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We report the synthesis and preliminary biologic testing of a
synthetic macromolecule, **mTc-diethylenetriaminepentaacetic
acid (DTPA)-mannosyl-dextran, for sentinel node detection.
Methods: Synthesis started with a 2-step process that attaches
a high density of amino-terminated leashes to a dextran back-
bone. Allyl-bromide was reacted with pharmaceutical-grade
dextran to yield allyl-dextran. After diafiltration with water, filtra-
tion, and lyophilization, the product was reacted with aminoeth-
anethiol and ammonium persulfate. The resulting amino-conju-
gated dextran was dialyzed, filtered, and lyophilized. The mixed
anhydride method was used to attach DTPA; after dialysis,
filtration, and lyophilization, 2-imino-2-methoxyethyl-1-b-man-
nose was used to attach the receptor substrate. The molecular
diameter was measured by dynamic light scattering. Amino,
mannose, and DTPA densities were measured by trinitroben-
zene sulfonate assay, sulfuric acid/phenol assay, and induc-
tively coupled plasma spectroscopy of gadolinium-DTPA-man-
nosyl-dextran, respectively. Receptor affinity was measured by
Scatchard assay of rabbit liver. Axillary, popliteal, and iliac
lymph nodes and each injection site were assayed for radioac-
tivity at 1 and 3 h after injection of approximately 3.7 MBq (0.050
mL) #¥mTc-DTPA-mannosyl-dextran (0.22 nmol) or filtered *°™Tc-
sulfur colloid into the foot pads. Four animals were studied at
each time point. Results: DTPA-mannosyl-dextran had a mo-
lecular weight of 35,800 g/mol and a molecular diameter of 7.1
nm. The final amine, mannose, and DTPA densities were 23, 55,
and 8 mol per dextran. Labeling yields were in excess of 98%
and stable for 6 h. Specific activities of 74 X 108 GBg/mol were
achieved. The equilibrium dissociation constant for binding to
the mannose-terminated glycoprotein receptor was 0.12 + 0.07
nmol/L. The popliteal extraction at both 1 h and 3 h was signif-
icantly (P < 0.05) higher for 9mTc-DTPA-mannosyl-dextran
(90.1% = 10.7% and 97.7% = 2.0%, respectively) than for
filtered °°mTc-sulfur colloid (78.8 = 6.5 and 67.4% = 26.8%,
respectively). 9mTc-DTPA-mannosyl-dextran exhibited signifi-
cantly faster injection site clearance than did filtered %°mTc-
sulfur colloid. The %mTc-DTPA-mannosyl-dextran percentage
injected dose (%ID) for the front and rear paws was 52.6 = 10.5
and 52.3 = 8.0at 1 hand 45.7 = 8.5 and 43.6 = 8.2 at 3 h after
administration. The filtered %™ Tc-sulfur colloid %ID for the front
and rear paws was 70.4 = 11.0 and 66.3 = 15.1 at 1 h and
556.5 = 7.8 and 66.9 = 8.5 at 3 h. Lymph node accumulation of
each agent at either 1 or 3 h was not significantly different.
Conclusion: mTc-DTPA-mannosyl-dextran is a receptor-
based sentinel node radiotracer that exhibits the desired prop-
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erties of rapid injection site clearance and low distal node ac-
cumulation. This molecule is the first member of a new class of
diagnostic agents based on a macromolecular backbone with a
high density of sites for the attachment of substrates and im-
aging reporters.
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When designing a receptor-targeted diagnostic agent,
the fundamental goal is to deliver an adequate amount of
imaging reporter per receptor. Progress in receptor-binding
radiopharmaceuticals has been possible because radiotrac-
ers can be synthesized with specific activities that are com-
patible with typical target tissue receptor densities and de-
tector sensitivities of PET and SPECT scanners. The
development of MRI and CT receptor-binding agents has
been challenging because of the decreased sensitivities of
these modalities. One approach to this problem is to encap-
sulate or embed the reporter into a particle. An alternative is
to attach multiple units of a reporter onto a molecular
backbone that carries the receptor substrate. Proof-of-prin-
ciple for this approach has been demonstrated for hepato-
cyte-specific MRI contrast enhancemef} é&nd receptor-
targeted lymphoscintigraph@). The principal impediment
to the development of these agents was the lack of an
inexpensive molecular backbone with a high density of
attachment sites for the receptor substrate and imaging
reporter. The MRI agent requires a high density of attach-
ment sites for gadolinium delivery to the limited number of
hepatocyte receptors. The lymphoscintigraphy agent re-
quires a high density of receptor substrate sites to achieve a
receptor affinity required for proper sentinel node detection.
Sentinel node biopsy3] is rapidly entering common
practice for melanoma4(5 and breast canceb6{8). Al-
though the technique has yet to be standardi®dif is
typically performed using &"Tc-labeled colloid and a blue
dye (@0). The radiotracer is first used preoperatively to
determine the location of the sentinel node and is then used
intraoperatively to guide the dissection to the sentinel node.
The blue dye, which has a very rapid transit through the
lymph channels and nodes, is used to visually confirm the
selection of the radioactive node as the sentinel lymph node.
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One barrier to standardization is the fact that neither the
blue dye nor any of th€*Tc-labeled agents have bee | ;
designed for sentinel node detection or approved by theDextran—ox + B ¢—(=C
Food and Drug Administration for sentinel node detection.
Consequently, these agents do not exhibit high sentipel
node extraction. As a result, they travel to distal lymp|
nodes, which are detected as additional sentinel nodes. The | , L
following agents 11,12 are in current use for sentinel nod Dextranfo—(F—?——C\ + HS—(E—({—N\
detection®*"Tc-sulfur colloid, filtered®™Tc-sulfur colloid,
99Tc-antimony trisulfide, and various preparations qf
99T c-labeled albumin microcolloids. None of these agen{ts
exhibit ideal properties of both rapid injection site clearange
and high sentinel node extraction. Consistent with this lack 1] N
of stangdardization is the consensus that sentinel node detec- DeXtran_o_?_?—(f_s_(E_(f—N\
tion has a long learning curve and a wide range of reported . .
false-negative rates, from 0% to 12%3). We propose that FIGURE 1. Covalent attachment of amlno—termlngted leashes
. . . . . to dextran hydroxyl groups is 2-step process, which prevents
arationally designed sentinel node radiopharmaceutical Wyl ., cross-linking. DMSO = dimethyl sulfoxide.
improve diagnostic performance.

