ratio of 9.2 was obtained @ h postinjection. Gamma-camera imaging WRHTc-CGG-Zero:342Clearly
visualized tumors 6 h postinjection. The results show that the use of a cysteine-based chelator éffaldes
labeling of Affibody molecules for imaging.

INTRODUCTION markers, or for receptors for which no naturally occurring
. ) ligands have been identified, such as HER2, which signal by
In recent years, progress in molecular biology has led to the peterodimerization with other receptor).(For this kind of

idelrtific?]t_iolﬂ? ofa rk;umberdof molecularfbiomarkers in malignarlw:t target, monoclonal antibodies or their Fab or Ffaftagments
cells, which can be used as targets for cancer treatment. FOhyqare mainly considered as targeting agents. Intact antibody
example, the elucidation of the role of tyrosine klnase receptors yjecules are large glycoproteins (about 150 kDa), which limits
enabled the development of therapy directed to disruption of X

their sianali A il h th be efficient their application in molecular imaging. This is due to their
eir signaling {). Apparently, such therapy can be efficient o4 el siow clearance from the blood circulation, which leads
only if a particular biomarker is present or overexpressed in a

particular tumor, i.e., this therapy should be personalized. By to a high background radioactivity and to their limited extrava-

now, the major way to determine the presence of a biomarkersation and diffusion into the tumob) The use of smaller
is a,biopsy JHowe\)/ler heterogeneity cF:f biomarker expression fragments, e.g., F(&h, has enabled high-contrast imaging of
causes two problems which may lead to false-negative findings,tumors 6). The development of even smaller engineered

i.e., sampling errors and discordance in the biomarker expressionanthOdy fragments, such as single-chain variable fragments

in primary tumors and metastas&. (The use of radionuclide (scFv), has become the mainstream for development of targeting
imaging may help to avoid these problems by imaging both agents for imaging?). Still, a decrease of the targeting agent

the whole primary tumor volume and the metastases in a singleSlze be_Iow the Siz€ Of. scFv (approximately 2.7 kDa) would _be
noninvasive procedure. appealing. To fulfill this goal, the use of honimmunoglobulin

The use of peptide receptor ligands or their analogues asscaffolds for selection of targeting proteins is promisi8y (

targeting agents provided excellent clinical results in the Affibody molecules are an example of nonimmunoglobulin
detection, e.g., of overexpression of somatostatin rece@prs ( Scaffolds, which have been successfully appliediforivo

This was also a spectacular demonstration of a potential of small,/maging. Affibody molecules are based on a 58-amino acid
high affinity peptides in radionuclide imaging. However, this residue protein domain, derived from the B-domain of staphy-

approach cannot be applied for imaging of nonreceptor tumor lococcal protein A §). This low-molecular weight (7 kDa)
cysteine-free three-helix bundle protein has become an attractive

alternative to antibody-based binding proteins in many applica-
tions in biotechnology, separomics, and analysis (see http://
www.affibody.com). Recently, a new anti-HER?2 targeting agent,
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sion of HER2 receptors occurs in 230% of human breast

and ovarian cancer, and its elevated expression is associated

with poor prognosisi2). Herceptin (trastuzumab; Genentech),

for treatment of HER2-positive tumors. For the moment, both
the American Association of Clinical Oncology and the

0
Q /_<
H H
a humanized monoclonal antibody, is approved for clinical use H: i
SH HN O
Kfo

European Group on Tumor Markers recommend an evaluation
of the HER2 status of each breast cancer in order to select

patients who will benefit from Herceptin therap¥3( 14). In
radionuclide tumor targeting, the radioiodinateib,(16) and
radiobrominatedX(7) bivalent Affibody ligands (4er2:.92 have
been reported to be suitable for visualization of HER2-
expressing tumors. Affinity maturation of theygko-4 Affibody
molecule generated a new HER-2 binding clone with a
dissociation constanKg) of 22 pM for binding to the HER2
receptor, 4er2:342(18). This Affibody molecule labeled with
iodine or indium radioisotopes showed an excellentizo
visualization of HER2-expressing tumor xenografts, (19).

Tran et al.

0 0

o f { i

H H NH H

H, )

SH e ° SH HN O
o)

HN HI
\ "

CGGG CGG maGGG

Figure 1. Chelator structures.

+1 position of the cleavage site, has also facilitated the
recombinant production of proteins with N-terminal cysteine
residues.

We hypothesized that the introduction of i&Tc-chelating
amino acid sequences cysteine-diglycine (CGG) and cysteine-
triglycine (CGGG) (Figure 1) at the N-terminus of Affibody
molecules would provide an attachment #Tc to the

The robust cysteine-free structure and the capability to quick Affibody, which is stable enough for am zivo application.

refolding enabled synthetic production of Affibody molecules
and incorporation of chelators during peptide synthesisrZ
342with a DOTA chelator introduced at N-terminal was labeled
with 111n and®Ga and was successfully used in a pilot clinical
study for imaging of HER2-expession in breast carcinor2@s (
21).

Apparently, the radionuclide technetium-99m would be an
attractive label for HER2-targeting Affibody molecules, due to
its many favorable features such as low price, high availability,
and optimal photon energy (140 keV) for imaging. Besides that,
its short half-life 12 = 6 h) is a good match to the
pharmacokinetics of Affibody molecules, which are character-
ized by rapid blood clearance. A site-specific technetium
labeling of Hig-(Zner2:492 With Tc(l)-carbonyl chemistry was
investigated 16). The radiolabeled conjugate provided good
tumor accumulation; yet the liver uptake was too high to make

it possible to detect liver metastases. For this reason, we starte

The aim of the present study was to evaluate the labeling
conditions and thén vitro andin vivo targeting properties of
the 9" Tc-labeled CGG- and CGGG-containinggkz:342 Affi-
body conjugates.

MATERIALS AND METHODS

Materials. Fmoc-Ala-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Asn-
(Trt)-OH, Fmoc-Asp(Bu)-OH, Fmoc-Cys(Trt)-OH, Fmoc-Glin-
(Trt)-OH, Fmoc-Glu{Bu)-OH, Fmoc-Gly-OH, Fmoc-lle-OH,
Fmoc-Lys(Boc)-OH, Fmoc-Met-OH, Fmoc-Phe-OH, Fmoc-Pro-
OH, Fmoc-SeitBu)-OH, Fmoc-Trp(Boc)-OH, Fmoc-Tytiu)-
OH, and Fmoc-Val-OH were all from Applied Biosystems
(Warrington, U.K.). Fmoc-Leu-OH was from Calbiochem-
NovaBiochem (Lafelfingen, Switzerland).

