
overexpressed in epithelial-lineaged tumors and the type @3
in nonepithelial-derivedtumors (4). Both isoformsshow a
high affinity for folic acid.

There has been much interest in exploiting the folate
receptor for tumor-specific targeted delivery of imaging or
therapeutic agents. Earlier efforts in targeting the folate
receptor were focused on the use of conjugates of antibodies
against the folate receptor. For example, radiolabeled M0v18,
a monoclonal antibody against the folate receptor a, has
been evaluated for radioimaging and radiotherapy treatment
of ovarian carcinomas in clinical studies (3, 14â€”17). An
alternative strategy has been developed for folate receptor
targeting in which the ligand, folic acid, is covalently linked
to the molecule to be delivered (18â€”32).Folic acid (molecu
lar weight 441.4) is a high-affinity ligand for the folate
receptor (Kd â€”@l0@0 mollL). The receptor binding proper
ties of folic acid are retained when it is derivatized by its

â€˜y-carboxyl.Folate conjugates are taken into cultured tumor
cell by binding to the folate receptor on the cellular surface
followed by receptor-mediated endocytosis. This targeting
strategy has been exploited in the receptor-mediated deliv
ery ofproteins, liposomes, gene transfer vectors, chemothera
peutic agents and radioimaging agents into tumor cells
(18â€”32).

Two radiolabeled folate-chelator conjugates have been
synthesized and evaluated for tumor imaging: 67Ga-deferox
amine-folate and â€œIn-diethylenetriamine pentaacetic acid
(DTPA)-folate (26â€”29,31,32).Similar to other low-molecular
weight radiopharmaceuticals, such as radiolabeled peptide
analogs of somatostatin (e.g., I111n-DTPA-octreotide) (33,34),
these radiolabeled folate conjugates showed high degrees of
tumor specificity and rapid systemic clearance and are
potentially nonimmunogenic (26â€”29,31,32). In a folate

receptor-positive xenograft tumor model, a tumor-to-blood
ratio of409: 1 was achieved 4 h after intravenous injection of
67Ga-deferoxamine-folate (26). Although results of these
earlier studies are promising, we believe that 99mTc,rather
than 67Ga or IIâ€˜In,represents the ideal radionuclide for

radioimaging applications. The l40-keV â€˜y-radiationof
@Tcis optimal for standard imaging equipment. Although

the 6-h half-life of this radionuclide may prove too short for
labeling monoclonal antibodies, which have a relatively
slow rate of systemic clearance, it takes full advantage of the

The folate receptor is overexpressedin a wide variety of human
tumors.Conjugatesof folatehavebeenshownto beselectively
taken up by tumorcellsvia the folatereceptor.In thisstudy,a
novelradiopharmaceutical, @â€œTc-6-hydrazinonicofinamido-hydra
zido (HYNIC)-folate,was synthesizedand evaluatedfor its
efficacy as a targeted agent for the imaging of tumors that
overexpress the folate receptor. Methods: HYNIC-folate was
synthesized and radiolabeledwith @â€œTcusing tncine and triso
dium tnphenylphosphine-3,3',3â€•-trisulfonate as coligands. The
receptorbindingpropertiesof@Tc-HYNIC-foIatewerestudiedin
culturedtumorcellsthatoverexpressthefolatereceptor.The
tumor-localizing properties of@Tc-HYNIC-folate were then evalu
ated in C57BL16 mice bearing subcutaneously implanted folate
receptor-positivesyngeneictumors.Tissuedistributionwasdeter
mined at two different time points, and gamma camera images
were collected on two animals. Resufts: The folate receptor
mediated uptake of @mTc-HYNlC-folateby cultured tumor cells
was approximately300 times higherthan the nonspecificbinding
determinedin the presenceof I mmoVLfree folic acid. Excellent
tumorselectivitywasalsoshownin theanimalmodel;tumor-to
blood ratios reached 55 Â±19 and 81 Â±6 at 4 and 24 h after
injection, respectively. Tumor uptake of the radiotracer was
blocked by the co-injection of 100 pg free folate. Tumors were
clearly identifiable on the gamma camera images, with the
kidneysand the bladderas the only normalorgansshowinghigh
levels of the radiotracer.Conclusion: @Tc-HYNlC-foIateis a
promising,novelreceptor-specificradiopharmaceuticalwithp0-
tentialapplicationsin the imagingof humantumors.