In this article, we report the synthesis and testing of a

%mTc-labeled receptor-binding radiopharmaceutical that €% s g) and sodium borohydride (0.2 g). The pH was maintained by
hibits the biochemical properties required for sentinel noGgopwise addition of 2.5N NaOH. After 3 h, the solution was
detection. These properties, small molecular diameter anglitralized with acetic acid (2.5 mol/L) and the reaction was
high receptor affinity, yield a radiopharmaceutical witlplaced in a 5°C refrigerator for 2 h. After the top organic layer was
rapid injection site clearance and low distal lymph nodéecanted and 100 mL deionized water were added, the resulting
accumulation. This report also introduces a scalable synttselution was filtered (um) into an ultrafiltration cell and diafil-

sis of a molecular backbone capable of delivering higi§red (molecular weight cutoff, 3,000) with 10 exchange volumes

densities of imaging reporters to specific receptors. of deionized water. The product, allyl-dextran, was then concen-
trated and lyophilized.

In the second step, the allyl-dextran was reacted with 7.5 g
MATERIALS AND METHODS aminoethanethiol in dimethylsulfoxide (30 mL) to produce an
Reagents amino-terminated conjugate. This reaction was initiated with am-

Pharmaceutical-grade dextran (PM10; weight average moledionium persulfate (1.0 g) and was performed under a nitrogen
lar weight, 9,500) was obtained from Amersham-Pharmacia Bigtmosphere. After 3 h, the reaction volume was doubled with
tech (Piscataway, NJ). All aqueous solutions were prepared usfigjonized water, the solution was adjusted to pH 4 with sodium
deionized water (NANOpure Infinity; Barnstead/Thermolynd)ydroxide (2.5N), and the product was diluted with 140 mL
Dubugque, 1A). Dimethylsulfoxide was obtained as U.S. Pharm&edium acetate buffer (0.02 mol/L, pH 4). The product was then
copeia grade from Gaylord Chemical Corp. (Slidell, LA). Ammofiltered (5 pm) into an ultrafiltration cell and dialyzed with 5
nium persulfate was purchased from Aldrich (Milwaukee, WI) a@xchange volumes of acetate buffer (0.02 mol/L, pH 4) followed
>99.99% purity and stored at 4°C. Cyanomethyl-2,3,4,6-t@tra- by 5 exchange volumes of deionized water. After concentration,
acetyl-1-thiop-p-mannoside (CNM-thiomannose) was synthet-he amino-terminated dextran was lyophilized. A sample was then
sized by published method44-16. Methanol was obtained as assayed for the average number of amino groups per dextran,
American Chemical Society grade, stored over 4A molecul¥fhich was defined as the amine density.
sieves, and distilled immediately before use. All dextran conju- DTPA ConjugationWe used the mixed anhydride methdd)
gates were lyophilized and stored aB0°C. Dextran standards {0 conjugate (Fig. 2A) DTPA to the dextran backbone. Activation
(stored at-80°C) were prepared by dissolution in deionized wate?f DTPA (20 g) with isobutylchloroformate (3.1 mL) was per-
followed by lyophilization. Particle-size standards (National Instformed in acetonitrile (83 mL) at 30°C. The activated DTPA was
tute of Standards and Technology/Bureau of Certified Referencd@Wly added to the amino-terminated dextran (2 g) in bicarbonate
traceable) were purchased from Duke Scientific Corp. (Palo AltBuffer (0.1 mol/L, pH 9). This solution was stirred overnight at
CA). All other reagents were purchased from commercial suppligi@om temperature. After diafiltration of the product with 5 ex-