N-Methylpyrrolidone (NMP) and acetic acid were from VWR.
Dichloromethane and acetic anhydride were from Applied
(Eiosystems (Warrington, UKN-Ethyldiisopropylamine (DIEA)

nd piperidine were from Lancaster Synthesis (Morecambe,

to investigate alternative labeling strategies. Earlier we have k). Triisopropylsilane (TIS), trifluoroacetic acid (TFA), and

evaluated the incorporation of the mercaptoacetyltriglycyl-
containing chelating sequence, maGGG (MAG3), ¥¥Tc-
labeling of a synthetic variant ofi€r2:342(22). This conjugate
enables imaging of HER2-expression in LS174T and SKOV-3

tert-butyl methyl etherwere from Merck International. Ethanedithi-
ol (EDT) was from Aldrich Chemical Co. Inc. (Milwaukee, WI).
1-Hydroxybenzotriazole (HOBt) and 2Hitbenzotriazol-1-yl)-
1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU) were

xenografts, both at 6 and 24 h pi. However, an appreciable partfrom Advanced ChemTech (Louisville, KY).

of the 99T c-maGGG-Zer2:342C0Njugate was excreted via bile,
which might complicate the detection of HER2-expression in,

For use in comparative biodistribution experiments, the
synthetic Affibody molecule maGGGrér2-342Was labeled with

e.g., ovarian carcinomas or in extrahepatic abdominal metastase8®™Tc according to a previously published methd?)( A

of other tumors at the day of injection.
The strength of the Affibody technology lies in the capacity

to generate multimeric constructs and fusion proteins in order

to modify affinity/avidity, modulaten vivo kinetics, or introduce
a peptide/protein effector function. The use of dimerization to

increase apparent affinity has been mentioned above. A fusion

with an albumin binding domain (ABD) to the dimeric form of
Zuer2:3a2Was used to prolong residence time in the blood and
permit radionuclide therapy usiig’Lu (23). Obviously, such

constructs are too large (more than 100 amino acids) to permit

recombinant Affibody molecule (&r2:34) was indirectly ra-
dioiodinated using a succinimidyl ester @fiodobenzoate
according to Orlova and co-workersgj and designated &33-
PIB-Zer2:342 An Ultra-TechneKow generator from Tyco was
eluted with sterile 0.9% sodium chloride (Mallinckrodt Medical
BV, Petten, The Netherlands) to obt&fiTc as pertechnetate.
Instrumentation. An automated gamma-counter tvia 3 in.
Nal(Tl) detector (1480 Wizard, Wallac Oy, Turku, Finland) was
used to measure the radioactivity. An instant thin layer chro-
matography analysis was performed using silica gel impregnated
glass fiber sheets, ITLC strips (ITLC SG, from Gelman Sciences

peptide synthesis in a cost-efficient way, and recombinant |0y The Cyclone Storage Phosphor System and the OptiQuant
productionis therefore required. Although itis possible to couple jmage analysis software (both from Packard) were used to
different chelators to recombinant proteins, this would resultin measyre the radioactivity on the ITLC strips. The cells were
a heterogeneous mixture of conjugates with different modifica- counted in an electronic cell counter (Beckman Coulter,
tion degree. The use of site-specific labeling would always be Fyllerton, CA).In vivo imaging was performed by a dual-head
preferable, since it provides a more defined targeting agent. Ite. Cam gamma camera (Siemens Medical Systems, Inc.),
was reported earlier that the introduction of a terminal cysteine equipped with a low-energy, high-resolution collimator (LEHR).

in scFv fragments provides a chelating function f8fTc- The acquisition of static images was performed with a 256
labeling @4—26). Recent progress in biotechnology, e.g., an 256 matrix and a zoom factor of 3.2. The energy window
introduction of TEV protease2{) which tolerates cysteine at  settings were 140 keV, 15%.
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Peptide SynthesisZper2:342wWas synthesized using Fmoc-  BiaEval software (Biacore, Uppsala, Sweden) and the Langmuir
chemistry on a 433A Peptide Synthesizer (Applied Biosystems, 1:1 binding model were used for the kinetic analysis.
Warrington, U.K.) as previously describe@5. Ten molar Labeling with 2°™Tc. The analysis of the labeled Affibody
equivalents of amino acid were activated with HBTU and HOBt molecules was done by ITLC. To determine labeling yield and
in NMP for each coupling reaction. Fmoc deprotection was stability, ITLC strips were eluted with PBS. Validation experi-
performed by treatment with 20% piperidinBlMP. A double ments showed that pertechnetate, as well as tartrate, glucohep-
coupling procedure was used at 17 selected positions to increas¢onate, and cysteine complexe$%fTc migrated with the eluent
the synthetic yield, and acetic anhydride was used to cap anyfront, while the Affibody remained at the origin in PBS. To
remaining free amino groups. The peptide sequence is VENK determine the presence of reduced hydrolyzed technetium, ITLC
FNKEMRNAYWEIALLPNLNNQQ KRAFIRSLYDDPS QSAN- was eluted with pyridine:acetic acid:water (5:3:1.5). In this
LLAEAKKLNDAQAPK, with double coupled amino acids eluent, the technetium colloids remained at the origin, while
underlined. the radiolabeled Affibody, pertechnetate, and tartrate complexes

After the automatic assembly ofiZzza43 the N-terminal of ~ Of **"Tc migrated with solvent front.
the peptide was manually extended with the Tc-chelating Two variants of labeling procedures were evaluated.
sequences CGG and CGGG by coupling each amino acid with ~ Indirect labeling of CGGG-Zera:342Was performed accord-
5 mol equiv of amino acid, HBTU, and HOBt and 10 equiv of ing to Winnard et al. Z9). CGGG-Zgr2:342(20 uL, 1 mg/mL
DIEA in NMP for 20 min. 20% piperidineNMP was used for ~ in deionized degassed water) was mixed with,800f PBS
removal of the N-terminal Fmoc protecting group. Kaiser tests and 20uL of a solution containing Na/K tartrate in 0.5 M
were performed to evaluate if the acylation and deprotection NaHCG; and 0.25 M NHOAc. If necessary, 0.15 M NaOH
reactions were successful or had to be repeated. The manuafvas added to keep the pH of the final mixture at about 11. A
coupling step of the chelators was used, since it is a rapid andfresh"Tc-generator eluate (58504L) followed by SnC}
easy way to introduce different chelating amino acid residues. 2H20 in 0.01 M HCI (10uxL, 1 mg/mL) was added, and the