KeyWords: @â€œTc;folatereceptor;tumorimaging
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eceptor-targeted radiopharmaceuticals show promise

to greatly improve the specificity and sensitivity of nuclear
imaging procedures. The folate receptor is a glycosylphos
phatidylinositol-anchored membrane protein overexpressed
in approximately 100% of serous ovarian adenocarcinomas
and a wide variety of other human cancers (1â€”13).Mean
while, the normal tissue distribution ofthis receptor is highly
restricted. Two folate receptor isoforms have been identified
in humans, a and @3.The type a receptor is frequently
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fast clearing kinetics of low-molecular-weight folate conju
gates and the shortened waiting period between radiotracer

administration and image collection.
In this study, a @Tc-labeledfolate conjugate, @Tc-6-

hydrazinonicotinamido-hydrazido (HYNIC)-folate, was syn
thesized and evaluated for receptor binding in tumor cell
culture and for its tumor-localizing properties in a syngeneic
mouse tumor model.

MATERIALS AND METHODS

Materials
Folic acid, 6-chioronicotinic acid, trisodium triphenylphosphine

3,3',3'â€˜-trisulfonate(TPPTS),tricine,dicyclohexylcarbodiimide,
N-hydroxysuccinimide and hydrazine hydrate were purchased
fromAldrichChemicalCo. (Milwaukee,WI). Bicinchoninicacid
(BCA) protein assay kit was obtained from Pierce Chemical
(Rockford, IL). @Fcpertechnetate was produced by an on-site
generator.

FIGURE1. (A) Synthesisof folate-hydra
zide, (B) 6-chloronicotinic acid NHS-ester
and (C) HYNIC-folate.

Cell Culture
KB cells, a humanoral carcinomacell line that overexpresses

the folate receptor, were obtained from Dr. Philip S. Low at Purdue
University (West Lafayette, IN). 24JK-FBP cells, a methylcholan
threne-induced mouse sarcoma cell line transfected with the human
folate receptor gene, were obtained from Dr. Pairick Hwu at the
NationalCancer Institute(Bethesda,MD). Both cell lineswerecultured
continuously as a monolayer at 37Â°Cin a humidified atmosphere
containing 5% CO2 in folate-free RPMI164O medium supple
mented with 10% fetal bovine serum, 50 U/mL penicillin and 50
@.tg/mLstreptomycin. The final folate concentration (with the fetal
bovine serum as the only source of folate) falls in the range of the
physiological concentration in human serum. Because of their high
folate content (2 pmollL), which leads to the downregulation and
presaturation of the cellular folate receptor, regular culture media
were not used.

Synthesis of Folate-y-Hydrazide
First, N-hydroxysuccinimide (NHS) ester of folic acid was

