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A. SC.OPE ANl) SPECIF_'IC AI_IS

1. Specific Project Objectives

The overall objective of this research project is to de\'elop methods for utilizing
positron emission tomography (PET) to increase the clinical potential of radiolabeled
monoclonal aFltiboc.ties (MAbs). PET is the preferred modality for quantitating tile
rh.tee dimensional distribution of radiotracers i,1 _'i_,o. Both diagnostic and therapeutic
applications of labeled MAbs could be improved as a result of knowledge obtained
through the exploitation of the advantageous imaging characteristics associated with
PET. By labeling MAbs with positron-emitting nuclides, it should be possible to
quantitate the dynanlics of their three-dimensional distribution i,'z vA'o. Our long-term
goals are to apply this approach to investigate the following:

a) Normal tissue toxicity, a major factor limitin,, the utility of
. ' ] ''ractioim:t_unotherapv Can PET be utilized to determine n_ore acc.llatclv the radiation

absolt.ed'- _ dose tc)critical normal tissues such as bone manow'?

b) Radiation dose to {umor which is difficult to determine accurately
because of the linaitations of conventional imaging technology. Can PET be used to
quantitate tumor uptake of radioactivity so that it might be possible to both relate
thctat.cutic response to tumor radiations, close and then attempt to tieat only those
patients with sufficient tumor uptake? Ill addition, can tumoF uptake be quantitated
with sufficie;_, accuracy by PET to peFmit pre-tl_erapy/post-therapy comparisons tc_
_nonitor therape uric lcspons ...

c) Earl), imaging of tumors. Clearance of activity from normal tissues
followil'Lo the injecti__n of labeled MAbs generally is slow necessitatirlg the,_"22'., _ 'J "

per/ormance of tumor imaging at least 24 hF after injection. Since the tomographic
nature of PFT rninimizes the contribution of o\,'erlvin_ and underlvitl,:, events to the

plane of interest, is it possible to imaoe_, tumors at much earlier times using this
technology?

d). Evaluation of potential strateoies,, for enhancing MAb uptake.

Approacl_es for increasing the accumulation of MAb in tumor that are cunentlv being
. , llltc, l ILl Oilsinvestigated include the use of hyperthermia external beamil'tadiation and ' _" .... .

Can the ability of PFT to quantitate tttn-lor uptake in the livino_ animal be used to
facilitate these efforts, allowing each animal (and in the future, each patient) to serve as
its own control?

This proposal is concerned with the development of methods for labeling MAbs
and their fragments with positron-emittiilg halogen nuclides. Nuclides under
investigation are fluorine,-18 and iodine-124. These nulides were selected because of
the widespread availability of F-18 and because of our _,xtensive experience in the
development of new protein radiohalogenatiorl methods. An additional advantage is the
synergism with our research program, funded by the National Cancer institute (CA



d.2324), t_) develop I-13 1 and At-21 1 labeled MAbs for radioiminunothernpy.

We .have been perforn-fing otlt initial investigations in athvmic mouse models
using the F(ab'),, fragment of Mel-14, a MAb associated with htlman gliomas and
rnelanoinas. Our group has been working for the past few years on the development of
radiolabeled MAbs including Mel-14 For use in the diagnosis and treatment of brain
turnors, and we have thus acquirect a wealth of background information and
methodology pertinent to the experinlents outlirled in this application.

The research plan of this project remains unchanged from our lnost recently
funded grant proposal and includes the following specific aims:

1. To develop and optinlize niethods for labeling N,IAbs and tlieir
fragments with fluorine-18 and iodine-124. Our goals are to maximize yield,
minimize synthesis time (particularly for 1SF), maintain MAb affinity and
i.inrnurloreactivity, and render the procedure suitable for automation.

_?. _"t_ examine the tissue distribution of lSl;', and 124I-labeled _IAbs and

fragments in atllymic lnouse xenograft nlodeis. These experiments provide an_.
indication of stability of label itz vi_'o and whether or not specific tull_or uptake can be
achieved in a time compatible with the nuclide half-life.

3. To determine the pharniacoki,ietics of 18F- and I2,1I-labeled i'_.IAI)s
and t'r'agnients iii normal dogs using PET. !r, addition to demonstrating the
safe, ty of these procedures, these studies validate the ability of PET to quantitate
normal organ uptake in clogs by comparison with tissue uptake data obtained from the
same animals at necropsy.