NaOH, sodium borohydride
50°C

ammonium persulfate

DMSO 0
50C

and used as received. change volumes of bicarbonate buffer (0.1 mol/L, pH 9) followed
by 5 exchange volumes of deionized water, the retentate was
Synthesis concentrated and lyophilized. A sample was then assayed for

Amino-Terminated Leash Conjugatidrhe synthesis of DTPA- DTPA and amine densities.
mannosyl-dextran started with the attachment of amino-terminatedVlannose ConjugationDTPA—dextran was conjugated with
leashes to the hydroxyl units of dextran. This attachment wasnm@nnose by imidate coupling (Fig. 2B). Immediately before man-
2-step process (Fig. 1). The first step was the activation of thesyl conjugation, this product was deacetylated with sodium
dextran hydroxyl units with allyl brominel{,18. This reaction, methoxide (0.05 mg/mL) in dry, freshly distilled methanol (250
which used 10 g PM10 dextran in 75 mL deionized water, wanL) using a CNM-thiomannose concentration of 0.04 g/mL of
performed at 50°C and pH 11 in the presence of sodium hydroxideethanol 16). After removal of the methanol by rotary evapora-
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(g)z- COy COy COr
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DeXtI’al'l—O—él—(::—(::—S——(:i—(:?—N< $\/N/ W
COr €Oy COr COr
B
(2
C—o0
om NS ’
HONPH 1/ g
o o N
((EHZ ND Ho\gH n/
CH) H
CHy CHa NM
g
+ H, $H2
o Borate Buffer ?
NH, 0.1 M, pH 9.5 o1,
H
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CH;—$—C H,CO.
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o] OH | FIGURE 2. Attachment to amino-termi-
OH nated leashes of chelator, DTPA (A), and
receptor substrate, mannose (B).