synthesized (Fig. 1). Five grams offolic acid were dissolved in 100

A
+40H

NHSFolk Add

NHS-Estr of Folk Acid

+

Hydrszlne
Folate-Hydrazide

B a-Q-cx@oH+ 0- @&=@=@@Q(DCC)
6-Chioronicotinic Acid NIIS

6-Chloronlcotlnlc Acid
NHS Ester

C H!4rHrJJi:HN@

raÂ°
6-Chloronicotinic Acid
NHS Ester

Folate-6-Chloronlcotlnamlde

NH2NH2

1564 THE Joui@w.. OF NUCLEARMEDICINE â€¢Vol. 40 â€¢No. 9 â€¢September 1999



mL dimethylsulfoxide (DMSO). A 1.I-molar excess of NHS and
dicyclohexylcarbodiimide (DCC) were then added. The reaction
was allowed to proceed for 4 h at room temperature under stirring
and shielded from light. The by-product dicyclohexylureawas
removed by filtration. The DMSO solution of the NHS-folate was
stored at â€”20Â°Cuntil use. Then, to synthesize folate-hydrazide
(Fig. 1), 7 mL of the above NHS-folate solution were slowly added
to 200 iiL hydrazine hydrate under stirring at room temperature.
The product folate-hydrazide was converted into a hydrochloride
salt with the addition of 2 mL 0.5 N HC1and then precipitated with
four volumes of acetonitrile/diethylether I :1. The precipitate was
pelleted by centrifugation, redissolved in a small volume of water
and then reprecipitated with 10 volumes of ethanol. The pellet was
then washed sequentially with ethanol and diethylether and then
dried into a yellow powder under vacuum. The product mainly
consisted of a mixture of a- and -y-carboxyl linked isomers of
folate-hydrazide, which were further fractionated by anion
exchange chromatography, based on the different pK5s of the
underivatized carboxyl group on the folate conjugates (pKa @2.5
for a free a-carboxyl and â€”4.5for a free â€˜y-carboxyl).Solution of
the product mixture was loaded on to a 25 cm X 10 mm
diethylamine ethyl (DEAE)-trisacryl column and eluted with an
ammonium bicarbonate gradient of 100â€”500mmol/L (Fig. 2).
Peaks corresponding to the two isomers of folate-hydrazide and
folic acid were identified by their characteristic absorption spec
trums and presence of hydrazide group assayed with ninhydrin.
Fractions containing the folate-'y-hydrazide were pooled, lyophi
lized and stored at â€”20Â°C.The overall yield of the reaction was
approximately 60%. Product purity as determined by ultraviolet
absorbance at 360 nm was 94%.

Synthesis of HYNIC-Folate
First, an NHS-ester of 6-chloronicotinic acid was synthesized:

200 mg 6-chloronicotinic acid were dissolved in 2 mL DMSO, and
146 mg NHS and 261 mg DCC were then added. The reaction was
allowed to proceed for 4 h at room temperature under stirring and
shielded from light. The by-product dicyclohexylurea was pelleted
by centrifugation. The pellet was rinsed with 2 mL DMSO, which

was combined with the supernatant to fully recover the product.
Second,1 mL of this DMSO solutionwas addedto 50 mg
folate-y-hydrazide. The reaction mixture was incubated for 4 h at
room temperature to yield folate-6-chloronicotinamide. Finally,
200 mg hydrazine hydrate were added to the reaction mixture.
After overnight incubation at room temperature, the product
HYNIC-folate was converted to a hydrochloride salt with the
addition of 100 pL 0.5 N HC1 and then precipitated with four
volumes of acetonitrile/diethylether 1:1 and pelleted by centrifuga
tion. The pellet was then washed three times by dissolution in a
small volume of water followed by precipitation with four volumes
of ethanol. Finally, the pellet was washed with ether and dried into
a powder under vacuum and stored at â€”20Â°C.The molecular mass
of HYNIC-folate was confirmed to be 591.14 by fast-atom
bombardment mass spectroscopy (FAB-MS). The absorption spec
trum ofHYNIC-folate was analyzed on a ultraviolet-Vis spectropho
tometer. Concentration of HYNIC-folate was determined using a
molar extinction coefficient of 6500. The yield for HYNIC-folate
synthesis was 73%.

Radlochemical Synthesis of @â€˜Tc-HYNlC-Folate
A ternary ligand system using tricine and TPPTS as coligands

was developed for the radiolabeling of HYNIC-folate based on a
method reported previously for peptide labeling (35). The follow
ing solutions were sequentially added to a 3-mL glass tube: 0.5 mL
tricine solution (80 mg/mL in 1120, pH 5), 17 @iLHYNIC-folate
solution (10 pg in H20), 0.2 mL TPPTS coligand solution (5
mg/mL in H20), 74 MBq (2 mCi) @â€˜Tc-sodiumpertechnetate (in
0.5 mL saline) and 25 j.iLSnCl2.2H20 solution (I mg/mL in 0. 1 N
HCI). The pH of the final mixture was approximately 4.5, and
HYNIC-folate concentration was 13 @imol/L.The glass tube was
heated to 80Â°Cfor 30 mm, and the radiochemical product was then
analyzed by instant thin-layer chromatography (ITLC) for purity.
Briefly, a 5-LIL sample was spotted at the origin of two ITLC-SG
strips (2 X 15cm). After developing in one of two different solvent
systems (0.9% sodium chloride solution or acetone), the strips were
scanned on the multichannel analyzer radiochromatogram scanner
system and calculations were made to determine the percentages of
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radioactivity at the origin and solvent front where peaks were
located. The radiochemical purity was found to be greater than 95%
using this analytical procedure. @â€œTc-HYNIC-folatewas then used
in receptor binding or biodistribution studies.