4. To examine the tissue distribution of 1SF. and 1241-labeled MAi)s

reactive with canine tumors in dogs witll spontaneous cancers, MAb
concentrations in tumors determir_ed by PET are compaued with levels determined by,'
tissue :,a.mpiing. Initial studies will use TP-3 and TF'-I MAbs directed against canine
and human osteogenic sarcoma.

,)

5. To investigate the elTect of hypertherniia on the tumor uptake of
radiolabeled MAbs and fragments iii dogs with Sl)ontaneous cancers using
PET, Our results in the athyrnic iilouse model indicate that hypeitl-_ermia call increase
MAb accumulation in tumor by a factor of two. Using PET, we can pursue these
investigatio:Ls in a more realistic Itlodel, letting each animal serve as; it< OWIIcontrol.

2. Relation to DOE Nuclear Medicine Program Missior_

This project attempts to combine the imaging advantages of PET with tke
potential cellular specificity of monoclonal antibodies. Monoclonal antibody resecuch
and PET are tv,,o of the areas of research of particular programatic relevance to the
DOE Nuclear Medicine Pl'oglam. Thus, this project should be considered to be very



gernmrle' to tile DOE Nuclear Medicine Pl'ogram rnission. In addition, the labeling
methods developed in this pl'oject c_uld, in ptiriciple, be adapted lot use with smalleF
.a,,_i.no acid sequence constructs developed by molecular biological techniques, making
this wotk of great relevance to evolvip,.g directions of the DOE mission.

The DOE is currently funding a number of projects directed at utilizino
.radiolabeled monoclonal antibodies for the diagnosis and treatment of' a variety of
diseases. The methods and approaches developed in this p|'qect could be or"gFeat value
to these programs in that they might facilitate the quantitation of labeled monoclonal
antibody distribution and allow ea_tie_ detection of cancer, inflammation and damaged
myocardium. In addition, the availability of monoclonal antibodies labeled with
positron emitters could be used in tandem with metabolic, hemodynamic and _ecepto_-
avid tracers for PET being developed in other I)OE-l'unded labol'atoFies.

B. WORK IN PROGR, ESS

1 Evaluation of 1_v-Laoeled Antimvosin MAb Y_a,,ments i_)a Canine Mvoca_dial
Infarct Model

In myocardial infarction, intracellular myosin is leaked into the extracellular
si)ace and is accessible to set'urn-borne agents. Antimyosin MAb fragments labeled with
a positr.on-emitting nuclide might t)ermit the simultaneous exploitation of arltimyosin
uptake specificity in damaged myocardium and of imaging advantages and quantitative
capabilities inherent in PET. Of" the positron-emitting nuclides that are available
toutinely, t'luoi'ine-18 has the longest half-life (1.83 ht) and thus may be of value :is a
label for MAb fl'agments. Recently, under the attspecies of this _,-,rant,we deveiopect a
i-nethod for labeling antimyosin t'_'agments with 18F that utilized N-succinimidyl

! - _ -.., ... _ .- Io_.."_ . .8-[(4-[l_;F]fluorobenzyl)'_mino]suberate ([lSt-,]SI:.BS) as the labeled acylation ,t..,_.nt.
Antimyosin F(ab')2 and F:ab fragments could be labelcd with 1si;"with good retention oi"
immunoreactivity. The plesent study was undertaken in a canine model to cteteFmine
whether :_',_'._plet._,l_:;ntial myocardial infarct uptake of tSF-labeled antimyosin fragments
could be achieved in a time frame compatible with the half-li/e of ISF.

Aqueous [tSF]fluoride was produced by ploton bombai'dment of [IsO]water
using a small.-volume silver target. The protein acylation agent [lSFISFBS was
prepared in three steps. After conversion of aqueous [lSF]fluo_-ide ion to
tetrabutylammonium [1SF]fluoride, 4-[lSF]fluorobenzonitrile was prepared by fluoro
for nitro exchange in 4-nitrobenzonitrile. Conversion to 4-[ lsF_fluotobenzylaminej was
accomplished by tt'eatment of the labeled product with lithium aluminurn hydride.
Reaction of 4-[._SF]fluorobenzylamine with disuccinimidyl suberate for 5 .mi_. at room
temperatme yielded [lSF]SFBS. The [ 18F]S1-L_Swas used either in unpurificd t'om-i oi
was purified by high-pressure liquicl chromatography (HPLC) using a silica gel colun-m
eiuted witt'_ ethyl acetate.