The resin-bound peptide was incubated with TFA/EDT/TIS/ mixture was mcubated at room temperature for 60 min.
H20 (94:2.5:2.5:1) fo 2 h to remove permanent protecting Direct labeling: 20 uL of CGG-Zigra:3420r CGGG-Zigro:
groups and liberate the peptide from the solid support. The 342 (1 mg/mL in deionized degassed water) was mixed with 20
peptide was extracted tert-butyl methyl etherH,O (50:50), uL 0f 0.15 M NaOH to obtain a final pH of about 11. A solution
filtered, and lyophilized. The crude synthetic product was ©f SNCk2He0 in 0.01 M HCI (10uL, 1 mg/mL) was added to
analyzed by analytical RP-HPLC using a 4:6 150 mm the mixture, followed by 108200 uL of fresh pertechnetate

polystyrene/divinylbenzene matrix column with a particle size SC!Ution. The mixture was slightly vortexed and incubated at
of 5 um (Amersham Biosciences, Uppsala, Sweden), a 20 min 00T témperature f°£960 min. o

gradient of 26-60% B (A: 0.1% TFA-H,0, B: 0.1% TFA- After being labeled?*"Tc-CGG-Zigrz:342and* " Tc-CGGG-
CH3CN) and a flow rate of 1 mL/min. All peptides were purified Znerz:42 Were isolated from unreacted technetium and other
using a 20 min gradient of 2545% B. The pure product was low-molecular we_lght components using size-exclusion chro-
lyophilized, and the final peptide concentration was determined matqgrqphy on disposable NAP-5 columns _(Amersha.m Phar-
by amino acid analysis (Aminosyraanalyscentralen, Uppsala, macia Biotech AB, Uppsala, Sweden) preequilibrated with PBS.

Sweden). To verify the identity of the peptides, the peptide mass The purity of the final product was assessed by analysis with
was analyzed on a Q-Tof Il mass spectrometer fitted with an o . ) .

ESI source (Waters Corporation, Micromass MS Technologies, Stability Test. T_he stability O_f the labeled Affibody conu-
Manchester, U.K.). The Maximum Entropy 1 (MaxEntl) gates was tested in PBS and in 300 molar excess of cysteine.

algorithm was used to deconvolute the isotopic and charge statééggr Eur]cifli:g:gtsioq,hloo/TLtpf labeled Cionjlégattes Wats addedtto
information. For the labeling experiments, the freeze-dried #- 0 - 1he solutions were stored at room temperature

peptides were dissolved in degassed, deionized water to afor 2 h and were analyzed using ITLC. In the cysteine challenge

; o test, a fresh solution of cysteine was prepared (1 mg/mL in PBS,
con.centrat_lon of 1 mg/m!_ af‘d were store_d—aﬂo _C pH 7.0). The radiolabeled conjugates were added to a final molar
Biophysical Characterization. The melting point of each i of cysteine to peptide of 300:1. The test tubes were

peptide was determined on a Jasco J-810 spectropolarimetef,pated fo 2 h at 37°C, and the radiochemical purity was

(JASCO, Tokyo, Japan). The temperature was increased fromanayzed using ITLC. All experiments were performed in
20 to 90°C at a rate of 5°C/min, and the absorbance was triplicate.

detected at 221 nm. In addition, CD spectra were recorded from 14 on4 i
. yze the serum stability, blood was collected from
250 to 195 nm at 20C before and after melting. The sample N MR mice using a heparinized syringe. The blood was

concentration was 5AM in PBS pH 7.4 and the optical path  centrifuged at 500§ and serum was collected, divided into 0.5
length was 1 mm. mL aliquots, and stored frozen before use. Serum samples were
Biosensor Analysis The binding kinetics of the different  unfrozen immediately before the stability test. The test was
peptides were compared by performing a real-time biospecific performed in triplicate. The serum samples (240 were mixed
interaction analysis on a Biacore 2000 instrument (Biacore, with freshly labeled® Tc-CGG- and®"c-CGGG-Zigr2:342
Uppsala, Sweden). HBS (10 mM HEPES, 150 mM NacCl, 3.4 (10 uL) to obtain an Affibody molecule concentration similar
mM EDTA, 0.005% Surfactant P20, pH 7.4) was used as to their concentration in blood at the moment of injection. The
running buffer at a flow rate of 50L/min, and also for dilution samples were incubatedrft h at 37°C. After incubation, the
of the samples into the concentration range-8 nM. 500 tested samples were analyzed by SDS-PAGE on NuPAGE
RU (response units) of recombinant extracellular domain of 4—12% Bis-Tris Gel (Invitogen) in MES buffer (200 V constant,
HER2 (a generous gift from Prof. Gregory Adams, Fox Chase 35 min). To facilitate interpretation of the result, a sample of
Cancer Center, Philadelphia, PA) and 900 RU of human serum %"Tc-pertechnetate was run in parallel with the test sample on
albumin, HSA (KabiVitrum, Stockholm, Sweden), were im- the same gel. After the analysis, the gels were dried, and
mobilized onto a CM5 sensor chip (Biacore, Uppsala, Sweden) radioactivity distribution along the gels was evaluated using
from 20 ug/mL solutions in 10 mM NaAc pH 4.5. The Cyclone Storage Phosphor System.
association time was 5 min, and the dissociation time was 10 Cell Culture. The HER2-expressing ovarian carcinoma cell
min, followed by regeneration with 20L of 20 mM HCI. The line SKOV-3, displaying approximately 1. 10° HER2
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Table 1. Peptide Synthesis and Characterization Data I