Uptake of @â€œTc-HYNIC-Folateby CufturedCells
The folate receptor binding properties of @â€œTc-HYNIC-folate

were evaluated in two receptor-positive cell lines: KB, a human
oral cancer cell line, and 24JK-FBP cells, a methylcholanthrene
induced mouse sarcoma cell line transfected with the human folate
receptor-a gene. Eighty percent confluent monolayers of tumor
cells in 24-well plates were incubated with various concentrations
of @Tc-HYNIC-folatediluted in 1 mL culture medium. After 20
mm incubation at room temperature, the incubation medium was
removed and the cells were gently washed three times with
phosphate-buffered saline (136.9 mmol/L NaCl, 2.68 mmol/L KC1,
8.1 mmollL Na2HPO4, 1.47 mmol/L KH2PO4,pH 7.4). The cells
were then lysed in 0.1% Triton X-l00 and the lysate counted for
cell-associated radioactivity using a gamma counter. Cellular
protein was determined using BCA protein assay reagent. The
receptor specificity of @â€˜@Tc-HYNIC-folatewas determined by
addition of I mmol/L free folic acid to the incubation medium,
which blocks binding by the folate receptor.

Tumor Imaging and Biodistributlon Studies
Ten 7- to 8-wk-old female C57BL/6 mice (Harlan Sprague

Dawley, Inc., Indianapolis, IN) were placed on folate-free rodent
diet (Dyets, Inc., Bethlehem, PA) on arrival (day 0). The animals
were inoculated with 24JK-FBP cells on day 16. Approximately 2
x l0@trypsinizedcells were injectedsubcutaneouslyusinga
25-gauge needle at each of two sites on each animal in a volume of
100 @iL:the first on the right shoulder and second on the left hip.
Tumor imaging and biodistribution studies were performed on day
26, at which time all mice developed tumors in both locations.

@Tc-HYMC-folate was injected through the tail vein in a volume
of 100 @iL(containing1.3 nmol HYNIC-folate conjugate). Animals
were killed and tissues harvested at 4 h (7 mice) and 24 h (3 mice)
postinjection. Three mice ofthe 4 h time point were coinjected with
100 jig free folate to block receptor-mediated uptake of the
radiotracer, and the rest of the animals were injected with only the
radiotracer. Gamma camera images of two of the animals of the 4 h
time point (injected with just the radiotracer) were taken immedi
ately before kill. Harvested tissue samples were weighed and
counted in an automatic well gamma counter. The biodistribution
of the radiotracer in each sample was calculated as a percentage of
the injected dose per gram of tissue weight (%LD/g)using counts
from weighed and appropriately diluted samples of the original
injectate for reference. Tumor-to-background tissue ratios were
then calculated from the corresponding %ID/g values.

RESULTS

Synthesis of HYNIC-Folate
The synthetic scheme for HYNIC-folate is outlined in

Figure 1. Folate-hydrazide was first synthesized by reacting
an N-hydroxysuccinimide ester of folic acid with hydrazine
hydrate. Because folic acid has two carboxyl groups with
similar reactivity and because a free a-carboxyl is needed
for binding to the folate receptor, it is necessary to separate
the two regioisomers of the folate conjugate. This was
accomplished by anion-exchange chromatography on a

DEAE-trisacryl column and a gradient of ammonium bicar
bonate. Separation of the two isomers was based on the
different PKaS of the a- and â€˜y-carboxyl of folic acid. The

final product HYNIC-folate was identified by FAB-MS and
had a molecular mass of 591.14.

RadlochemicalSynthesisof @â€œTc-HYNlC-Folate
A ternary ligand system using tricine and TPVFS was used

in the radiolabeling of HYNIC-folate. Previous HYNIC
derivatized peptide ligand radiolabelmg studies showed that
such a ligand system produces technetium complexes in
high yield and with high specific activity (>740 GBq/mmol)
(35). TPVFS was chosen as a coligand because of its three
negatively charged sulfonates, which confer the radiophar
maceutical a high degree of hydrophilicity. This is important
because highly charged radiopharmaceuticals tend to exhibit
fast clearance kinetics dominated by rapid excretion through
the kidneys, which could be beneficial for applications in
scintigraphic imaging. With our labeling method, a radio

chemical purity > 95% was readily achieved based on ITLC
analysis.