tion, the coupling reaction was performed by the addition of dmy multiplication by the average number of glucose units per
appropriate amount of DTPA—dextran (0.5 g) in a 20 mg/mdextran.
solution of Clarks borate buffer (0.2 mol/L, pH 9.0). The reaction Measurement of DTPA Densityhe average number of DTPA
was conducted at room temperature for 2 h. After filtratiop(®), units per dextran was measured after complexation of the DTPA
the product was transferred into an ultrafiltration cell and dialyzembnjugate with gadolinium. Lyophilized DTPA—dextran was dis-
with 5 exchange volumes of bicarbonate buffer (0.1 mol/L, pH %olved in 0.1 mmol/L triethanolamine HCI (pH 6.0). To the DTPA
followed by another 5 exchange volumes of deionized water, andnjugate solution, we added a 50% excess of gadolinium (mol/
the retentate was concentrated and lyophilized. A sample was thmeal with respect to DTPA) as a 66 mmol/L solution (filtered, 0.2
assayed for mannose, DTPA, and amine densities. pm) of 0.1N HCI and then adjusted the pH to 6 with 2.5N NaOH.
Measurement of Amine Densifjhe average number of aminoAfter the solution was stirred for 24 h at 37°C, it was transferred
groups per dextran was measured in the following manner. Tteean Amicon ultrafiltration system (Millipore, Bedford, MA) for
lyophilized dextran conjugate was dissolved in saline, and tlafiltration at a molecular weight cutoff of 3,000 Da. After dia-
amine concentration was measured by the trinitrobenzene sulfittration with 10 exchange volumes of deionized water followed
nate assay20) using hexylamine as a standard. The glucodey another 10 exchange volumes of acetate buffer (0.2 mol/L, pH
concentration of the same sample was measured by the sulfut)c the retentate was concentrated and assayed for gadolinium
acid method 21). The amino density was calculated by dividingconcentration by inductively coupled plasma spectroméixyThe
the amine concentration by the glucose concentration followeglicose concentration of the same sample was also measured by
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the sulfuric acid method2(l). The DTPA density was calculated Filtered ®™Tc-Sulfur Colloid.®*"Tc-labeled sulfur colloid was
by dividing the gadolinium concentration by the glucose conceprepared from a commercial kit (CIS, Bedford, MA) using the
tration followed by multiplication by the average number of glulabeling protocol specified by the package insert. A 3-mL volume
cose units per dextran. of sodium pertechnetate (approximately 2 GBq) was used to re-
Measurement of Mannose Densiffhe average number of constitute the thiosulfate vial. No attempt was made to optimize
mannose groups per dextran was calculated in the following méhe filtration yield by adjusting the volumes of the kit components.
ner. The lyophilized dextran conjugate was dissolved in triethA known activity of the product was passed through a Qu22-
nolamine and labeled with gadolinium as described above. Aftgyringe filter (Millex GV; Millipore). After calculation of the
diafiltration and measurement of DTPA concentration, the mafiliration yield, the radiochemical purity of the filtered and unfil-
nose concentration of the same sample was also measured byt@fed product was measured by ITLZ5[ using type SG media
sulfuric acid methodZ1). The mannose density was calculated bfGelman, Ann Arbor, MI) and 85% methanol. The developed
dividing the mannose concentration by the dextran concentrati§t/ipes were cut at anRf 0.1 and assayed inawell counter
which was calculated on the basis of the known DTPA density §00—200 keV). The colloid yield was defined as the percentage of
the DTPA—dextran conjugate. radioactivity at the origin (R< 0.1) (26). All doses of the filtered
Measurement of Size Distributiofihe mean diameter of each Preparation were administered within 15 min of the filtration step.
conjugate was measured by dynamic light scattering (UPA-150; vitro Binding Assay
Honeywell-Microtrac, Clearwater, FL). Each conjugate was as- The equilibrium dissociation constant for binding to rabbit liver
sayed for 10 min at a concentration 5 mg/mL of 0.9% saline. \yas measured as previously describf).(Previous studies of the
The refractive index of each sample was assayed (Fisher Scientififannose-binding protein recept®8| showed equivalent affini-
Santa Clara, CA) and did not deviate from 0.9% saline (1.33)es for liver and lymph node binding. Briefly, DTPA-mannosyl-
Latex particle standards of 3 different sizes gave weight-averaggéitran was labeled with 2.2 GB§"Tc, column purified, and
diameters that were within 5% of their mean diameters{18.5, diluted to 7 concentration&"Tc-DTPA-mannosyl-dextran at var
102 = 3, and 993+ 21 nm), which were calibrated by photonious concentrations (2. 1078 to 2.1 X 10! mol/L) was
correlation spectroscopy or electron microscopy. The analyzecubated with homogenized liver in 2@ assay buffer (pH 7.5;
software did not assume a gaussian size distribution. Mean nio® mol/L NaCl, 0.05 mol/L CaGJ 0.05 mol/L MgC}, 0.05 mol/L
lecular diameters with SDs were calculated from volume distribd+is-HCI, and 0.1% human serum albumin). The incubation was

tion data. performed at 37°C for 30 min in uncapped polyallomer ultracen-
trifuge tubes (7X 20 mm; Beckman Coulter, Inc., Fullerton, CA)
Radiolabeling on a hematology mixer (Fisher Scientific) that provided both