M Tc-pertechnetate —_—

synthetic  theoret exptl Kb T A
peptide yield (%) mw(Da) mw(Da) (pPM) (°C) | !
ZHER2:342 21 6718 6718 80 64 99m ~ i |
CGG-Zierz:342 16 6993 6992 280 68 Te-CGG-Znerasn
CGGG-Zier2:342 16 7050 7050 250 68 \ f |
. |

Table 2. Labeling andin Vitro Characterization of Radiolabeled \
Conjugates

OMTC-CGGG-Zigrzaaz  2"TC-CGG-Zier2:342 'I [

indirect direct direct Pl |
labeling yield, % 53.8-10.1 90.4+ 3.9 94.1+ 2.6 '
isolated yield, % 49.3 9.1 72.4+58 69.0+ 4.0
purity, % 98.0+15 98.1+2.0 99.0+ 1.0
antigen binding 75.0+11.6 62.5+-13.4 57.1+ 1.7 el oo Samiaace

capacity
stability during 66.9+ 14.6 69.6+ 6.2 70.8+ 6.3
cysteine challenge B
PBS stability 85.0£17.0 82.7+4.6 90.6+ 4.6
I

receptors per cell, was used in this study. The cell line was 9L - CGGG-Znerassia | ||
cultured in McCoy’s medium (Flow Irvine, UK), supplemented ' [ |
with 10% fetal calf serum (Sigma), 2 mM L-glutamine, and N J |

PEST (penicillin 100 U/mL and 100g/mL streptomycin), all (l ||
from Biokrom Kg, Germany. The cells were cultured at°&7 I |
in a humidified incubator with 5% Cgand trypsinized using [ .
trypsin—EDTA solution (0.25% trypsin, 0.02% EDTA, Biokrom (1

Kg, Germany). The SKOV-3 cells were cultivated on Petri f '-,l f \

dishes with a diameter of 3.5 cm to a cell density of 2 tg 5 [\ i

10P cells per dish. e W
Binding Specificity of %™ Tc-Labeled Conjugates to HER2- = ---_-_-:_-_-.-_:::"_”;:::i:::.‘:r:;;:;:;::r—mﬂ?fw T,

Expressing Cells Labele_d conjugates were z_added to two groups Figure 2. Analysis of ®"c-CGG-Zieraas (A) and ®Tc-CGGG-

of Petri dishes (three dishes per group) with a calculated ratio 7 .. ... (B) stability in serum. A sample of each conjugate was
of one labeled Affibody conjugate per one HER2 receptor. One incubated in blood serum fdl h at 37°C and analyzed using SDS
group of dishes was presaturated with a 100-fold excess of PAGE and radioactivity distribution on the gel was measured using a

nonlabeled Affibody 10 min before the labeled conjugate was Phosphorimager.
added. Cells were incubated fbh at 37°C, and the incubation
media was collected. The cell dishes were washed six times
with cold serum-free medium and treated with 0.5 mL trypsin
EDTA for 10 min at 37°C. When the cells were detached, 0.5
mL complete medium was added to each dish and the cells were
resuspended. The cell suspension was used for radioactivity
measurements.

Cellular Retention after Interrupted Incubation with
99MTc-Labeled Zyero:342. Labeled conjugate, 0.8 ngAells,
was added in 1 mL of complete medium to a series of Petri
dishes containing SKOV-3 cells. The dishes were incubated for

100

» o 1B1PIB-Z e ro 50
—6—%"c-CGG-Zgra342

Cell-associated activity, %

2 h at 37°C, and the incubation medium was removed. The 201 o 99N T CGGG-Zygro 342

cells were washed six times with ice-cold serum-free medium,

and after addition of 1 mL of complete medium, the cell dishes (] Y Y Y T J
were incubated further at 37C. At designated times of 0 5 10 15 20 25
incubation (0.5, 1, 2, 4, 8, and 24 h), a group of three dishes Time, h

was analyzed for cell-associated radioactivity. The media were Figure 3. Cell-associated radioactivity as a function of time after
collected in scintillation tubes, and the cells were washed six interrupted incubation of SKOV-3 cells with radiolabledege#z:342
times with ice-cold serum-free medium and treated with 0.5 j’hebc?_ll-associated _:jadiogctivi%g; tirBetzero after thte dinterjr;pted
H : H e Incupation was consiaerea as 0. Dala are presentea as-mean
mL of trypsin-EDTA SOIUUOD for 10 min at 37C. After addition SD (nh = 3). Error bars might not be seen, becaﬁse they are smaller
of 0.5 mL of complete medium, the cells were resuspended and,,, point symbols.
collected in scintillation tubes. The radioactivity content of the
samples was measured on an automated gamma-counter.  The cells were gently resuspended and incubated fo at 4
Antigen Binding Capacity. The SKOV-3 cells were scraped  °C under slight shaking. After incubation, the cells were
from the surface in order to preserve the receptor expression.centrifuged (8 min at 75@), and 0.5 mL supernatant medium
After resuspension of scraped cells in medium, the cells were was taken to a separate Eppendorf tube. The radioactivity was
counted in an automated cell counter, and cell pellets containingmeasured on both samples, and the antigen binding capacity
6 x 10° cells were formed in Eppendorf tubes by gentle (ABC) was calculated as AB& (A — B)/(A + B) x 100%,
centrifugation (2 min at 25@f). The analysis was done in  whereA is the radioactivity of the Eppendorf tube containing
triplicate. The supernatant was removed completely, and 1 mL both the cell pellet and 0.5 mL supernatant, a@ds the
of medium with labeled conjugate (with a ratio of approximately radioactivity of the Eppendorf tube containing 0.5 mL super-
one Affibody molecule per 100 HER2 receptors) was added. natant only.
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Figure 4. Biodistribution of radiolabeled Affibody molecules in NMRI normal raid h pi. Data are presented as an average from four animals
+ SEM. ®"Tc-maGGG-Zerz:3a2Was included in the experiment for comparison. Uptake in spleen and muscle was less than 0.3% IA/g.

501 ) groups with four animals each. Each group of mice was injected

401 L travenous subcutaneously withzdg (~ 100 kBq in 100uL of PBS) of

30- - 99T c-CGG-Ziero:343 9™ c-CGGG-Ziera:342(directly labeled),

204 99T ¢c-CGGG-Ziera:242(indirectly labeled), oP*"Tc-maGGG-

Zyer2-343 respectively. After 4 h, the mice were euthanized, and

g 11 (p] | samples of blood, lung, liver, kidney, stomach, salivary glands,
= 51 spleen, muscle, and intestines were collected.