Uptakeof @â€œTc-HYNlC-FolatebyCulturedCells
Two folate-receptor-positive cell lines were used in the in

vitro characterization of this radiopharmaceutical. As shown
in Figure 3, cellular uptake of @Tc-HYNIC-folate was
saturated at approximately 10 and 3.4 pmollmg cellular
protein for KB and 24JK-FBP cells, respectively. Cellular
uptake was reduced by more than 100-fold by 1 mmol/L free
folic acid, suggesting the uptake was exclusively through the
folate receptor and that nonspecific cellular binding was
minimal. These results are consistent with previous data
obtained in similar assays performed with 67Ga-deferox
amine-folate and â€œIn-DTPA-folate, in which a high degree
of receptor specificity was also observed (29,31,32).

Tumor ImagIng and Blodistributlon Studies
Ten 7- to 8-wk-old female C57BL16 mice were placed on

a special folate-free rodent diet on arrival. This is necessary
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FIGURE 3. Uptake of @Tc-HYNIC-folateby culturetumor
cells.
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FIGURE 4. (A and B) Gamma camera
images of mice treated with @Tc-HYNlC
folate. Posterior images of two mice im
planted with tumor cells on right shoulder
and left hip obtained 4 h after Intravenous
administrationof @Tc-HYNlC-folate.Solid
arrows point totumor implants; open arrows
indicatekidneysandunnarybladderof each
animal.

because the high folic acid content of regular rodent diet (6
mg/kg) leads to high serum folate levels in mice. Previous
studies show that animals placed on folate-free diet for 3 wk
maintained a serum folate level of 25 Â±7 nmol/L (i.e.,
slightly higher than levels found in human serum [9â€”14
nmol/L]) and experienced no adverse effects (26). To create
a suitable animal tumor model for evaluation of folate
receptor targeting, the mice were subcutaneously implanted
with 24JK-FBP cells. These were syngeneic chemically
induced mouse sarcoma cells retrovirally transfected with
the human folate receptor type a gene. Compared with the
athymic mouse-KB cell xenograft model used in previous

folate-receptor targeting studies, this syngeneic tumor model
is more convenient to use and the folate receptor expression
level of 24JK-FBP cells more closely resembles that of
human tumors. Approximately 2 X l0@trypsinized 24JK
FBP cells were subcutaneously implanted on the right
shoulder and the left hip of each test animal. Measurable
tumors developed consistently 10 d after tumor cell implan
tation. At this point, each mouse was given an intravenous
injection ofapproximately 3.7 MBq (100 j.iCi) @â€˜@Tc-HYNIC
folate, and 3 mice were also coinjected with 100 pg free
folate. Animals were killed at 4 Or 24 h after injection and
tissues harvested for further analysis. Gamma camera im
ages were collected for 2 mice at the 4 h time point
immediately before kill. Tissue samples were weighed and
counted for radioactivity. As shown in Figure 4, the highest
levels of the radiotracer were found in the kidneys and the
urinary bladder, whereas some liver activity was also
detected in 1 mouse. The two tumor implants on the right
shoulder and the hip regions on both animals were readily

detectable in the gamma camera image. Meanwhile, other
organs showed only background levels of radioactivity. The
high kidney levels were likely a result of the presence of

folate receptor in the proximal tubules. The biodistribution
of the radiotracer was calculated, and the results summa
rized in Table 1. The data showed tumor-to-blood ratios of
55 Â±19 and 81 Â±6 for the animalskilled at 4 and 24 h

TABLE 1
Biodistributionof @mTc-HYNlC-foIateinC57BL/6 Mice

Carrying Subcutaneous Grafts of 24JK-FBP Cell-Derived
SyngeneicTumorsthat Expressthe FolateReceptor

BlOOd
Heart
Kidney
Liver
Lung
Muscle
Spleen
Intestine
Tumor1 (shoulder)
Tumor 2 (hip)
Ratios

Tumor-to-blood
Tumor-to-muscle
Tumor-to-liver
Tumor-to-kidney

0.29Â±0.100.29 Â±0.050.07 Â±0.000.97
Â±0.360.17 Â±0.020.72 Â±0.2861.38
Â±34.3213.99 Â±2.0930.30 Â±10.153.40
Â±1.850.96 Â±0.912.12 Â±0.431

.02 Â±0.400.39 Â±0.060.88 Â±0.080.57
Â±0.080.12 Â±0.030.55 Â±0.272.84
Â±2.960.73 Â±0.812.68 Â±1.931.98
Â±2.220.41 Â±0.220.36 Â±0.1517.84
Â±11.431 .93 Â±0.336.75 Â±0.8915.69
Â±9.911.87 Â±0.395.14 Â±1.1255.0