99T c-DTPA-Mannosyl-Dextranlin reduction was used to4a rocking and rotation. Bound and free activity were separated by
bel DTPA-mannosyl-dextran witf°™Tc. DTPA-mannosyl-dex ultracentrifugation (Optima TLX; Beckman Coulter) for 20 min at
tran (1.5 mg, 0.41 nmol) was added to a 2-mL glass vial. The vid@b,000 rpm (TLA-100 rotor; Beckman Coulter). After 2 washes
was capped with a silicone/polytetrafluoroethylene septum, amdth 200 pL buffer, the empty ultracentrifuge tube and the wash-
0.5-mL sodium pertechnetate (approximately 0.75 GBq) wasgs were placed in separate plastic scintillation vials and assayed
added. The vial was then purged for 10 min with filtered (Qu2® for radioactivity (L00—-200 keV). The computer program LIGAND
medical-grade nitrogen. During this time, a tin chloride solutiofNational Institutes of Health, Bethesda, M)9{ was used to
was prepared by the addition of 0.175 mL HCI (37%) to 5.0 mgalculate the equilibrium dissociation constant; khe receptor
SnCl followed by 25 mL 0.9% saline. Immediately after cessatiogoncentration, [R]; and N1, a ratio that represents the amount of
of the nitrogen purge, 50Q.L ascorbic acid (0.5.mol/mL 0.9% nonspecifically bound ligand.
saline) and 5QuL of the acidified saline solution of tin chloride Biodistribution
were rapidly injected into the labeling vial. After the solution stood Preliminary biodistribution of™Tc-DTPA-mannosyl-dextran
for 1 h atroom temperature, 1.0 mL phosphate-buffered saline (R, assessed in New Zealand White rabbits. These studies were
7.2, 0.1 mol/L phosphate, 0.15 mol/L chioride) was added to the,tormed under a protocol approved by the Institutional Animal
labeling vial. The labeled product used in the biodistribution and R4re and Use Committee. After anesthesia with an intramuscular
vitro binding studies was purified by size-exclusion chromatogrésiection of ketamine and xylazin€™c-DTPA-mannosyl-dex
phy (G-25SF, 1x 9 cm; Amersham Pharmacia Biotech [1 mL/mifyan (0.050 mL, 0.22 nmol, approximately 3.7 MBq) or filtered
0.9% saline]). Standing gel chromatograpf22)(was performed sone_sylfur colloid (0.050 mL, approximately 3.7 MBg) was
by stopping the column flow at 1 min after injection and scanningjected into all 4 foot pads. Four rabbits (2.5-3.0 kg) were studied
(23) the column for radioactivity (100—200 keV). Chromatographyt each time point with each agent. All rabbits received only 1
of the unpurified product with Sephacryl S-300HR X130 c¢m; radiotracer. After injection, each foot pad was massaged for 1 min,
Amersham Pharmacia Biotech) was used to test for possible Croggh a 10 x 10 cm (4% 4 inch) gauze pad placed between the
linking; the mobile phase (1 mL/min 0.9% saline) was monitorefhjection site and a gloved thumb. At 55 or 175 min after injection,
by ultraviolet absorbance (226 nm) and radioactive detecti@50 mL isosulfan blue 1% (U.S. Surgical Corp., Norwalk, CT)
(100-200 keV). The void volume of this column was calibrate¢has administered to each foot pad. Five minutes after the isosulfan
with blue dextran (Sigma, St. Louis, MO). Instant thin-layer chraslue injection, each animal was euthanized by a barbiturate over-
matography (ITLC) with 31ET media (Whatman, Ann Arbor, Ml)dose under anesthesia. The paws and the popliteal, axillary, and
and acetone was performed using standard technigdle The iliac lymph nodes were excised and assayed for radioactivity
concentration of the injectate was measured by ultraviolet spge00—-200 keV) with 0.0050-mL samples (Cikyar) of the 99T c-
trometry (226 nm) using known concentrations of DTPA-mannd@TPA-mannosyl-dextran dose. We also assayed each gauze pad
syl-dextran as a standard curve. for radioactivity. If the pad contained more than 2% of the dose,
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I (NN), mannose (NM), and DTPA (ND) densi-
ties were 23, 55, and 8 mol per dextran.
€0y €Oy COr COy Average molecular weight was 35,800 g/mol,
and mean molecular diameter was 7.1 nm.

we considered the injection a misadministration and did not ifecular diameters for PM10 dextran, each intermediate con-

clude the injection site and corresponding lymph node data in thgyate, and the final product, DTPA-mannosyl-dextran.
study. The percentage injected dose (%ID) for the front and rear

injection sites and the axillary, popliteal (%JQjea), and iliac Radiolabeling
(%IDjjac) lymph nodes was calculated as: Labeling yields were in excess of 98% and stable for 6 h.
Specific activities of 74x 10° GBg/mol were achieved.
Figure 4 is a typical standing gel chromatogram, which
The popliteal extraction, PE, was calculated as: demonstrated an absence of reduced, hydroly?&tc at
PE = (%ID,open — %IDyiac) X 100/%IDpoper EQ. 2 the top of the 8-cm S_ephz_ad_ex colu_mn. Figure 5 is_a t)_/pi(_:al
absorbance and radioactivity profile of fast protein liquid
Statistical Analysis chromatography perfornde6 h after labeling. This chro-
Values are presented as meanSD. The significance of dif- matogram demonstrated an absence of polymeric dextran,
ferences betweerf*"Tc-DTPA-mannosyl-dextran and filtered\yhich would be detected by the absorbance profile at the
99mTc-sulfur colloid was determined using the Studenést for olumn void volume (V), and unbound®Tc, which would

paired data. The pfogfam, (IMP; SAS Institute Inc., C."”Y‘ NGe detected by the radioactivity profile at the bed volume.
assumed equal variance;< 0.05 was considered statistically

%ID = Cprnissue>< 100/(Cpmslandardx 10) Eq 1

significant The percentage bound measurements through ITLC showed
' high °*"Tc-DTPA-mannosyl-dextran labeling stability for at
RESULTS leag 6 h (Fig. 6A) and an approximately 10% loss in
percentage bound afteP*Tc-sulfur colloid filtration
Synthesis (Fig. 6B).