4 In a separate study, two groups of four animals each were

3 injected with the same batch & Tc-CGG-Zer2:343 but one

24 group was injected intravenously and another subcutaneously.

1 After 4 h, the mice were euthanized and the biodistribution of

o .n,-_n,-_l:l,l_n,-_n,l_- radioactivity was performed as described above.

Tumor Targeting in Balb/c nu/nu Mice with SKOV-3
Xenografts. Sixteen mice were randomly divided into four
groups with four animals each. One group of mice was injected

. o ) . subcutaneously with 0.5 mg of nonlabeled recombinant
Figure 5. Biodistribution of**™Tc-CGG-Zer2:342in NMRI mice after

; ity ] Zuer2:342in 250 ul of PBS 1 h before radioactive injection.
intravenous and subcutaneous injection (4 h pi). Data are presented a: = - .
an average from four animals SEJM_ (4 h pi) P All mice were sc co-injected witPP"Tc-CGG-Zyer2:342and123-

) ) PIB-Zyer2:342 (totally 1ug Affibody ligand, totally~100 kBq
Animal Model. The animal study was approved by the Local iy 100 4L of PBS). After 1, 4, ad 6 h pi, respectively, the

Ethics Committee for Animal Research. In comparative bio- mice were euthanized as described earlier. The mice in the
distribution studies, non-tumor-bearing NMRI mice were used. pjocking group were euthanidet h pi. Organ and tissue samples
In tumor targeting and imaging experiments usifigl c-CGG- were taken, and their radioactivity uptake was determined as
Zuerz:343 female Balb/c nu/nu mice were used. The animals percent injected activity per gram tissue (%IA/g).

(10—-12 weeks old at arrival) were acclimatized for one week  5amma-Camera Imaging of HER2-Expressing Xenografts

at the Rudbeck laboratory animal facility using standard diet, Using 99™Tc-CGG-Zera-as2. Experimental tumor imaging was
bedding, and environment before tumor implantation. The tumor performed in two mice béaring SKOV-3 xenografts. The animals
was grafted by subcutaneous (sc) injectiomdft’ SKOV-3 were intravenously injected through the tail with 3 MBq (10
cells in the right hind leg. Xenografts were allowed to develop 1g) 9"Tc-CGG-Zieraaaa Six hours after injection ofomTc-

during 2 r_nor_lthg. ) ) . i CGG-Zer2:342 the animals were killed by overdosing of
In all biodistribution studies, the mice were euthanized at rompun/Ketalar. Imaging was performed using a Siemens
predetermined time pgints with an intraperitoneal injection of gamma-camera equipped with a LEHR collimator at the
Ketalar-Rompun solution (20L of solution per gram of body  pepartment of Nuclear Medicine of Uppsala University Hos-
weight: Ketalar [ketamine], 10 mg/mL; Rompun [xylazin], 1 jia. Static images were collected during 10 min, and the images
mg/mL). The mice were punctured in the heartfwét 1 mL were evaluated with a Hermes system (Nuclear Diagnostic). A

syringe rinsed with diluted heparin (5000 IE/mL, from Leo g antitative analysis was done by drawing equal regions of
Pharma, Copenhagen, Denmark). Blood and organ samples wergyarest (ROI) over the tumor and contralateral thigh.
taken and weighed, and their radioactivity was recorded using

an automatic gamma-counter with stand®fec protocol. The RESULTS

background was measured for each sample holder in the same

way. The tissue uptake values were calculated as percent injected Peptide Synthesis The Fmoc solid-phase synthesis of

activity per gram tissue (% IA/g). Zyerz:342resulted in a yield of 21% of the full-length peptide,
Comparative Biodistributions in Non-Tumor-Bearing as determined by analytical RP-HPLC. TA¥Tc-chelating

NRMI Mice . Sixteen mice were randomly divided into four sequences of CGG or CGGG introduced N-terminally by manual

blood
lung
liver
spleen
stomach
kidney
salivary
muscle
bone
intestine
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Table 3. Biodistribution of 99™Tc-CGG-Znerz2:342 and 124-PIB-Z yerz:342 in Balb/c nu/nu Mice Bearing SKOV-3 Xenografts. Data Are Presented
as % IAg (an Average From Four Animals + SEM)

1lh 4h 6h
organ 99mTc 129 99T ¢ 99T ¢ block 125 129 pblock 99mT ¢ 129

blood 2.32+ 0.44 3.75+ 0.61 0.84+ 0.20 1.07+0.14 0.72+ 0.20 0.52+ 0.10 0.62+£ 0.08 0.25+0.04
lung 1.80+ 0.36 2.96+ 0.47 0.69+ 0.12 0.95+ 0.1# 0.71+0.19 0.53+0.14 0.50+ 0.14 0.35+0.14
liver 2.57+ 0.46 5.38+ 1.04 1.32+0.16 1.33+£0.35 0.80+ 0.13 0.68+ 0.35 0.97£0.09 0.27+0.04
spleen 0.8 0.16 2.06+ 0.21 0.43£0.19 0.58+ 0.30 0.30+ 0.06 0.33£ 0.24 0.37£0.15 0.12+0.07
kidney 67.62+ 12.85 34.76- 4.72 58.84+ 8.76 53.96+ 7.23 19.044.70 11.83+1.48 40.02t 4.00 7.75+ 0.7

stomach 5.33 1.00 2.45+ 0.63 3.514+0.39 544+ 1.16¢ 0.99+ 0.40 0.61+ 0.05 3.36+ 0.70 0.414+0.12
salivary gland 4,95 1.20 2.65+ 0.51 417+ 0.73 6.15+ 0.9C¢° 1.31+0.23 0.91+ 0.2¢ 2.52+0.74 0.404+ 0.22
thyroic? 0.27+ 0.08 0.19+ 0.07 0.19+ 0.04 0.33£0.19 0.26+ 0.09 0.25+ 0.15 0.16£ 0.01  0.34+0.08
tumor 3.36+ 0.78 3.514+ 0.62 4.23+1.03 1.26+ 0.14 3.684+0.98 0.84+ 0.13 5.69+ 2.29 5.38+2.14
muscle 0.34+ 0.08 0.53+0.11 0.24+ 0.05 0.26+ 0.05 0.18+ 0.04 0.13+ 0.04 0.14+ 0.04  0.04+0.03
bone 0.98+ 0.64 0.67+ 0.30 0.36+ 009 0.40+ 0.19 0.16+ 0.09 0.17£0.13 0.45£0.29 0.07+0.06
intestind 7.77+1.62 6.194+ 0.55 17.10+ 0.83 17.274+ 3.88 3.72+ 0.44 2.63+0.72 9.75+ 3.11 2.03+ 2.30

aData for thyroid are presented as % IA per orgaBata for intestine with content are presented as % IA per whole safmtatistically significant
difference,p < 0.05.