After evapot'ation of the organic solvent containing the [1sF]SFBS in a glass vial,
1.0-i.1 mg of antimyosin MAb fragment (Fab, 2.7 rag/ml: F(ab'),2, 5.6 rag/ml) in
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bozate buffer (pH 8.5) was added at_.d t'eacted for 15 rnin at roo_n temt.)eratuze. After
"9

terminating the reaction by the additior_ of 0.., M glycine, the tSF-labeled antimyosin
MAb fragment was purified by ch_'ornatography over a 1 x l0 cm Sephadex G-,..5
COltllll:tl eluted with phosphate buffe_'ed saline. Protein-.associated fsh activity,
determined by precipitation with 20% uichloroacetic acid, was bet\ 'een 96-99% for all
prepm'ations, In general, about 8 mCi of tSF-labeled antimyosin M,_\b fragment could
be prepared per 100 mCi of [lSF]fluoride. A myosin - Sepha_'ose colurni_ was used to
determine the immunoreactivity or" the tSF-labeled atltimyosin F(ab')2 and Fab
fragments.

Dogs were anesthetized and the left circumflex coronary artery was occluded for
2-3 hr. The occlusion was then released to pem_it repert'usion and 1-5 mCi of the lSF-
labeled MAb f'ragment was injected 115-6(.)rain later. Serial PET images then were

- _I_,sue di_.;tribution studies were peIformed on Dogs 1-5 in orderobtained for 2 5 hr. "'s" _

to determine whether preferential uptake of 1SF-labeled MAb fragments in damaged
myocardium could be achieved in a time t'ralne compatible with the short half life of
lsF. Normal, borde,, and infarcted regiot-_s were determined using ttiphenyltettazolium
chlolide and multiple samples obtained t'oJ.' 1SF counting.

In Tat)le 1, the data for i_lfarct:t_onnal myocardium and infarct:blood tatios, cls
well as the maximum percent injected dose per gram uptake in the infarct are
summarized. The highest level of ISF accumulation in infarcted tissue was achieved in
animals (Dogs 3 and 5) injected with Fab labeled using t[P[.,C-purified [lSF]SFBS.
Infarct'normal myocardium tissue uptake ratios for these animals were as high as
11.9'1; however, ini:a,ct:bIood ratios at 2-3.5 hr were only 1.0 to 1.6'1. Maximum

target to n_ontarget ratios were seen with antimyosin F(ab')2.

Using this fragment, infarct'normal myocal"dium n.ttios a,_ high as 20.6'1 and
infarct:blood _atios as high as 3.'2' 1 were achieved. Myoca_'dial tissue uptake data foi
all samples obtained from Dog 3, injected with the Fab fragment, are shown in Figure
1. In samples tiO[1l normal myocardium, uptake in endocardium, mid-myocardium and
epicardium were quite similar. In getteral, uptake in samples from the border and
infarctecl regions was highest in the endocardium and lowest in the epicardium. These
l'esults demonstrate that pre_'erential uptake of tSF-labeled antimyosin MAb fragments
i_ infarcted myocardium cat_.be achieved as early as 2 hl"after injection.

In the PET scans performed on Dogs 2-5, there was a suggestion of increased
accumulation of 18F activity in regions of the myocarclium expected to be at risk in this
model. Delineation of areas of infmcted tissue was complicated by the presence of high
levels of tSF activity in the blood pool. II-_the last dog studied, [ t3N]ammonia perfusion
and _eperfusion images were acquired prior to injection of lSF..labeled antimyosin Fab
to better define regior_s with coinpromised perfusion. Using the [i3N]ammonia
perfusion and reperfusion images, regions of interest were set. Regions 9, 10, and 11
had relatively high uptake and were considered to represent normal myocardium; and
tegions 3, 4, and 5 had the lowest activity levels and we_'e considered to contain
infarcted tissue. In Figure 2, the uptake of lSF-labeled Fab in these _%.,_ons'_,:,'of intm'est

_r
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Table i. Tissue Distribution Data for 1SF-labeled Antimyosin MAb
Fragments

Animal Slice %ID/g Infarct:normal Infarct:
Number* Number Infarct Myocardium Blood

If

E(.ab')2 _ment

1 A 2.94x10-2 16,0 2.2
B 3.85xi0-.2 20.6 2.9

2 A 2,42x10-2 12.1 2.8
B 2.73x10-2 12.6 3.2

Fab Fragmen t

3 A 4.80x10-2 ] 1.9 1.5
B 5.00x 10-2 11.3 1.5

4 A 3.89x10-2 10.9 1,3
B 3,27xi0-2 8.7 1.1

5 A 3.76xi0-2 5,3 1.0
B 6.06x10-2 8.4 1.6

_:With the exception of Dog 5, which was sacrificed at 3.5 post injection, these
data were obtained at 2 hr,
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is plotted as a function of time. Infarct:normal myocardium uptake ratios calculated
from these images increased from 1.5:1 at 1 hr to 4.0:1 at 4 hr. These preliminary
results suggest that 1SF-labeled antimyosin MAb fragments may be useful for imaging
damaged myocardium; however, some form of blood pool subtraction probably will be
required.