The unlabeled product, DTPA-mannosyl-dextran (Fig.
3), had a molecular weight of 35,800 g/mol and a molecul#és Vitro Binding
diameter of 7.1+ 0.9 nm. The final amino, mannose, and The equilibrium dissociation constant for binding to the
DTPA densities were 23, 55, and 8 moles per dextran. Talfennose-terminated glycoprotein receptor was &:1207
1 lists the coupling densities, molecular weights, and mamol/L. The specific binding data are graphed in Figure 7 in

TABLE 1
Molecular Parameters

Coupling density (mol/dextran)

Conjugate Allyl Amine DTPA Mannose Weight (g/mol) Diameter* (nm)
Dextran 9,500 4.0 +0.5
Allyl-dextran 86 13,000 73+1.2
Amino-dextran 86 19,600 8.8 + 0.9
DTPA-dextran 78 8 22,800 72+18
DTPA-mannosyl-dextran 23 8 55 35,800 71 =09
*Mean = SD.
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FIGURE 4. Standing gel chromatography of 9mTc-DTPA-
mannosyl-dextran showed absence of reduced unbound %°mTc.

the Scatchard form. Each symbol represents a data pq
corrected for nonspecific binding by N1, which equalg
0.273 = 0.011. The Scatchard line was calculated H
LIGAND and yielded arx-axis intercept of 0.116- 0.074
nmol/L, which is the receptor concentration.

Biodistribution
Tables 2 and 3 list the %ID at 1 and 3 h, respectively, f

the axillary, popliteal, and iliac lymph nodes, the %ID fof

the injection sites at the front and rear foot pads, and t
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he Time (hr)

popliteal extraction. The maximum number of injectiot

h
T

sites and axillary or popliteal lymph nodes at each timlGURE 6. Percentage bound measurements through ITLC

point was 8. Axillary, popliteal, and iliac lymph node ac-

cumulations &1 h were not significantly different for fil-
tered %" Tc-sulfur colloid and®™Tc-DTPA-mannosyl-dex
tran. None of the lymph nodes exhibited a statisticall

showed high %mTc-DTPA-mannosyl-dextran labeling stability
for at least 6 h (A) and approximately 10% loss in percentage
bound after %mTc-sulfur colloid filtration (B). B contains results
of 3 labeling experiments. A = ITLC results from 4 labeling
gxperiments without purification; A = ITLC results from

significant change in %ID between the 1- and 3-h tim@-25SF-purified *"Tc-DTPA-mannosyl-dextran.

points. The popliteal extraction at lotl h and 3 h was
significantly P < 0.05) higher foP*Tc-DTPA-mannosyl-
dextran (90.1+ 10.7 and 97.7+ 2.0 %ID, respectively)
than for filtered®®™Tc-sulfur colloid (78.8+ 6.5 and 67.4*-

0.15 , : , , 30

&
g 0.10 20 =
2 <
< —~
8 =
2 005 10 g

0.00 L . . . . 0

0 2 4 6 8 10
Elution Volume (mL)

FIGURE 5. Fast protein liquid chromatography 6 h after label-
ing showed absence of polymeric dextran and unbound %mTc
(absorbance, black line; activity, gray line). V, = void volume.

26.8 %ID, respectively).®®"Tc-DTPA-mannosyl-dextran
exhibited significantly faster injection site clearance than
did filtered " Tc-sulfur colloid. The**™Tc-DTPA-manne
syl-dextran %ID for the front and rear paws was 526
10.5 and 52.3+ 8.0 at 1 h and 45.7 8.5 and 43.6+ 8.2

at 3 h after administration. The filteré®¥™Tc-sulfur colloid
%ID for the front and rear paws was 704 11.0 and 66.3

+ 15.1at1 hand55.5 7.8 and 66.9+ 8.5 at 3 h. Axillary
and popliteal accumulation at either ¥ 8 h was not
significantly different between agents.