synthesis, both resulting in total synthetic yields 16% (Table could be blocked with receptor saturation by 100-fold excess
1). After purification with RP-HPLC, the purity was higher than of unlabeled Zgr2:342 (data not shown). The antigen binding
90%. ESI-MS was used to verify the molecular weight of the capacity was estimated to be around 60% for directly labeled
peptides. For the MS analysis, the thiol groups were capped " Tc-CGG-Zigr2:342 and 9" Tc-CGGG-Zigr2:342 The differ-
with iodoacetamide, resulting in an additional mass of 57 Da. ence in antigen binding capacity between directly and indirectly
The data obtained correlated well with the expected masseslabeled®™c-CGGG-Zierz-342Was not statistically significant.
(Table 1). It should be noted that the testing method used in this study
Biophysical Characterization. The stability of the secondary ~ provides lower value in comparison with the Lindmo analysis
structure of the different proteins was studied at variable but is much less laborious. We use it for comparison of
temperatures. The melting temperatures of the CGG and CGGG-conjugates, not to obtain a true value for binding to an infinite
modified peptides were 68C (Table 1). The CD spectra were excess of antigen. The cellular retention for the conjugates is
recorded before and after melting of each peptide, and all illustrated in Figure 3*"c-CGG-Zigr2:342and %" c-CGGG-
generated very similar spectra, showinghelical structure, Zuero:342 displayed similar patterns at all time points. For
suggesting that the proteins refold after heating t¢©0 comparison, the retention of a radioiodinated Affibody via a
Biosensor Analysis The binding kinetics of the different Tc-  p-iodobenzoate linkef?4-PIB-Zyer2:342(18), was also included,
chelating proteins were compared in a biospecific interaction and it was found that th€™c-labels exhibited higher retention
analysis on a Biacore 2000 instrument. As shown in Table 1, than the radioiodinated conjugate € 0.001), with about 50%
both conjugates showed similar affinities to surface-immobilized cell-associated radioactivity 24 h after interrupted incubation,
HER2 receptors: 280 pM and 250 pM for CGGe&z:3s2and compared to 40% for iodine label.
CGGG-Zier2:342, respectively. Comparative Biodistribution in Non-Tumor-Bearing NMRI
Radiolabeling. As displayed in Table 2, the efficiency of Mice. Figure 4 presents the biodistribution of the labeled
the direct labeling of cysteine-containing Affibody molecules conjugates in normal méc4 h pi. For comparison, we also
was much higher than for the indirect labeling methe®Q% included the previously describ@8dTc-maGGG-Zigr2:342(22)
vs 54%). The isolated yield from size-exclusion chromatography in the study. The biodistribution studies showed rapid renal
using NAP-5 columns was about 70% from the direct labeling excretion with about 50% I|A/g trapped in the kidneys for
and about 50% from the indirect method. Typically, the °°"Tc-CGG- and CGGG-Zr2:342(both directly and indirectly
radiochemical purity of conjugates after NAP-5 separation was labeled 4 h pi, while the®*"Tc-maGGG-Zier2:342 displayed
over 98% for both labeling methods. The presence of reducedmuch lower uptake, less than 7% IA/g. In the previous study
hydrolyzed technetium was less than 2% in all experiments (dataof *"™Tc-maGGG-Zier2:342(22), we found that a high percent-
not shown). age of radioactivity was accumulated in the gastrointestinal tract,
Stability and Cell Binding of Labeled Conjugates Thein likely due to its excretion via the bile. In this study, we observed
vitro stability of the labeled conjugates was evaluated in PBS that the hepatobiliary excretion of the Affibody molecules was
and cysteine. The incubation of the labeled Affibody molecules reduced with the use of CGG and CGGG chelators. The detected
for 2 h in thepresence of 300 molar excess of cysteine showed uptake in the intestines with their contents was about 12% IA/
a reasonably high stability. Most of the radioactivity (ap- Whole organ, an almost 3-fold reduction compared to when
proximately 70%) oPo"Tc-CGG-Zier2:342and29"c-CGGG- maGGG was used as chelator (32% IA/whole organ). Low levels
Zuer2:3s2Was still attached to the labels. The stability in PBS of radioactivity were found in blood, lung, liver, stomach,
was even higher, especially fTc-CGG-Z gr2:3s2With 90% salivary glands, spleen, and muscle for all conjugates.
attachment of technetium to the conjugate (Table 2). The influence of injection route (intravenous or subcutaneous)
The results of plasma stability test (Figure 2) showed that on the biodistribution of*"Tc-CGG-Zierz:3s2Was also evalu-
the conjugates were stable dugith h at 37°C. No release of  ated. The comparison showed that biodistributbh pi was
radioactive low-molecular-weight products or association with similar in both cases (Figure 5), with a small but significant
serum proteins was observed. A small amount of radioactivity increase of radioactivity in liver, stomach, and salivary gland
was associated with proteins bigger than #9&Tc-CGG- after subcutaneous injection. These results indicate a quick
Zuer2:342 peak (Figure 2.A), which can indicate some tran- drainage of Affibody-based conjugates by lymphatic system.
schelation to blood plasma proteins. Tumor Targeting in Balb/c nu/nu Mice with SKOV-3
The binding specificity of°"Tc-CGG-Zgro:342and 29" Tc- Xenografts. Thein vivo tumor-targeting properties §#™c-
CGGG-Zer2:342Was evaluated in the HER2-expressing ovarian CGG-Zqer2:342Were evaluated through biodistribution studies
cancer cell line SKOV-3. The binding was specific, since it on mice bearing HER2-expressing SKOV-3 xenografts, as
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summarized in Table 3. In the same animals we also injected 1 h pi
129-PIB- Zuero:342t0 have a reference, as this conjugate had
previously demonstrated good targeting propertis).(The
results showed that the blood level Mc-CGG-Ziera:342
decreased rapidly, reaching 2.320.44 %IAQ 1 h pi and0.62

+ 0.08 %IAfQ 6 h pi. The radioactivity clearance from other
organs followed the same pattern. The tumor-to-kidney ratios
were 0.050+ 0.01 (1 h pi), 0.072: 0.017 (4 h pi), and 0.147

+ 0.074 (6 h pi) for®*"Tc-CGG-Z4era:342 The tumor uptake

of 9T ¢c-CGG-Z4er2:342did not differ significantly between the
points of time.