2. Labeling MAbs and F_'aglnents with 1SF Using [tsF]SFB.

If PET data are to be useful for predicting dosimetry for radioimmunother:tpy,
the t:ssue distribution of the :SF-labeled MAb and its catabolites must mimic those of

the MAb when labeled with the therapeutic nuclide. Because of the promising results
that we and others have obtained with [lSlI]iodobenzoyl and [211At]astatobenzoyl MAb
coi:.jugates, we were interested in developing a strategy that would result in the coupling
of[lSF]fluorobenzoyl groups to aMAb. With 13:I and 211At, synthesis of the labeled
acylation agent was accomplished by electrophilic destannylation; however, this
approach is not practical for 18F since the specific activity of electl"ophilic fluorinating
agents derived front [ISF]F2 is too tow.

Althougt: most of our previous studies with 1._1I and 211At have utilized
3-halobenzoate esters, a para substituted compound was chosen for 1SF because
nucleophilic fluoFination with the activating group in the meta position is problematic.
The method developed for the synthesis of N__-succinimidyl 4-[ lSF]fluorobenbenzoate
([IsF]SFB) is illustrated in Figure 3. This procedure involved three steps; [1SF]fluoride
fo_" trimethylammonium substitution on 4-formyl-N__, N__,N-trimethylanilinium triflate,
oxidation to 4-[tSF]t'luorobenzoic acid, followed by reaction with
_-hydroxysuccinimide and dicyclohexylcarbodiimide to yield [lsF]SFB.

<ince the cmbodiimide-mediated preparation of N-succinimidyl esters normallyO

is slow relative to the half life of lSF, the yield for this reaction as a function of time
was investigated. As shown in Figure 4, the radiochenscal yield of [lsF]SFB increased
from 32.0 .+_1.3.% at 10 rain to 87.9 .+_1.4% at 60 rain. Since the amount of product
available at the end of the reaction (effective yield) was essentially identical from 30-60
rain, a 35-min esterification reaction was used in subsequent experiments. The overall
radiochemical yield for the prepaation of [ISF]SFB was about 25%. About 13 mCi of
1SF labeled ester could be prepared from 100 mCi of [:SF]fluoride in a synthesis ti,_e
of 100 rain. The conditions for labeling MAbs with [:8F]SFB were essentially identt,.:, i
to those originally developed for use with the .N_-succinimidyl 131I and 211At labeled
esters. At MAb concentrations of about 3 rag/mL in pH 8.5 borate buffer, coupling
efficiencies of 40-60% have been obtained after a 15-20 rain reaction.

A preliminary evaluation of the immunoreactivity of lSF-labeled Mel-14 F(ab')2
was performed using a paired-label, single-point specific binding assay. The mean
specific binciing for the 1SF-labeled fragment was 58.1 + 2.5 %, a value slightly lower
than that observed for" Mel-14 F(ab)2 labeled using S[125I]IB (62.1 + 2.3 %; P < 0.01)

and incubated with the same homogenates. These results are nearly identical to those
reported previously for [ 13:I]iodobenzoyl and [211At]astatobenzoyl conjugates of Mel--t4
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F(ab')2 and considerably higher than those obtained when this fragment was
radioiodinated using a conventional radi.oiodination method. Thus, the levels of cold
material present in the lSF-labeled este:" preparation are low enough to avoid alteration
of MAb immunoreactivity, lt shoulct be noted that the effect of other lower specific
activity :SF-labeled acylation agents on MAb immuno_eactivity has not been
determined.

In ordm for an lSF-labeled MAb fragment to be useful for dosimetry studies, the
pharmacokinetics of the tSF label should approximate those of the nuclide used for
radioimmunotherapy. Because of tl,e promising results which have been obtained
labeling MAbs using N_-succinimictyl [13:I and :25I]iodobenzoates,,,ve anticipate
initiating therapy trials rising this method in the near future. For this _eason,
paired-label tissue distribution studies were performed in normal mice to compare the
pharmacoldnetics of Mel-14 F(ab')2 labeled by reaction with the N-succinimidyl esters
of both 4-[ 18F]fluorobenzoate anti 4-[ 125I]iodobenzoate.