Â±19.26.80 Â±2.1980.9 Â±6.428.2
Â±14.817.3 Â±6.212.1 Â±4.45.78
Â±2.923.02 Â±1.702.94 Â±1.050.26
Â±0.030.13 Â±0.030.20 Â±0.04

HYNIC = 6-hydrazinonicotinamido-hydrazido.
Valuesshownare mean Â±SD of % injecteddose per gram of

tissue.Tumor-to-tissueratioscalculatedbasedon averageof two
tumors.
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postinjection, respectively. Coinjection of 100 pg free folate
greatly reduced the tumor and kidney levels of the radio
tracer, suggesting radiotracer localization in these tissues
was mediated by the folate receptor. These results are similar
to those obtained previously with 67Ga-deferoxamine-folate
in a KB cell xenograft tumor model (26).

DISCUSSION

The folate receptor is frequently overexpressed in human
tumors, including approximately 100% of serous ovarian
adenocarcinomas. Folic acid conjugates have been shown to
bind the folate receptor with high affinity and are taken up by
tumor cells by folate receptor-mediated endocytosis. This
provides a useful approach for targeted delivery of imaging
or therapeutic agents into tumor cells. A radiolabeled
monoclonal antibody against the folate receptor, MOvl8,
has been evaluated in clinical studies for imaging and
therapy against ovarian cancer (3, 14â€”17). Although some
what promising results were obtained in these studies, the
sensitivity of this procedure was limited by the relatively
slow systemic clearing kinetics of monoclonal antibodies.
Moreover, these antibodies consistently elicit a human
antimouse antibody immune response that may prevent the
repeated use of the imaging procedure (15,17). By contrast,
folate conjugates are low-molecular-weight agents that are
rapidly cleared from the blood stream and are presumably
nonimmunogenic. This should allow for much higher tumor
to-background tissue ratios to be achieved in a much shorter

time span, thereby greatly accelerating the entire imaging
procedure. Such advantages have been demonstrated for
low-molecular-weight imaging agents such as the radiola

beled somatostatin analog â€˜@ â€˜In-DTPA-octreotide and in
two-step (or three-step) imaging procedures in which the
radiolabeled agent is administered in the final step as a
low-molecular-weight conjugate (33,36).

In this study, @Tcwas chosen as the radionuclide.
Compared with other possible choices of radionuclides for
gamma imaging, such as@@ â€˜Inand 67Ga, @â€˜@Tcis clearly the

preferred choice. 99mTcis the most widely used radionuclide
in nuclear medicine because its physical properties (6-h
half-life, l40-keV gamma photon) are ideally suited for
labeling fast-clearing radiopharmaceuticals for imaging.
Moreover, the easy and inexpensive availability of this
radionuclide accounts for its use in approximately 80% of
nuclear medicine procedures. Therefore, development of a
99mTc..based agent is important for the potential clinical
application of folate receptor-targeted radiopharmaceuticals.

HYNIC was linked to folic acid and used as the ligand for
99mTc radiolabeling. Recent studies show that a ternary
system consisting of HYNIC, tricine and a phosphine (e.g.,
TPPTS) forms stable complexes with @â€˜@Tcwith high yield
and specific activity (35). TPPTS was chosen as a coligand
because of its three negative charges, which should increase
the overall hydrophilicity of the radiotracer complex, ensur
ing its rapid systemic clearance through the kidneys@When

was prepared using only tricine as the
coligand, highly specific binding to the folate receptor was
also observed (data not shown). However, because previous
studies showed that HYNIC-tricine labeling methods lead to
the formation of multiple radiolabeled species, we did not
further characterize this agent in vivo (35).

In the cellular uptake study, receptor binding was evi
dently saturable and was completely inhibited by 1 mmol/L

free folic acid. This showed that @mTc@HYNIC@folatewas
highly specific for the folate receptor and that nonspecific
binding to the cellular membrane was negligible.