To study the binding specificity to HER2-receptamnsvizo,

a group of mice were preinjected with a 1000-fold excess of 0 L
nonlabeled Affibody molecule before injection of the labeled
conjugates. As expected, the tumor uptake of §8tfic- and F ¥ ¥ FFES
129-label in the blocked group was lowep < 0.005), which @
verified that the uptake was receptor-specific.

An Affibody molecule radioiodinated via p-iodobenzoate 4 h pi
linker, 129-P1B-Z1er2:342(18), was used as an internal reference
for comparison and was also injected into the same animals in 304
this biodistribution study. As can be seen in Figure 6, the tumor-
to-organ ratios were high for bot"Tc-CGG-Zer2:340and23-
PIB-Zyer2:342 Generally, the technetium label provided better
contras 1 h pi. The uptake was approximately ebdidn pi, but
6 h pi, the radioiodine label provided better tumor-to-organ
ratios.

Gamma-Camera Imaging of HER2-Expressing Xenografts
Using ®"Tc-CGG- Zper2-342. Gamma-camera images in BALB/c
nu/nu mice bearing SKOV-3 tumors were acquired after 6 h
after administration of*"Tc-CGG-Zer2:342 The images re-
vealed good radioactivity accumulation in the tumors, which 0-
were clearly visualized, as shown in Figure 7. However, the ob O
uptake was high in the kidneys and in the abdomen area, which ° »w QQ\“' &
was predicted from the results of biodistribution study. Tumor- RPN
to-contralateral thigh was 2@ 7 (averaget maximum error). @

DISCUSSION 6 h pi

Earlier studies demonstrated that the use of solid-phase 200+
peptide synthesis can provide monomeric forms of Affibody
molecules, capable for binding to target proteins and site-specific
attachment of chelators fé#in and®*™Tc (19, 22). However,
the present peptide synthesis techniques would be inefficient
in production of large multimeric Affibody molecules or fusion
proteins. For recombinant production, which would be required
in this case, an incorporation of synthetic chelators would be
possible only as a separate process. A possible alternative has
been proposed earlier for scRR4(26), namely an incorporation
of a terminal cysteine, which would form N3S chelator together
with adjacent amino acids. Still, we had to take into account
that direct translation of a labeling technique from one protein 0-
to another is not easy in the case of technetium, since the
surrounding amino acids influence the stability of the chelate ,0\0
on one hand, and the chelator may affect the biodistribution & 8
properties of a targeting protein on the oth&d,31). It is well- i
known that a change of chelator has a dramatic influence on Figure 6. Tumor-to-organ ratios foP*"Tc-CGG-Zigrz:342 and 129-
the pharmacokinetics of short peptides, such as somatostatirPIB-Zuerz:342in Balb/c nu/nu mice bearing SKOV3 xenografts. Data
analogues32, 33). It is also known that the biodistribution of ~ are presented as average from four animgalSEM.
antibodies and their fragments is relatively insensitive to the chelator, i.e., by an indirect method. The labeling efficiency
labeling method 34). But data concerning the biodistribution  (Table 2) was 53.8 10.1%, which is lower than obtained for
of intermediate size (510 kDa) molecules are rather scant.  maGGG-containing der2:342 conjugate (about 80%)2P).

The model Affibody molecule 4er2-3s2Was synthesized for  George and co-worker24) have reported that labeling of scFv
this study by a solid-phase peptide synthesis with N-terminal containing the GGGC sequence provided higher labeling yields
extensions of the CGG or CGGG sequences. The final products(about 97%) in an alkaline condition. Alkaline pH is usually
showed subnanomolar affinities for the HER2 receptor, sug- favorable for rapic?®™Tc-labeling, probably because of depro-
gesting no major negative effect of CGG or CGGG attachment tonation of sulfur and nitrogen donor atoms, which facilitates
on binding properties of &r2:342(Table 1). the complexation of technetiun3%, 36). The direct labeling

Initial experiments on labeling of CGGGagr2:342 With method in alkaline solution (0.15 M NaOH, pH 11) provided
99mTc were performed using tartrate as an intermediate weak a high radiochemical yield (90%), and a stable technetium

12+
11 P 1
84 [J*™Te-caG
64
4

24

Tumor-to-organ ratios

Hl '°-piB
20 [1%MTe-caG

10+
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Figure 7. Gamma camera imaging 8% Tc-CGG-Zer2:342in Balb/c
nu/nu mice bearing SKOV3 xenografts af@éh pi.

labeling was achieved. The specificity of binding to HER2
vitro after direct labeling was preserved, and the antigen binding
capacity did not differ significantly from the capacity after
indirect labeling. No significant difference in biodistribution was
found between directly and indirectly labeled CGGGe#o:342
(Figure 4). For this reason, direct labeling was selected for CGG-
Zyerz2:3azlabeling as well. The plasma stability in mouse serum
indicated that the labeled conjugates were stable during 1 h. |
was found that the retention of radioactivity in malignant
SKOV-3 cells was better fo"Tc-labeled cysteine-containing
conjugates than for a radioiodinated counterpart (Figure 3). Thi
can be explained by better intracellular retention of radiocatabo-
lites after internalization and lysosomal degradation of Affibody
molecules.