As shown in Figure 5, the tissue distribution of the two labels is qt',ltte similar
over a period equivalent to over three half lives of lSF. No significant differences
between lSF and 125t uptake were observed in the spleen, blood, lung and muscle at any
time point, in general, agreement in the tissue uptal<e of the two nuclides was better
than that described in a pl'evious _'eport using a different lSF-labeling method. Small
but significant differences we._e seen in the l;ver at 2 h (:SF, 5.4 + 0.7 %ID/g; 125I, 6.0
+ 0.8 %ID/g; P < 0.05) and at 6 h (1SF, 4.6 + 0.5 %[D/g; :251, 5.5 + 0.6 %ID/g; P <
0.01). The most significant diffm'ence in the distribution of the two nuclides was noted
in the kidneys where 11-46% lower levels of :SF were observed at 0.5-6 h. The fact
that this behavior may he related to differing excretion rates is suggested by the
observation of complimentary differences in bladder activity (lSF, 4.6 + 2.8 %ID; 125I,
1.9 + 1.2 %ID at 1 h). In contrast, 19-56% higher kidney and similar lower bladder
activity of' tSF was seen when the biodistribution of antimyosin F(ab')2 labeled using
[:8F]SFBS and 3-[125I]iodobenzoate esters were compared, lt appears that the rate or'
urinary excretion of the F(ab')2 fragment (or its labeled catabolites) decreases as the
lipophilicity of the labeled acylation age,_t is increased; however, more comprehensive
studies using the same MAb fragment would be required to confirm this speculation.

In summary, N_-succinimidyl 4-[:8F]fluorobenzoate was synthesized at a
no-caxrier-added level and could be used to label a MAb F(ab')2 fragment. Results
from in, vitro binding measurements and tissue distribution studies in normal mice
suggest that this approach may be useful for labeling MAbs and other proteins with :SF.
Experiments are in progress to evaluate the utility of this :SF-labeling method in a
hun-mn tumor xenograft mouse model.

3. Development of a canine osteosarcoma cell line.

'The goal of this effort is to develop a canine osteosarcoma line for use in in vitro
binding assays and to c:'eate a canine osteosarcoma suitable for establishing xenografts
,1 athymic mice. Samples are obtained from dogs undergoing amputations or at
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necropsy as a result having disseminated osteosarcoma. Sutgical samples are p_efened.
'I'i:;sue is obtained as rapidly as possible. Tissue is isolated us inS aseptic techinques.
Biopsy core samples and/of exposed tissues are placed in a small \,olume of pzonase -
collegenase solution. Once samples a_e obtained, all. fu_thet work is done in a hood
using steFiie t._.llntque, it' tissue obtained is contaminated \vith blood the tissue is filst
ri_ls_..d_in t)BS." Following collection or"all material, the tissue is minced into a fine b_ei
then plac:ed into a digestion flask. More digestion cocktail is added to a final volume of
50-I00x the volume of tumor ' .... 'tissue isolated. The tissue is incubated in the dzgestion
cocktail 15-30 rain. Longel"times are indicated if the cocktail does not appear to be
inor'easing in {utbidity. Following digestion, the cells are t'iltered through gauze into
cetit.rifuge tubes. Cells a_e spun at 2500 rpm for 10 i.nin at 5¢C. The supernatant is
gently pout'ed off and the pellets ale resuspencled in complete media. (RPM1 1640 is
the base media used, DitTe_erlt additives will be used to optimize cell growth, i.e.
insulin, 2BME, dexamethasone). Ce!l viability is determined and cells are seeded into
flasks at higll density. I_' there are cells attached the follo,,vir_! day, the original media
is t_anst'e__'ed :o new flasks and l:resh media is placed on the attached cells in the

-x ,.

ol';ginal flasks. Once mot lolavers become confluent they are :subcultured. C_:.lls
growing in suspensioll ale plopagated. Following initial gto\vth cell type identification
is done.

C, GRADUATE STUDENTS

No graduate school ptogram exists in the Depa_tment or" Radiology at Duke
Uni\'ersitv. 'I'wo gradt_ale students in the D,epa_tment of Pathology, .James Schuster and
Joseph Ventigmalia, are woli,:ing on Ph.D. ptojects funded iI_ palt by this glaqt, In

-7 • . ,

addition, Michael Noska, a Depal'tment of Energy Occupational Health Phy:_ics t t:.llo\v
in the ,..eladuate plogram at the Univetsitv. of No,rh CaLolina. , Chapel Hill, is doino_ his
Masters thesis on wotk perfot"med at Duke in {lie labo_ato1y of the principal
investigatol'.
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