In this study, a syngeneic mouse tumor model was chosen
based on subcutaneously implanted 24JK-FBP tumor cells
grown in C57BL/6 mice. Compared with the KB cell
xenograft athymic mouse model used in previous studies
characterizing the 67Ga-deferoxamine-folate, and â€œ11n-DTPA
folate conjugate (26,27), this tumor model has a lower level
of folate receptor expression. This may explain why tumor
to-blood ratios (55:1 at 4 h postinjection) obtained in this
study with @Tc-HYNIC-folate were approximately one
seventh of those obtained using the KB cell xenograft model
with 67Ga-deferoxamine-folate (409: 1 at the same time
point) (26). Because these mouse tumors have folate recep
tor levels more representative of tumors found in humans,
we believe this animal model is a good alternative to the
athymic mouse model. Moreover, an immune-competent
animal model also allows for the future assessment of the

immunogenicity of the folate conjugates.

The folate conjugate (@mTc@HYNIC@folate)used in this
study was approximately one twentieth (1.3 nmol per
animal) that of previous biodistribution studies on two other

folate conjugates, 67Ga-deferoxamine-folate and â€œIn-DTPA

folate (26,27). As a result, the %ID/g values for the tumor
were 3â€”54times higher and the kidney values 20â€”30times
higher than reported previously, despite the use of a tumor
model (carrying 24JK-FBP cell grafts) with fewer folate

receptors per cell compared with the athymic mouse models
(carrying KB cell xenografts).

Also, in the receptor blocking studies, we used 24 times less
free folate (100 jig) than in previous studies on 67Ga-deferox
amine-folate and â€œIn-DTPA-folate(26,27). In those studies, 2.4
mg folate were administered intravenously 5 mm before radio
tracer injection, which apparently led to serious damage to
the kidney functions and significant inhibition ofblood clearance
of the radiotracer, as suggested by a 30-fold increase in the
blood radiotracer level and a more than 10-fold increase in
the kidney levels over animals not receiving free folate
(26,27). The 100 pg coinjected free folate used for receptor

blocking in this study did not significantly increase the blood
levels of the radiotracer and actually significantly decreased
the tradiotracer levels in the kidneys, presumably because of
blocking of the kidney folate receptors. Meanwhile, free
folate coinjection led to an eight-fold reduction in tumor-to
blood ratio, showing that tumorlocalization of@'Tc-HYNIC
folate was a result of the folate receptor.
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30.Wang5,LeeRi, CauchonG,etal.Deliveryof antisenseoligodeoxynucleotides
against the human epidermal growth factor receptor into cultured KB cells with
liposomes conjugated to folate via polyethylene glycol. Proc NatlAcad Sci USA.

1995;92:33l8â€”3322.
31.Wang5,LeeRi, MathiasCI,etal.Synthesis,purification,andtumorcelluptake

of gallium-67-deferoxamine-folate. a potential radiopharmaceutical for tumor
imaging. Bioconj C/tern. l996;7:56-62.

32. Wang5, Luo J, Lantrip DA, et al. Designandsynthesisof â€œIn-DIPA-folatefor
use as a tumor-targeted radiopharmaceutical. Bioconj Chem. 1997;8:673â€”679.

33.OhrvallU,Westlini-E,NilssonS.etxl.Humanbiodistributionof['@In]diethylene
triaminepentaacetic acid (DIPA)-D-[Phe9.octreotide and preoperative detection
of endocrine tumors. Cancer Res. 1995;55:5794Sâ€”5800S.

34. Olsen J, Pozderac R, Hinlde G, et al. Somatostatin receptor imaging of
neuroendocrine tumors with indium-Ill pentetreotide (Octreoscan). Semin Nucl
Med.l995;25:251â€”261.

35.EdwardsD,Liu5,HarrisA,etal.A newandversatileternaiyligandsystemfor
technetium radiopharmaceuticals: water soluble phosphines and tricine as coli
gands in labeling a hydrazino nicotinamide-modified cyclic glycoprotein fib/lila
receptor antagonist with @â€œTc.Bioconj Chem. 1997:8:146-154.

36. Casalini P. Luison E, Menard 5, Ct al. Tumor pretargeting: role of avidin/

streptavidin on monoclonal antibody internalization. JNuclMe@L 1997:38:1378-1381.

CONCLUSION

Because of the frequent overexpression of folate receptor
among human tumors, folate conjugate-based radiopharma
ceuticals are likely to find widespread clinical applications
as imaging agents. Analogous rhenium complexes may also
be developed for receptor-targeted radiation therapy. This
study shows that @â€˜@Tc-HYNIC-folateis capable of effi

ciently imaging tumors in an animal model. Further preclin
cal and clinical characterization of this promising radiophar
maceutical is warranted.
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