DISCUSSION

Our results demonstrate the receptor-binding properties
of a radiolabeled mannosyl-neoglycoconjugate based on a
highly substituted dextran backbone. These properties are
receptor specificity and affinity as exhibited by the in vitro
binding assay. The biodistribution data demonstrated faster
injection site clearance and lower distal lymph node accu-
mulation than were seen for a nonreceptor-targeted particle,
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liver and urinary bladder from the axillary basin, we do not

, : foresee any interference with sentinel node imaging or
0.15 T intraoperative detection in breast cancer patients. Lastly, the
SDs of some of the lymph node measurements are higher
than those of typical biodistribution data resulting from
0.10 i intravenous injections. We attribute this difference to bio-
logic variation in lymph node drainage of the foot pads; for
this reason, we used 4 rabbits per agent at each time point,
which yielded up to 8 axillary and 8 popliteal lymph nodes
0.05 A 1 for each time point.

A Our choice of dextran as the molecular backbone was
based on practicality and availability. Previous studies with
0.00 . receptor-targeted MR}, in vitro receptor assay27), and

0.00 0.05 0.10 0.15 sentinel node detectio) used polylysine as the molecular
backbone. Although these studies showed proof-of-princi-
[B] (nM) ple, clinical implementation based on polylysine was not
feasible. Polylysine is expensive and has a small clinical
FIGURE 7. In vitro assay of *mTc-DTPA-mannosyl-dextran  qaianase. Dextran is inexpensive and has a well established
binding to liver measured equilibrium dissociation constant, Kp, . . .
of 0.12 + 0.07 nmol/L. [B] = bound concentration; B/F = safety record 30,31). More important, dextran is available
bound-to-free ratio. in a wide selection of molecular weights. Additionally,
dextran is very hydrophilic, a property that promotes injec-
tion site clearance3@). Alternatives such as starburst den-
rimers B3) or polylysine () are 10-fold the cost per gram.
ditionally, amine-terminated dendrimers exhibited poor
. . iocompatibility and anionic dendrimers displayed signifi-
tran and the mannose density of the neoglycoconjugate.ﬁant liver uptake34). Another important aspect is the direct

Our biodistribution studies did not demonstrate a signi i that the interstitial diffusi ficient
icant difference in sentinel node uptake between the receﬁ?—serva lon$9) that the interstitial diffusion coefficient for

tor-binding agent and filtered™Tc-sulfur colloid. Increased eutral dextrans is 10-fold greater than that for proteins of

uptake would be a minor benefit if the injection site clealthe same hydrodynamic radius. This property was attributed

ance remained unchanged. For example, if the sentinel nd@dne greater hydrophilicity and flexibility of the dextran, as
uptake were to double from 5 to 10 %ID, the injection sit@’?” as the absence of charge, the presence of which reduces
of a particulate agent would change from 95% to 90% of tHBigration across charged membrane structures. Conse-
dose. The solution is to provide 2 routes by which the agefi¢ently, dextran conjugates, if properly designed, will de-
may clear the injection site. Using a small- to medium-siz&/€r a greater density of reporter atoms than do rigid or
molecule that binds to the sentinel node through a biochefharged structures.

ical interaction permits a second route of clearance throughWe consider the ability to control the molecular weight of
diffusion into the blood capillaries. This strategy does hawvbis agent to be a critical feature of our design strategy. By
a disadvantage in that this agent, once in the blood, wilelecting a dextran from the various molecular weights and
accumulate in the liver and urine. Given the distance of tleentrolling the number of substrate and reporter groups

B/F
>»

filtered °°"Tc-sulfur colloid. These features, which ar
highly desirable for a sentinel node agent, can be rationa
controlled by selection of the molecular weight of the de

TABLE 2
Biodistribution at 1 Hour
%ID
— - Popliteal
Lymph nodes Injection sites extraction*
Agent Axillary Popliteal liac Front Rear (%)
99mTc-DTPA-mannosyl-dextran 4.0 =37 6.1 = 4.5 0.75 + 0.88 52.6 = 10.5 52.3 + 8.0 90.1 + 10.7
Filtered %mTc-sulfur colloid 54 +27 48 +15 0.94 = 0.19 70.4 =11.0 66.3 = 15.1 78.8 £ 6.5
nTCDx/nrrCSCT 7/8 8/6 4/3 777 8/7 8/6
P 0.42 0.48 0.73 <0.01 0.039 0.042

*(%IDpopIiteaI - %IDiIiac) X 100/%|Dpopliteal-
fNumber of lymph nodes or injection sites for each agent (™ Tc-DTPA-mannosyl-dextran [TcDx] or filtered 9™ Tc-sulfur colloid [fTcSC]
at each time point that satisfied our injection criteria.
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TABLE 3
Biodistribution at 3 Hours