The primary purpose of the development of an imaging agent
lies in achieving high tumor-to-organ ratios, giving high contrast

Tran et al.

catabolism of the labeled conjugates in kidney, probably due
to reoxidation. Furthermore, tHf8 Tc-labeled cysteine-based
chelators behaved similarly, while the most essential difference
between these chelators and the maGGG chelator could be seen
in the radioactivity accumulation in intestines. The results
showed a 3-fold reduction of hepatobiliary excretion in the case
of cysteine-based chelators in comparison with maGGgzZ

342. An explanation of this effect could be that the use of cysteine
instead of mercaptoacetyl as a thiol group donor increases the
overall hydrophilicity of the chelate due to the presence of a
charged amino group and shifts excretion pathway from
hepatobiliary to renal. A number of studies indicate that the
use of more hydrophili®™Tc chelates favor renal excretion
(31, 37, 40, 41). A shift to renal excretion was also indicated
in this study by the increase of the kidney uptake of a factor of
7 by exchanging the maGGG chelator to cysteine-based
chelators. It might be surprising that an additional charged group
caused such profound difference in biodistribution of a 7-kDa
protein. However, similar effects were also reported by Zhu and
co-workers 41) for a neutrophil elastase inhibitor HNE2, which

is similar in size (about 7 kDa) to the Affibody molecules. In
that study, a variation of a single amino acid (phenylalanine,
glycine, or glutamic acid) in the chelator modified the biodis-
tribution of the protein in the same way as in our experiments.

Thein vitro results showed that bo®¥™Tc-CGG-Ziero:342
and®"Tc-CGGG-Ziera:342provided promising characteristics
as targeting agents for HER2. To further evaluate the targeting
properties, one of the conjugate¥Tc-CGG-Zero:34) Was
investigated in nude mice carrying SKOV-3 xenografts. Bio-
distribution data from the blocking experiment®8fTc-CGG-
Zyer2:342demonstrated that the binding to HER2 receptors in
ovarian carcinoma tumors was receptor-specific, since the uptake
was blocked by a preinjection of an excess of nonlabeled
Affibody (p < 0.005). Thein vivo retention in tumors was
constant over time, which corresponded well with the results
of the in witro cellular retention study in SKOV-3 cells.
Moreover °"Tc-CGG-Z4er2-342had a fast blood clearance and
low uptake in most organs and was mainly excreted through
kidneys, thus providing a low background for imaging. At early
time points (1 ad 4 h pi), the technetium label provided tumor-

tto-organ ratios that were similar to or better than those provided

by Zyero-3s2radioiodinated using-iodobenzoate. 6 h pi, the
radioiodine label was superior, probably due to a different

g pattern of clearance of radiocatabolites. However, the contrast

level provided by the technetium label (e.g., tumor-to-blood ratio
of 9.2) is acceptable. For clinical use, tH&Tc-labeled
conjugate might be preferred over tHél-labeled one, due to
the easy labeling (with a potential for a kit formulation), better
logistics, and much lower price. Only a clinical study can answer

images. Therefore, a quick clearance from blood and unspecific if these factors may overweight the somewhat lower contrast

compartments and quick tumor localization are essential proper-

ties of a targeting conjugate. Comparative biodistribution in

in comparison with the radioiodinated counterpart.
Gamma-camera imaging wit8"Tc-CGG-Z4ero:342at 6 h pi

normal mice (Figure 4) showed that the labeled conjugates hadclearly showed the tumors in the mice. Although the accumula-

rather rapid blood clearance, with less than 1% IAtd & pi.
This is in the same range (6-3.8% IA/g) as in mice for
99mTc-labeled somatostatin analogu&3)(and lower than the
blood level reported at that time f8¥"Tc-labeled scFv38) or
their multimeric constructs3@). The low blood radioactivity
concentration suggested that, in agreement withitheitro
serum stability test, no considerable transchelation to blood
plasma proteins occurred. Low levels of radioactivity were
detected in liver and lungs, suggesting that no colloids were
formed. However, a somewhat elevated radioactivity (in com-
parison with®™Tc-maGGG-Zer2:349 in Stomach and salivary

tion in the intestines was largely reduced in comparison with
the use of maGGG-chelator, the amount of radioactivity (10%
IA per whole content) could still complicate the detection of
extrahepatic metastases in the abdominal area on the day of
injection. Nevertheless, the Affibody molecules seem to exhibit
as good tumor-to-organ ratios as the other technetium-labeled
anti-HER2 conjugates, if not better. For instarf@&Tc-HYNIC-
trastuzumab Fa@) and®*"Tc-scFv barnase barstar constructs
(43) had tumor-to-blood-ratios of 1.3 & h pi and10.8 at 24

h pi, respectively, compared to 9.26ah pi for the®*"Tc-labeled
Affibody molecule. This comparison would give some ideas

glands was observed, indicating some release of free pertech-about then vivo properties but should be interpreted with care,
netate. Since the conjugates appeared to be stable in bloodas different HER2-xenografts and sampling techniques were
plasma, it is likely that the release occurred during the used.
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In summary, the Affibody molecules containing cysteine- (14) Molina, R., Barak, V., van Dalen, A., Duffy, M. J., Einarsson,
based chelators CGG and CGGG were stably labeled with R., Gion, M., Goike, H., Lamerz, R., Nap, M.;'Btwrmos, G., and
9T ¢, rapidly cleared from the blood circulation, and provided Stieber, P. (2005) Tumor markers_in breast cancer- European Group
specific tumor accumulation (the latter case wa$$6fc-CGG- on Tumor Markers recommendatiorumor Biol. 26 281-293.
Zuer2:34). It was evident thaP"Tc-CGG-Ziera:a42 Clearly (15) Steffen, A-C., Orlova, A., Wikman, M., Gunneriusson, E., Nilgson,
showed tumors in mice in the gamma-camera study. Thus, Y. Adams, G.P., Tolmachev, V., and Carlsson, J. (2006) Affibody
incorporation of cysteine into recombinant Affibody molecules ~ Mediated tumor targeting of HER-2 expressing xenografts in mice.

: . . g . Eur. J. Nucl. Med. Mol. Imaging 3%31-638.
\F/)vrc())litleoilnpsrowde an efficient way for site-specific labeling of these (16) Orlova, A., Nilsson, F. Y.. Wikman, M., Stahl, S., Carlsson, J.,

and Tolmachev, V. (2006) Comparative in vivo evaluation of iodine
and technetium labels on anti-HER2 affibody for single-photon
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