%ID
— - Popliteal
Lymph nodes Injection sites extraction*
Agent Axillary Popliteal lliac Front Rear (%)
99mTc-DTPA-mannosyl-dextran 6.1 =10.7 6.1 =55 0.18 = 0.24 45.7 = 8.5 43.6 £ 8.2 97.7 £ 2.0
Filtered %mTc-sulfur colloid 6.2*+22 6.0 = 3.3 217 £ 2.70 565 738 66.9 = 8.5 67.4 £ 26.8
I"I'|'C|:),</I"I1l'|'xs(;T 7/8 8/8 4/4 7/8 8/8 8/8
P 0.98 0.97 0.19 0.036 <0.001 0.007

*(%IDpopIiteaI - %IDiIiac) X 100/%|Dpopliteal-
fNumber of lymph nodes or injection sites for each agent (™ Tc-DTPA-mannosyl-dextran [TcDx] or filtered 9™ Tc-sulfur colloid [fTcSC]
at each time point that satisfied our injection criteria.

attached to the dextran, we can tailor the size of the agenttrelation then does conjugated DTPA. The basis for this
the imaging problem. For sentinel node detection, we sgeneralization comes mainly from the literature on radiola-
lected PM10 dextran, which has an average moleculaeled antibodies. To our knowledge, the only direct com-
weight of 9,500 and a mean diameter of 4.6 nm. Aftgrarison of a conjugated DTPA with an,§} system dem
attachment of 55 mannose and 8 DTPA groups, the resultiogstrated equivalent stability to a cysteine challerdf®.
molecular weight and diameter were 35,800 g/mol and 7.1Finally, the reaction scheme will provide an opportunity
nm. Our intention was to design a radiopharmaceutical tf design receptor-targeted agents for MRI and possibly CT.
moderate size. A linear molecule of 7.1 nm would promot&lthough the biochemistry literature is replete with methods
injection site clearance by permitting entrance into both ther the attachment of small molecules to dextran-based
blood and the lymph capillaries. Our hypothesis is thahromatography media, these techniques result in attach-
radiation scattered from the injection site controls the tissugents to a very small fraction of the glucose units. Delivery
background observed by the surgeon during intraoperativEan adequate number of reporter units per receptor will
detection. Consequently, a radiotracer that clears more ragguire a high density of attachment sites. The dextran
idly from the injection site, even if the radiotracer delivergonjugate used in this study consisted of 1.5 attachment
equal activity to the sentinel node, will provide better desites per glucose unit. The essential feature of the reaction
tection (a higher signal-to-background ratio) than will agcheme was the use of a 2-step process that used a hetero-
agent with slower clearance. bifunctional reagent, cysteamine, to create the amino-termi-
A second design goal was to obtain a radiotracer @fted leash. This process eliminated the possibility of cross-
ultrahigh receptor affinity. Our intention was to obtain afinking and allowed the reaction to be performed at high
agent with 100% extraction by the lymph node. The equitextran concentrations. Our long-term goal is to apply the
librium dissociation constant of 0.12 nmol/L ranks thigeceptor-based pharmacokinetic modeling developed by nu-
preparation of**"Tc-DTPA-mannosyl-dextran among theclear imaging to MRI and CT observations of regional
most avid of the labeled neoglycoconjugates. Dissociati@igsue biochemistry.
constants for other labeled neoglycoconjugates are 0.33
nmol/L for °°"Tc-DTPA-galactosyl-polylysine 27), com
posed of 185 biantennary galactose units and 24 DTFONCLUSION
groups attached to a backbone of 120 lysines; 0.14 nmol/L°**"Tc-DTPA-mannosyl-dextran is the first member of a
for iodine-labeled galactosyl-neoglycoalbumin, with a garew class of receptor-targeted diagnostic agents based on a
lactose density of 44 mol/moB6); and 0.19 nmol/L for macromolecular backbone with a high density of sites for
gallium-labeled deferoxamine-neoglycoalbumin, with a gdhe attachment of receptor substrates and imaging reporters.
lactose density of 41 mol/moBY). This radiopharmaceutical is the first specifically designed
Our selection of DTPA as the chelation system was bastat sentinel node detection and exhibits the desired proper-
on clinical experience with this system. Two commercidles of rapid injection site clearance and low distal node
kits using DTPA-albumin exist in JapaPP™Tc-DTPA-al accumulation. Our long-term goal is to increase the diag-
bumin and®"Tc-DTPA-galactosyl-neoglycoalbumir8®). nostic performance of the sentinel node technique. The
The former agent exhibited a plasma clearance equivalentésult would be a wider dissemination, beyond academic
that of13Y-albumin 39). We are aware of the consensus thatenters, and greater access for patients with breast cancer or
the nitrogen—sulfur tetradentate chelates afford more stabdelanoma.
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